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FOREWORD

This report is a preliminary study of the econoic
valie of the spectrum resource in pbroadcasting ana land-
mobiles. It is being submitted to the Depaftment of
Communicationsv(DOC) in satisfaction of the terms ot
contract Ho. 08U 77-00338, as outlintd‘in DOC letter of
January‘24, 1978, As explained in the Introduction, we
have concentrated our efforts on the two spectrum-using
sectors of broadcasting and land-mobiles, since these
two sectors account for most of the current "crowding"
of the spectrum. We believe that for this pilot project
these are the sectors that should absorb the bulk of the
projecﬁ's resources.,

This report is organized in two parté. The first
part is the main body of the report, containing an Intro-
duction and a section each on broadcasting and Land-
moviles. A list of references used in the report.is also
attached. The second part is a detailed literature review,
covering most important works that have appeared on the

subject in the recent past.




I Introduction

In this study we shall attempt to develop an economic
theory of radio spectrum valuation and allocation, for use
and eventual application by the Canadian Department of
Communications (DOC). The radic spectrum is defined as a
three-dimensional capability for transmitting information
with electromagnetic energy. Hereafter spectrum is a range
of radio waves utilized in communications, and its dimensions
include frequency bandwidth, physical space and time.

Numerous studies in the U.S. and Canada (e.g. @), (1¢), (24),
etc.) have pointed out the growing use of spectrum by public
and private entities, and have indicated the need for the
adoption of appropriate regulatory policies in order to
prevent spectrum crowding and eventual shortages. The
currently followed DOC policies consist of a licensing system,
in which only nominal user fees are charged. The central
question to be examined by this study is the following: if
a pricing system for spectrum usage is adopted, what would
the consequences be updn the resulting spectrum demand viewed
as a function of the pricing system? In a slightly different
format, this question may be rephrased as follows: 1if the
current system of purely administrative allocation of spectrum
is replaced by a purely economic allocation system, or by a
mixed administrative-economic allocation system, what would the
spectrum demand be as a function of the parameters of the new
system, and what would be the resulting consequences (if any)

upon the user industries? 1In our context a purely economic
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allocation system is a system of exclusive licenses for time-
limited spectrum usage, that are sold by DOC with a given
(possibly discriminatory) price system, and are freely trans-
ferable by the licensee for the entire duration of his license,
reverting to DOC upon the expiration of the license.

In a purely economic allocation system the crucial
parameters are, of course, the prices charged for spectrum
usage. A set of "small" prices will not play any role in the
allocation mechanism, namely in slowing down the growth in
spectrum demand, while too "large" prices may inhibit the
growth of the user industries. Some recent estimates by DOC
point out that the annual contribution to GNP of the
various spectrum-using industries are in excess of $7 billion.
It is clear that any positive price for spectrum-usage will

create ceteris paribus an increase in the product costs of the

user industries. On the other hand, the current system of
(virtually) zero prices may eventually creatc a snectrum
shortage in certain frequencies and places; to the extent that
a user who could (and would be willing to) pay for the acquisi-
tion of a license may be prevented by the shortage from doing
so, there would be a corresponding reduction in general welfare,
since that particular user would be forced to adopt a more
costly alternative, if any.

The idea of user prices assigned to spectrum is, of course,
not new to this study. As the comments in (16), p. 85 show,
virtually every economist who has studied spectrum allocation

in the U.S. since the early sixties has advocated some sort of
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a pricing scheme. Needless to say, none of these schemes
has had, until now, any chance of being adopted by the U.S.
Federal Communications Commission (FCC). The reasons for
this failure are complex, and Levin ((1s), pp. 89-115) has given
an excellent summary of the various types of objections that
appear from time to time against proposed pricing schemes.
The principal conclusion that he seems to derive 1s that
the existing pattern of allocation and regulation has created
many powerful vested interests on both sides (regulators and spectrum
users), that militate against any proposed changes. Surpris-
ingly, there does not seem to be much support for a change

on the part of potential entrants to the ranks of spectrum

users, even though the existing allocation pattern is heavily
weighed in favor of the early users. For this reason Levin
seems inclined more towards the support of a system that lies
bétween the purely administrative and the purely economic
allocation systems.

In Canada the question of spectrum allocation occupiles,
in addition to DOC, the activities of the Canadian Radio-
television Commission (C.R.T.C.), which is exclusively concerned
with the problems of radio and television broadcasting. While
the technical problems of spectrum usage fall clearly within
the provision of DOC, and the licensing and regulation of
broadcasting forms part of the mandate of C.R.T.C., there can
be no question that the economic issues raised by the pattern
of spectrum allocation cut across both jurisdictions. Indeed,

broadcasting is done in the range of spectrum frequencies where
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numerous competing industrial uses of spectrum exist, chiefly
under the form of land-mobiles. This part of the spectrum,
where either one or both of the activities of broadcasting

and land-mobiles take place, is also the part where most
"crowding" of the spectrum takes place. Hence, any proposed
pattern of spectrum allocation has to confront the embarrassing

choice of how much to increase or reduce the share of "crowded"

spectrum devoted to broadcasting, as distinct from the other

uses.

-

The question of land-mobile versus broadcasting has
already confronted previous researches and, perhaps not
surprisingly, they have come up with diametrically opposed
recommendations. Thus, Levincites data from a 1967 study by
Casselberry and Gifford showlng that a reallocation of
spectrum from T.V. broadcasting to land-mobile would save
lénd-mobile users "from $8 to $13 billion" (U.S.), while the
broadcasting industry forced upon the next least costly
alternative (cable T.V.), would incur costs at the level of
the subscribers on the order of $3.6 billion U.S. (p.p. 133-135).
On the other hand, a recent study by Crandall and Taggart (C-T),
after a lengthy criticism of the earlier estimation attempts
reaches the conclusion that "The cruel economics of the situation

argue for a shift of spectrum from land-mobile to television"

S =y Sm &) = G &8 N

((8) p. 40). Although the authors subsequently qualify this conclusio

o

strongly, the fact remains that allocation decisions are really
a question of valuation of the spectrum resource, and different
methods of valuation would result in diametrically opposite

conclusions.
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The C-T study is valuable as a starting point, not only
because it is the most recent study that attempts an economic
valuation, but also because the authors are both economists
and adopt a conceptual methodology that is solidly grounded
on economic theory. As they point out (pp. 1-2), the origin
of most attempts at spectrum valuation have been engineering
studies, and such studies have produced "a variety of simple,
misleading measures of spectrum value, which result in gross
overestimates of the appropriate shadow price of individual
frequencies". ((8 ), p. 1). The methodology proposed in this
study shares a commom conceptual origin with C-T, but it differs
radically in the measurement component, since this study is
intended as a framework for econometric work, while theirs
worked only with published data. Also, the economic valuation
of spectrum assigned to land-mobiles (as in C-T) cannot be
séparated from the economic valuation of the spectrum devoted
to broadcasting, since the two users are alternative consumers
of the same resource. While C-T.have recognized this inter-
dependence ((8 ), pp. 39-40), and while we broadly agree with
their statements on pp. 40-41, urging the shift of all T.V. to
UHF and the freeing of VHF for land-mobile (at least insofar
as thelr data is concerned), there is no question that the
computation of the economic value of the spectrum devoted to
broadcasting could benefit from a more sophisticated measurement
methodology. To this date the emphasis in the economics of
broadcasting ((2 ), (5 ) (6 ), (1C6), 017, (18)) has been towards the

measurement of programming costs (correctly, since these are
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by far the largest costs in broadcasting). Yet the spectrum
has a direct effect upon operating costs, since, for instance,
the substitution of UHF for VHF results in a higher operating
costs for both broadcaster and viewer.

In this study we shall concentrate almost exclusively
to the question of spectrum allocation to broadcasting and
land-mobiles, since these two competing sectors account for
the bulk of the congestion problems in the VHF and UHF zones.
The fundamental methodology will be the micro-economic theory
of the firm, specifically the modelling of the production
function or the cost function. The various dimensions of
allocation (spectrum and power) are clearly parameters that
may be treated as separate production inputs. These parameters
are currently allocated administratively by DOC, either on
its own (for land-mobiles) or in cooperation with C.R.T.C.
(for broadcasting). The question that we shall take as a
starting point 1s that of the valuation of these inputs by
the firm, that is, given a price parameter attached to spectrum
and/or power, how would the firm's decisions be affected?
It turns out that the production function approach may yield
useful models for actual empirical work.

Of particular interest to us is the set of values of the

price parameters that are equal to the largest possible prices

such that the spectrum users' current production decisions

would remain unchanged. In other words, if spectrum is viewed

2]
O]
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as a renewable natural resource, what would be the largest rovalti

such that the current pattern of usage would remain unchanged?
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Since the user price of the resource at present is equal to
zero, the simplistlc answer based on economic theory would
be that any positive price would entail some reduction in
usage by the marginal user. However, many users (e.g.
broadcasters) operate in sectors characterized by indivisi-
bilities and discontinuities in the production process,
while the prevailing economic environment in those sectors
is certainly very far from perfect competition. At any rate,
the solution of these problems cannot be taken for granted
and the empirical work following this pilot study should

yield at least some partial answers.
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IT Broadcasting

In the area of broadcasting spectrum is an essential
production input in the definition used in (21), in the sense
that no production of output (in the sense of over-the-air
broadcasting), is feasible without a positive spectrum
allocation. On the other hand, given the wide availability
of cable systems in most communities, there is no question
that close substitutes exist for any type of broadcasting
output, although the additional costs associate with over-
cable broadcasting are certainly limiting this type of
competition. The Canadian broadcasting industry is very
closely regulated in both the over-the-air and the over-cable
components, and this fact will have to be taken into account
in any modelling for empirical purposes.

The fundamental hypothesis that needs to be tested
before any spectrum pricing and allocation is decided upon the
existence of economic rents to the spectrum input. To the
extent that the spectrum resource is a public resource these
rents may be taxed away by the imposition of a spectrum (or
license) price, without any reduction of the broadcasting out-
put, which is presumed fixed by the regulators. On the other
hand, license prices are viewed as deterrents to spectrum
usage in the "crowded" VHF region; broadcasters may be en-
couraged to migrate to the less crowded UHF zone if the
spectrum price is at least as high as the excess economic
rents earned by the VHF spectrum resource over and above the

UHF rents, if any. In other words, the spectrum rents if they
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exist are a significant benchmark that needs to be evaluated.

The modelling that will take place (keeping in mind the
fact that empirical research, i.e. a framework for data analysis,
is the ultimate goal), will comprise a number of distinct stages.
The first stage will examine the theoretical behavior of a
firm or group of firms in the broadcasting industry given a
stable institutional and economic environment. Unfortunately,
the actual environment, in which Canadian broadcasters operated
during recent years, was very far from being stable. For this
reason, since the data covers various periods of differing
characteristics, we shall examine in more detail the nature
of the modifications that must be brought to the basic model
in order to make it applicable. Finally the types of data,

as well as their availability will also be briefly surveyed.

In what follows we shall index by j = 1,...J the
firms broadcasting in a given region, and let Q, and Qu < QV
denote the maximum potential audience in that region,
depending on whether the broadcasting takes place in VHF
or UHF respectively. Since, with the current C.R.T.C. and
DOC policies the broadcasters have very little choice in

determining Qv or Q these variables will be considered as

u?
exogenous. Their value is a function of the spectrum and

power allocation, and, henceforth, we shall drop the subscripts
u and v from Q, since the analysis is equally applicable to
both cases.

Let Hj denote the profit of the jth

firm pj its program-
ming costs and FJ(Q) the "other costs" (equipment, labor, and

materials). The firm derives its revenues from advertising,

oy B oy O O Sy 65 Ny o Sy S S O Gy Sn S =9 S e
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and we denote by P(Aj) the 'rate charged by the firm per unit
of actual audience Aj’ the exact function depending on the
method of measurement of the latter. The total revenue,
therefore, is Ajr(Aj). We note that, while the analysis is
identical for all modes of broadcasting, the function r may
be different for differing broadcasting modes (e.g. AM radio,
FM radio, T.V., etc.)

A broadcaster's actual audience Aj’
is clearly dependent upon the total potential audience Q ,
as well as the programming expenses pj. The programming
expenses, on the other hand, are decision variables for the

firm and their choice is determined by profit maximization

considerations. While part of the C.R.T.C. mandate is the
monitoring of broadcasting programming in accordance with
cultural policies, there is reason to believe that the
various regulatory rules (e.g. Canadian content) are uniform
over most stations or areas. Alternative assumptions may

be easily incorporated in the model.

The form of the dependence of the actual audience Aj
upon pj and Q is something that has to be established by
reference to actual data. Obviously Aj is a non—deareasing
function of pj and Q. The total actual audience, ?-lAj
is dependent upon various other factors such as the availability
of alternative programs such ascable T.V. and over-the-air
broadcasting from United States stations. An appropriate
starting set of assumptions might be the following: (a)

The total actual audience of over-the-air broadcasting is
dependent on Q and on the total programming expenses g pD:% &

s=7 9
j=1
D)Subject to this constraint, each broadcaster behaves as if
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the level of his competitors' programming expenses were
independent of his own (the standard Cournot oligopoly
assumptions). Alternatively, instead of (b) we may wish to
adopt (c) Subject to the total audience constraint, all
broadcasters maximize their joint profits by jointly choosing
their programming expenses (a perfect collusion model). These
two extreme cases form two convenient limits, between which
the actual situation probably 1lies.

Assumption (a) is easy to justify. In a given community
the level of total actual audience for over-the-air stations
depends on the available alternatives (chiefly U.S. programs),
whose level can be assumed with a reasonable degree of
confidence to be independent of Pj' An increase in P,

ceteris paribus will have the dual effect of diverting

audience from other over-the-air stations to station j, and
of increasing the total over-the-air audience.
Analytically, we can summarize the structure of the
model as follows:
(1) Hj = AJI’(AJ-) = Fj (Q)
(2) Ay = Ay (pj,Q)
J

(3) ZA,(p,;»Q) =
J=1 j J

for j = 1,..J, where A denotes the total over-the-air audience.
Letting now X denote a Langrange multiplier attached to (3),
we have under assumptions (a) and (b) the following problem:

Bl T, = B g Ll
(4) Max{AJr(AJ) Py 5(Q) J =1,

3
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subject to (2)-(3), while under (a) and (c) we have

J ( ﬂ
’ ) - p, - F, (Q
(5) Max {jil[AJr(AJ) p; - F
P
subject to (2) and (3). The first-order conditions correspond-

ing to (4) are:

(6) r dA, dr dA, dA,  dA
I . J . ]
— + — + M| —-—=1

A . dp. ds
dpj dAJ dpJ pJ

J J
T A, (p,,5Q) = 4-2 P:>» Q
j=1 37 =1 ¢

The solution of the system (6) with respect to (kj, Pj)
given Pi’ i#J forall j =1,..J yields a system of
programming expenditures that must satisfy (3). On the
other hand, if the collusion model (5) is adopted the
first-order conditions become.

&l dA

r dA, dr dAj dAj dA
— Aj + A ey & Ty J2dnsmsd
d dA, dp, dp. .
pj j Py pJ s
J J
T A,(p,,Q) = als P.> Q]
j=19 J j= J

and the solution of (7) yields the collusively optimal set
of programming expenditures.

The first order conditions (6) or (7) may be converted
directly into estimating equations, given an assumed form
of the functions Aj' In the above for mulation, i.e. (2) and
(3), it was assumed that Pj does not affect Ai for 1 # J,
except insofar as total audience is affected, through (3).
Perhaps a more realistic alternative would be to assume

dA,

that A; = As(py,..,Dy,Q)with 35% <0for i # j. This still

-4 U9 SR SR % AN AN o0 an o0 an o o Bt @ anh an R oa
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does not solve the problem of fivting a functional form to Aj‘
The solutions adopted by previous studies vary quite a bit

on this subject. Thus Crandall assumes that in our notation
Aj(Pj) = upj » the dependence on Q being irrelevant in his
case, since he discusses T.V. network programming, where the
exposure is national (( 6), p. 505). In the same vein, Park
in his study of T.V. networks ((13), pp. 608-610) uses 2
rather complicated expression depending on an attractiveness
index for each network, which is an increasing function of-
programming expenditures, the total share of the audience

for each network being equal to a weighted attractiveness
index of a particular network divided by the sum of the
welighted attractiveness indices of all networks. The point
to be made is that there is little Jjustification for choosing
one formulation over another, and the resolution of this
issue will depend on the available data as well as analytical
considerations. For whatever they may be worth, Crandall's
results for audience response to a particular program as a
function of programming costs, which were estimated as

o B » as discussed earlier (j indicating a program), were

P
thgt the estimates of A varied between 4.2 and 2.5, while
B was estimated within the range 0.58 - 0.73. The large
variability of the estimates, as well as the poor fit of
the regression ((6 ), p. 506) necessitate considerably more
empirical work on this topiec.

The fact that needs to be established at this point is
that the C.R.T.C. license allocation defines exogenously a

broadcaster's potential audience Q. Given Q, the broadcasters

choose the programming expendifures optimally, either in

“w @GS o S G T 9 09 S Gy S T o= Sy &y = 09 s e
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oligopolistic competition (Cournot) according to (6) or
collusively, accordingto (7). With these optimal choices
the level of total broadcasting profits gHj becomes a
function of the parameters of the systeézl(for instance r if r is
independent of Aj,other exogenous variables like household
income that may enter the function Aj’ etc.) as well as

total potential audience Q. It remains now to establish.the

link between profit and spectrum and power allocation, and
clearly this link is dependent upon licensing policies.

With present policies broadcasters have very little
choice in determining the area and method of broadcasting.
We have established above that the only licensing variable
that broadcasters are interested in is Q, the number of
potential audience in a given area. Given the area, we have
to establish a link between Q and spectrum and power alloca-
tion, for a fixed signal quality. Denote by

J J
(8) Zll.2 T°(Q)

I~
the aggregate broadcasting profits of all J firms in a given
area, given the optimal choice of programming expenditure.
Let also P and s denote power and spectrum respectively.
We postulate a function
(9) Q = G(P, s)
for a given geographical area, where P takes its values in
a subset of the positive real line, and s is an integer
variable that denotes the technological spectrum usage
alternatives available to the broadcasting firms. Assume,
for illustration purposes, that s can take only two values,
5, and S the UHF and VHF allocations, that G(P, su) < G(P, sV)
for all P, and that P is not a choice variable. Then Q can
take only two values, Qu and Qv’ respectively equal to

G(P, su) and G(P, sv). If, now, license prices are instituted,
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say Wu and WV for UHF and VHF respectively, the effect of the
relative size of wu and WV upon the structure of the broad-
casting industry in that particular region can be computed
as follows. Let Ju and JV represent the number of firms in
the UHF and VHF spectrum in that region. Assume that Qu and
QV are given by (9) and are insensitive to the number of
stations in the UHF and VHF spectrum. This is, of course,
a rather dubious assumption, since there are, undoubtedly,
other variables (such as household income in the area) that
affect Q, and a migration of a station from the VHF to the
UHF spectrum might induce some listeners to convert their
sets to UHF reception. With such an assumption, HJ(Q)
is a decreasing (or, at least non-increasing) function of J,
and the migration of one station from VHF to UHF increases

the profits of the VHF group by the amount

' J -1 J J
(10) v " v - v
B0 QL) e B TIR) % W A AR Y e W
and reduces the profits of the UHF group by
J J -1 J
u u = u
(11) -I 7(Q,) + I (Q) + W, = Al 7(Q,) - W

u
For a migration to take place (10) must be larger than (1l1l),
implying %hat the li%ence price differential must be such that
(12) AT %(Q,) - AL Y(Q,) < W, - W,
An alternative exercise that can be carried out with
the help of the H%Qﬁwnctions is the following. Assume that
no migration from VHF to UFH is intended, but that the
licensing structure must be such that it would encourage

broadcasters to conserve spectrum within (say) the VHF region.

With T.V. broadcasting in mind, we assume that two alternative
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broadcasting technologies are available, with spectrum
usage s and sl< s, and corresponding license prices w and

Wl< w. In this case, however, the technology s1

a conversion of the receilver and let cl be the conversion

cost per receiver. We also assume, as before, that power 1is

requires

not a choice variable, and we want to see the effect of the
imposition of license prices w and Wy - Suppose that the
broadcasters are willing to absorb the cost of the conversion
of a number le Q of sets to the new technology (perhaps by
subsidizing equipment manufacturers or otherwise). The
effect of the license prices will induce a number I iJ of
broadcasters to adopt the new technology. The broadcasting
industry will select Q1 and I by solving the problem.
(13) Max { (J-1) I

3 I’ Ql H (Q) + H (Q:‘.) - JW + I (W - Wl) = lel
subject to
(1) @ 2@, 0:I<7J
In this problem w and wq {as well as Cl) are parameters and
the regulators can achieve any desired pattern of adoption

of the new technology by selecting appropriate values of W

and W -

This theoretical model is conceptually simple in structure
and rigorous in economic thinking. In attempting to apply it,
however, there are a number of important complications, that
might necessitate substantial atlering of the theoretical
structure. The institutional and organizational realities of
the broadcasting industry are such that a variety of modes of
ownership and operations exist within a group of firms operating

in a given area. In what follows we shall attempt to make the
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operational, first by taking care of the complications that
arise from this diversity, and second by discussing the data
needed, as well as potential sources.

A broadcaster may be either independent, or affiliated
with one of the Canadian networks (CBC, CTV, Global, TVA).

If he is independent then he does his own programming, and
incurs the programming expenses of Pj’ An affiliate of a
network, on the other hand, does very little programming of
its own, but it does carry the network's program, together
with part of the network's national advertising, while its

own revenue is derived from the sale of additional local
advertising plus, possibly, some payments from the network).
To the extent that an affiliate does no local programming of
its own (and, therefore, does not incur any programming expenses),
it forms part of the broadcasting firm represented by the net-
wérk, to which it is affiliated. We may, therefore, decompose
the problem of definition of markets, in which broadcasting
firms compete, by considering separately the networks (with
their affiliates) from the independent firms.

Of the networks CBC is a public enterprise, the other being
privately owned. Clearly, the profit-maximization model cannot
be applied to CBC, given the particular restrictions, under
which the latter must operate. For the remaining networks,
two alternative methods of approach may be tried, both represent-
ing approximations to the "true" situation. Each affiliated
local station may be treated as an independent, with programming

expenses equal to whatever it spends on local programming plus
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a portion of the network's expenses, allocated (say) nationally,
in proportion to the total potential audience that the network
reaches. Alternatively, the model can be applied to the nation

as a whole, in which case the networks can be conceived of as

optimizing their profits over the entire range of their operations,

subject to local competition. There are no major analytical
difficulties in such a formulation, but empirical considerations,
such as the availability of data or the varying time periods,
for which data is available in each market, would probably
preclude such an approach. The issue will be left for resolu-
tion at a later date.

An additional issue for the period, from which most of
the data will be drawn (the last decade) is the spectacular
growth in cable TV (CATV) in the various urban areas. This
hgs increased the availability of programming available in
most local markets by bringing in distant signals, especially
U.S. signals, but also by improving the reception quality of
local over-the-air stations for the CATV subscribers. The
current CRTC regulations oblige each CATV company to carry all
local signals, as well as provide some local programming of its
own. As most students of CATV have pointed out (e.g. (15, p. 69)
the effect of the introduction of CATV in a given market means
a decrease in the audience of local over-the-air stations.
To the extent, however, that a CATV system carries the signals
of a UHF station, it does enlarge its potential audience Q,
since subscribers that could not receive "good" UHF signals

over-the-air are now able to do so over cable.
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There is no totally satisfactory way of accounting for
this dynamic change in the economic environment of the broad-
casting firm. The simplest way is to introduce a dummy
variable in the estimating equations to account for the intro-
duction (or expansion) of CATV in a given area. This is likely
to have a rather large margin of error, since every CATV system
takes some time to reach maturity (see, for instance, ( 4), (7 ),
(15), and (17)). An alternative method is to introduce a
separate modelling for the audience of CATV, and incorporate
its results in the estimating equations derived from (6) or (7);
the effect of such a modelling would be to change the functionnal
form of the Aj's. The undesirable consequence would be the
increased complexity of the estimating model, with the correspond-
ing decrease in the accuracy of the estimation.

The large elements of uncertainty present in the estimations
sﬁggest an alternative approach to the problem of spectrum
valuation. Since the direct estimation can (at best) provide
estimates of the dependence of current profits upon various
exogenous variables (such as Q, r, other variables entering
the Aj functions, etc.) it might be plausibly argued that
current profits are a poor indicator of the value to the firm
of the license to broadcast to a given audience Q. This value
should allow for the uncertainty of the profits, due to the
various elements explained above, such as the introduction of
CATV, future governmental regulatory policies, the number of
competing stations in the given area, etc. Fortunately, during

recent years an alternative source of data has appeared, which
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does allow for risk-adjusted value estimates. Such data comes
from the frequent transfers of ownership of existing licensed
broadcasting stations.

In (1), pp. 569=575 the issue of license. tranfers is
discussed within the general context of CRTC policies. Such
transfers have occured very frequently in recent years. For
instance, data presented in (1), p. 570 shows that in the
period 1968-1975 there were a total of 62 applications for
transfers of shares or assets of TV stations presented to CRTC,
of which 45 were approved, 5 were conditionally approved, and
12 were denied. The corresponding figures for AM radio stations
were 158, 1 and 18, and for FM stations 38, 0 and 10. While
these figures betray the existence of wide-spread "trafficking"
in licenses, they do provide for our purposes an important data
base, which allows us toc compute the value of a station after
ailowance for risk, as estimated by the financial markets.

From (6) or (7) it was established that the current profits
Hj of firm j are functions of the advertising rates r per unit
of actual audience (assumed, for simplicity, independent of Aj)’
the number of competing firms J, the potential audience Q, and
the "other" variables entering the functions Aj (Pj’ Q), such
as consumer income Y, the existence of CATV (represented by the
dummy variable C which takes value 0 or 1) and the "maturity"
of the CATV system (represented, say, by the years t since its
introduction). Assume, for simplicity, that the expected profit
accruing to the stockholders E(Hj) is a function of these

aforementioned variables, i1.e.
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(15) E(IIJ-) = (v, Q, 7, ¥, C, £},
The value of the firm's financial assets Vj is equal to E(HJ)
minus the "risk" of Hj’ discounted to the present by the risk-
less rate of interest. The exact form of the relationship is
well-known in financial theory and follows the familiar Capital
Asset Pricing Model (CAPM) of Sharpe, Lintner and Mossin (see,
for instance, (13 ) and (4 ). According to this theory the

value V, is given by

‘ 1
(16) V., =
3% =EMy) - Vb, ERY - R
Rp
where
RF =1 + Tos and ) is the riskless rate of interest (as measured,
say, by the yield on government bonds). E(RM) = the expected
holding period return on the "market" portfolio; in practice

such a return is computed from an aggregate stockmarket index,

such as the TSEI.
bj = the beta of the company, a parameter that will be estimated;

in the case of a publicly traded company bj is estimated as

Cov (Rj’ RM)

- wherec;ZM is the slope of the regression line
2

M

of the company returns versus the market returns. In our case
the broadcasting companies that change hands may not exist for
a long time, or may not be publicly traded, so that this line
of estimation may not be, in general, available.

From (15) - (16) we get directly

(17) Vj [?F + bj E(RM) - RF{] - E(I%) = o(r, Q, J, Y, C, t)
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and taking logarithms:

(18) log Vv, = #(r, @, J, ¥, C, t) - log [RF ¢ by E(Ry) - RF;J
Equation (18) may be applied to the sample formed by broadcasting
stations that were tranfered. The observable transfer value

V. 1s ' a function of the economic variables that serve as
arguments of ¢ as well as the financial variables that determine
the market's valuation of the "risk" of the uncertain returns

Hj that accrue to the firm's owners. As it'can be seen from
(18), the estimation involves a highly non-linear equation,

since the unknown parameter bj enters the right-hand-side of

the equation in the indicated manner. The functional form of

Q is also unknown and, as discussed above, it will require an

ad hoc fitting, given the complexity of the modelling. As a
first approximation a linear or log-linear form of the relation-
ship may be fitted to the data, but the exact specification
should await empirical work.

Equation (18) is a much more satisfactory way of linking
specturm usage to economic performance, since it is no more
arbitrary than the direct approach through (6) or (7), and
considerably broader in its coverage, since it coes include uata
not needed for (6) or (7). The major advantage is, of course,
the inclusion of the financial market's evaluation of the risk
in the company's earnings stream which, as pointed out earlier,
depends on subjective evaluations of future advertising market
structure and CATV penetration.

From the point of view of empirical application, the data

necessary for (18) is the same as the one needed for (6) or (7)
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minus data on the actual audience Aj (and its determinants)
plus the sale prive Vj’ as well as the financial data on the

return of the market portfolio R As is well known from

M
(1), data on Vj’ Q, J, C, t, and elements permitting the
estimation of r are available in the CRTC. Estimates of Y
do not present any problem, while RM (and, hence, E(RM)) and
RF are publicly available in financial publications. In the
case of radio stations the application of (18) is straightfor-
ward, while for TV the sample needs to be split into VHF and
UHF components. In the absence of more detailed information about
the composition of the sample, it is not know a priori if enough
observations are available for the estimation of a separate
equation for each sample. If not enough UHF (say) stations
changed hands to justify a separate estimation, then we need
to adjust Q in order to apply the derived equation to UHF. The
l1ssue needs to be faced at a later date.

A satisfactory estimation of a valuation equation such
as (18) would allow us to predict the value of a license as
a function of the spectrum allocation characteristics (i.e. Q),
the nature of the competition and the state of the financial
markets. This value would presumably represent the expected
amount that a sealed tender auction for a new license would
bring, in the event that the CRTC decides to hold such auctions

in the future. It is also the amount that an original licensee

can be induced to pay without being driven out of business.
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In concluding this section we note that the empirical
task of determining the industry profits as a function of
the observed maximum potential audience Q (which is exogenously
determined with the current allocation policies) is a starting
point for any number of interesting policy questions. Such
questions may be asked either in a pilecemeal fashion, as in
the illustrations presented above, or globally, starting
from a nation-wide pattern of spectrum and power allocation
that allows considerably more flexibility to economic forces.
The advantage of a piecemeal approach is that it facilitates
the transition from the current system of purely administra-
tive allocation to (eventually) a purely economic system,
if such a transition is considered desirable. As Levin pointed
out (( 1&» Dp. 85), the economists' strong bias towards purely
economic allocation systems represents a rather unrealistic

ignorance of the resistance to change of long-established

administrative mechanisms.
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ITIT Land-mobiles

A land-mobile system is a system composed of a base
station and one or more mobiles, together with a transmission
frequency used by the base station. As with broadcasting,
the current DOC allocation polieies hawe allocated frequencies
for land-mobiles in the VHF and UHF zones.

The demand for land-mobiles has grown very fast in
recent years. In most of Canada's metropolitan areas (where
the spectrum congestion problems are presumably acute) the
annual average growth rate of the total number of land-mobile
systems for the period 1973-1977 has ranged from a high of
22.42%, for Saskatoon, to a low of 4.82% for Sudbury, the overall
growth rate for 19 metropolitan areas being 14.13% (QU ),p.15).
Such rates are extremely large, and, if they are real, they point
to serious shortage problems in the very near future. The possibility
of shortages has also been encountered in the U.S., with the
f.C.C. responding to the shortages by opening up new bands
for land-mobiles in the UHF portion of the spectrum ((8), pp. 1-2).
The aforementioned C-T study indicates quite clearly that the
operation of land-mobiles in the UHF region is associated with
significantly higher equipment costs (( &, p.18).

In terms of industrial sectors, for the country as a whole,
in 1976 (as shown in (20)), the percentage wise most important
users of land-mobile systems were Public Administration (20.06%)
followed very closely by Transportation (19.37%). The sectors
of Construction with 13.15% and Services (11.97%)came next,

while Trade, Communications, Manufacturing, Utilities, Forestry

and Mines and 0Oils followed in that order, with 7.84, 7.44, 6.14,



20
5.55, 4.74 and 1.81% respectively. For the purposes of this
study this classification is adequate for some sectors
(e.g. Construction), but too aggregated for others, like the
Services. Further disaggregation is necessary whenever we
wish to arrive at a definition of a land-mobile using sector
with a relatively homogeneous product and production technology.

The current allocation policies of DOC leave very little
discretion to the users. Each user is allocated channels on
a non-exclusive basis, depending on the perception of his
"needs" by the appropriate DOC authority. Obviously, there
is a discrimination in favor of older users (at least in the
case of private users), since these users broadcast in the
"congested" VHF zone, where the equipment costs are lower.
Similarly, since DOC monitors the actual utilization of each
qhannel, as well as the technical parameters of broadcasting,
the congestion is not allowed to exceed certain limits. The
result is that the older VHF users enjoy some advantageous
position with respect to equipment costs vis-a-vis the more
recent UHF users.

From the rates of growth presented in (20 and (23) for
the various metropolitan areas it would appear that the land-
mobile spectrum congestion must have reached critical proportions
in at least some of the important population centers of the
country. Surprisingly, this does not turn out to be the case.
In a recent DOC report ((3 ), section 3.3) daté is presented
for the city of Toronto, that shows that, of the 1,000 "assignable"
frequencies in Toronto, nearly two-thirds are occupied less

than 20% of the time. The comparable data for Ottawa is,
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needless to say, much lower. The first matter that needs
to be examined, therefore, is whether it is possible to
improve the frequency assignment procedure in order to
equalize the load of the various channels.

It looks as if DOC is, at present, aware of this
variablility, and is taking initial steps to correct it by
monitoring selected channels in various cities ((3)).

In our opinion though, the variable of highest economic

interest is not the channel occupancy, but the average waiting

time for messages' transmissions since this variable is
directly related to the loss of operating efficiency due to
congestion. Oueuing theory establishes the fact that average
channel occupancy is derived from the characteristics.of the
distribution of message interarrival times, as well as the
distribution of message lengths. If we wish to adopt the
éimplifying Poisson-exponential assumptions (for the number

of arrivals and the message lengths) the average message
arrivals and message lengths are sufficient to establish the
average channel occupancy. Conversely, with the same simplifying
assumptions, given the average channel occupancy and the average
number of messages arriving per unit time, it is possible to
generate most parameters of interest, such'as for instance,
average waiting time. The monitoring process currently in
operation records data on the distribution of the number of
messages per unit time, as well as channel occupancy. JSuch data
may, therefore, be used in order to extract estimates of the

distribution of the waiting time by means of a suitable queuing
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model. The main research, therefore, should, in our opinion.
study as a priority item the variability of waiting times

across channels in several locations and, if possible, check the
correlation of waiting times and channel occupancy, since the
latter seems to be the universally most popular measure of
channel congestion.

A second consideration refers to the components of the
observed extraordinary growth in land-mobiles, which does not
seem to have caused, to this date, any arppreciable congestion.
This growth appears in both the number of land-mobile systems
(as in the Quasar study, (20)), as well as in the total number
of land-mobiles, as in (23) and (24). Unfortunately, the
periods covered by the two studies are not comparable, so that
no inferences may be made as to the components of this growth,
i.e. whether the number of mobiles per base station has grown
6r not. This is another element that needs to be determined.

In comparing (20) and (23) certain similarities begin
to emerge. In both cases, for instance, the Transportation
sector seems to have declined in relative importance, while
the Construction, Services and Trade sectors have certainly
increased (as percentages of the total). The figures for the
other sectors are in conflict with each other. The question
that arises is what form this growth is taking. Does it
consist of adoption by more firms of the technique of using
land-mobiles, or does it consist of the addition of new
frequencies and/or more radio mobiles by firms already equipped

with a land-mobile system? This type of question is very



29

important in projecting future growth, since in the former
case we can forecast with an appreciable degree of confidence
that, for instance, the growth in land-mobile systems used
by the Construction sector is going to moderate considerably
in the near future. There is a given number of construction
firms in Canada at this moment, their number does not grow aﬁ
a rate approaching even remotely 22.6% per year, so that once
the sector is saturated the growth will be very much reduced.
Tt hbwever, existing firms accumulate more than one frequency
then there is no reason for the high growth to stop. This
question can be answered very simply, by studying the data in
the Integrated Radio Licensing System (IRLS), or the Domestic
Frequency List (DFL), and should be also examined as a priority
item in the main study.

Finally, and most important, the extraordinary growth in
iand—mobiles (whether total licenses or systems) may not have
caused any appreciable degree of congestion because a large

part of it may be due to non-congesting uses of spectrum. For

instance, many firms use land-mobiles for intra-plant security
and maintenance operations; the power allocated for such intra-
plant uses 1s sufficient, in typical cases, in order to cover a
half-mile radius around the base station, and does not affect
other spectrum users beyond this area. The interesting thing

about these users is that they are all on the same group of

frequencies in every district office and, sometimes, across

the entire country. In other words, if a large part of the

growth in spectrum usage is of the non-congesting, intra-plant

type,all dire predictions about impending spectrum shortage
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may be rather premature. The same thing may be true toc a lesser

extent with the growth in the usage of paging devices, which
are also segregated in separate frequencies.

The point to be established -at the beginning of the main
study 1s that the starting hypothesis of spectrum scarcity

(actual or potential) is a sine qua non for the economic

analysis that will follow. If the spectrum is in plentiful
supply then economic theory postulates that its rent is zero,
that no price mechanism is necessary to "ration" its usage,

but only in order to recover the costs of managing the allocation
(the situation is different in the case of broadcasting, because
there the license is also a barrier to entry by potential
competitors). Even if the projected spectrum shortage will

come much later than initially thought, this fact is by itself

of tremendous interest and should not be neglected. We propose,
gherefore, to examine as a priority item the growth in land-

mobile systems net of non-congesting uses such as intra-plant

and paging devices, as explained above, by subtracting the growth
within the frequency.bands set aside for this purpose.

The foregoing should establish the fact that we believe
that the case for imminent spectrum scarcity in some areas
(as expressed in ( 20 and (23)) is not sufficiently strong at
this moment and warrants further study. In what follows we
shall assume that the additional evidence does indeed confirm
the fact there is still appreciable congestion and delay in
communications even after the adjustments and reassignments
expalined above. We shall, therefore, proceed with the economic

analysis, even though it might turn out to be unnecessary.
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OQur problem here is to forecast the sectoral spectrum
usage growth pattern due to land-mobiles under current alloca-
tion policies, as well as the resulting modifications of this
growth pattern i1f some sort of pricing system is adopted. We
shall adopt the production function approach, which is
conceptually simpler here than in broadcasting, but, on the

other hand, more complex empirically, since there are more

sectors to examine and these sectors are more heterogeneous.

Every land-mobile using firm contains a base station
as well as a number of mobiles. We shall conceive of the

mobiles as production inputs which, in cooperation with other

inputs produce the firm's output. An indispensable production

input is a communication and coordination (cc) spectrum

input, whose size for any given number of mobiles may be measured

by, for instance, the number of channels per
moblile in the frequency used by the firm; other possible

measures will be discussed below. To the extent that the

same channel may be used by more than one firm, the operations
of the sector are characterized by external diseconomies, since
an expansion of some firms without a compensating increase in
the spectrum allocation would cause a reduction in the cc input
of any individual firm. It 1is also easy to see that all
mobiles may not represent an equal loading for a given channel,
since their average contributions to channel loading are

rather unequal. For instance, data presented in the C-T

study shows that the average channel occupancy for land-
mobiles in Chicago in 1974 in the VHF zone varied from a high
of 0.692 for the Motion Picture service category to a low of

0.059 for Press. Even within a relatively homogeneous service
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category, such as Taxicabs, there corresponded to an average
channel occupancy of 0.489 a standard deviation of 0.366 for a
sample size of 26. There is no data, on the number of mobiles
that had been assigned to each channel, but the C-T study
implies that an effort was supposed to have been made in the
assignments in order to equalize channel loading.

These results suggest that measures such as channel

occupancy or average waiting time might be better indicators
of the cc input than the channels per mobile, but in such a
case there is a need to link such indicators to the factors
that determine their size. One such factor is the afore-
mentioned number of mobiles per channel, but clearly the cc
input is also influenced by output, in the sense that a higher
level of activity of the sector would also cause a reduction
of the cc input. To simplify the analysis we shall assume
at this stage that the sector under consideration has
exclusive use of the channels allocated to it.

Let 1 = 1,...,I denote the mobile using firm, a4 its
output, n the number of mobiles, Ki the capital (other than

mobile units)used in transmission), X, the vector of "other"

i
inputs (labor, and materials), h the cc input, however that

may be measured. We then have

(19) qg < F(X;, Ky, n,,h) ow T X
(20) i R
h =@ ¥ 479
m

where m 1s the number of channels allocated to the sector.
The function G is non-increasing in both arguments. As for
the production function, it follows the usual neoclassical
properties. In addition, the technological realities of the

use of land-mobiles show the following ((8), pp. 12-25).

a) There is some substitutability between h and Ki in the form
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of better equipment, for instance by a narrower splitting of
the bands. The current allocation policies, however, remove

all incentives for such a substitution. Another possibility
is the use of repeater stations, or migration to the less

congested UHF bands, with a concommittant increase in capital
outlays.

b) In most cases, there is some substitutability between

the number of mobiles Ny and h and Ki‘ For instance Plotkin
((ly), p. 31) quotes an FCC report to the effect that "three
radio-equipped vehicles can do the work of four vehicles not
so equipped in most situations"™ In other words, in our
notation, F(X., 0, Epi, 0) = F(Xi’ Kis Ny h), for some range
of values of h. Cogversely, if h is lowered because of
congestion it is possible to achieve the same output by
increasing n, -

¢c) It is not unreasonable to assume a separability of the
production function (19 ) under the form

1) F(Xi’Ki’ n s h) = F(Xi’ Ny D(Ki’ h)

where the function D represents the contribution to production
of the entire mobile communications system within the firm.
While h is an index of the quality of the spectrum input, and

K. represents the capital used in transmission, D 1s the

3
"output" of the information transmission mechanism.

With assumption (c) expressed by (21), assumption (b)
implies a substitutablility between n; and D. Our purpose is
to extract estimating equations out of (19) - (21). Suppose
that p represents the output price, W the vector of "other"
input prices, r the price of Ny and that our data consist of

I firms in the same geographical region (facing, therefore, the

same prices), for t = 1,.., T periods of time; the subscript
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W

i characterizes all observations in the tth period. Assume
also that the industry is characterized by perfect competi-
tion, and that DOC "manages" the spectrum allocation in such

a way, that the information transmission function D is the

same for all firms in the industry during the same time period,

independently from their transmission equipment. Then the
production function becomes independent of Ki’ Corresponding

to the production function ( 19 we have a profit function

gross of the transmission equipment expenses, which takes the
following form:
(22) Tl'i = 'n'i (p’ W, r, h)

and the aggregate industry profits during period t become
I i

(3) mg = I Typ = I M(pe,Weorp,hy) = m (py,We,r,h)
i=1 i=1
where
I I

(24)
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The system (23)) - (24 ) is still not estimable in this
form. To convert it into a system of estimating equations

we use the convenient property of profit functions known as

the Hotelling-Shephard Lemma ((g), (16): The derivative of

the profit function with respect to an input or output price
is equal, correspondingly, to the derived demand for the
corresponding input, and the supply function for the firm's

output. Then instead of (24) we have
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(2:2) and (25) form now a system of two estimating equations,
with prices and the channel allocation m, as the exogenous
variables, which completely specifies our industry.

For estimating purposes a variety of alternative
functional forms (e.g. Cobb-Douglas, translog, Leontieff,
etc.) are available for (23) but (24) or (2%) require a
micro-study of the particular queuing process. C-T and
especially, Plotkin ((¢), (1Y), Chapter V) have given
examples of the usage of the queuing systém's parameters in
computing cost savings. In our case we need a linkage of
the firm's output and number of mobiles with the frequency

at which messages arrive in the system (the inter-arrival

time of the queuing system), as well as with the average
length of a message. (the service time), if such a linkage
exists. While the formulation of specific equations should
ﬁot present any problems in particular cases, a general form
applicable to all types of industries would, in our opinion,
introduce unnecessary assumptions and require some testing
before being adopted.

Suppose now that ( 2% - (5 ) have been estimated in
the indicated manner, and their functional form is, thus,
specified. The system ( 23) - ( 24 may now provide an estimate
of the derived demand for the spectrum input, i.e. the number
of channels m, assuming that price s (in $ per channel per
period) is charged for the use of the channel by DOC. In such
a case the use of the channels allocated to them becomes
proprietary to the firms in the sector, and the number of

channels that they wish to purchase is now an endogenous
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variable. The total profit of the sector becomes now I - sm,
and the firms purchase the number of channels that maximizes
their profits. The first-order conditions are now (ignoring

the fact that m is discrete)
3dll(p,W,r,h) 293G Zni
6 ) S = i
dh B(Zni ) m2
m

where the subscript t has been omitted for convenience. If
desired the number of mobiles, as well as the arguments of G, can
be expresed in terms of the prices, if we use the Hotelling-
Shephard Lemma,

We can now discuss briefly the relaxation of some of
the assumptions used in constructing the estimating system
(23 - (285, although a more complete specification would
depend heavily on the particular sector under consideration.
Suppose, for instance, that channels are not assigned exclusively
to a single sector, but that the c¢hannels are shared between
J sectors, without any consistent allocation pattern (other
than having the same h). Then all J sectors have to be
estimated simultaneously, with an equation such as ( 23) being
applicable to each one of them, while (24 or ( 25 would still
be valid, but it would now have J arguments (aggregate outputs)
replacing the second argument in ( 24). The difficulties are
technical rather than conceptual.

The second assumption to be relaxed does not affect the
empirical work but has important conceptual implications
concerning the pricing equation ( 26). Suppose, for instance

that DOC introduces some flexibility in its spectrum allocation
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policies, allowing firms to "purchase" for channels on an
exclusive usage basis either in the VHF or the UFH portion
of the spectrum, with the freedom to use their own technology.
For simplicity, assume also that the function D(Ki,h) of
(21) has exactly two values, D(Kiv,h) = hv’ or D(Kiu’ h) = hu’
flor Kiu > Kiv’ the subscripts u and v referring to the UHF
and VHF spectrums respectively. Let also k denote the price
of the transmission capital. Given an existing channel
occupancy pattern, a new firm would choose the UHF spectrum
40f
(27, H(p,w,r,hu) - kKu > H(p,w,r,hv) - kKV .
if the charge for spectrum usage is the same for both parts
of the spectrum. The modification of (27) to account for
differential pricing of the spectrum is cbvious. We note
that we need here two equations like (24}, one each for UHF
and VHF.

As a final point we discuss the assumptions of perfect
competition, implicit in (22), and of the additivity or
existence of an aggregate profit function for the sector, as
in (23). None of these assumptions is, strictly speaking,
necessary on a conceptual level, since the same oligopoly
model as in the case of broadcasting may be adapted to our
purposes. Since perfect competition is analytically more
convenient, however, and since most sectors heavily represented
in land-mobile usage (taxicabs, trucking, construction, etc.)
are thought to be closely approximating the competitive model,

we believe that it forms a convenient starting poilnt.
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v Sectoral Studies for Land-Mobile Usage

In applying the model descrived in the previous section
three sectors present themselves as obvious candiaates:
Transportation (including Public Utilities and Communications),
Construction and Public Administration. These three sectors
account for close to 65% of total land-mobile usage in Canaua,
however that may be measured. ((20), ppr. 12 and 14). 1In
addition, they present the advantage of being fairly well-
defined and (comparatively speaking) homogeneous with respect

to product. /e proposed, therefore, that, should the hvpothesis

of spectrum scarcity be validated, these sectors be studieu as

far as their future land-mobile usage is concerned. The mouel
developed in the previous section may serve as a starting point
for econometric investigation in most of them.

For the Public Administration sector (i.e. police, firemen,
other municipal services, etc.), while the profit function
approach is, of course, no longer applicable, the modelling
of the production process, under appropriate assumptions, may
still yield estimating equations, for spectrum usage. We shall
exanine the case of police in some detail, the other cases being
similar.

Equations (15) and (16) are still applicable in the police
case, except that a conceptual problem exists with the definition
of "output" which is multidimensional. 1In general, we shall
assume that the police output is a function of a number of
socioeconomic variables, that define, so to speak, the "demaau"

for police services. Such variables may be, as in (12) and (22)
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population, area covered ov the police activities, econonic
activity in the retail, wholesale and service establishments,

n

percentage of "vounqg" people (savy under 25 years of age), etc.

Instead of the profit function (lg) a cost function may oe

v

defined corresvmonding to (15) (since the output is now exogenous)
and used in the empirical work. Given that specified demand
function from police services, the estimating equations woecoine
now

(28) € = C(q, W, ¥, h)

(29) o = D(E)

where E represents the vector of socioeconomic variables referred
to earlier, and W, r and h have the same meaning as in the
general case. If necessary as it will be explainec further on

in this section), the spectrum input qualitv variable h can be
replaced bv a function such as (20), with arguments the numoer of
veﬁicles per channel and the output g. Needless to say, the
ilotelling-Shephard lemma is no longer valid, and (21) has to be
modified bv introducing D(E) as the second arcument of G.

A number of issues ancillary to this research have a direct
effect upon the assumed shape of the function C or D. For
instance, the cuestion of economies of scale in police services
is reflected directly into the cost function: if there are no
economies of scale (constant returns to scale or linear homogeneous
production) then C(g, W, r, h) is linear in g (average cost
constant with respect to g). This issue was examined in depth
in (12) and (22), but the results of these two studies tended
to contradict each other. Further, the exact definition of

the variables that compose the vector E will be left ton be
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determined empirically. We have used as a starting point the
ones used in (12), but this initial list will undoubtedlv be
subsequently modified. Finallv ana from the empirical point
of view, all variables are easily available either from
nmunicipal expenditure data or from other publicly available
statistical sources.

The Construction sector is typically composed of small
or medium-sized firms, and it has experienced a larme growth
in its use of land-mobiles, as documented in (20) and (23).
As noted in (23), a number of technological developments in
the industry, such as the increased use of prefabricated materials,
the increased proportion of high-rise in relation to total
residential construction, and the increased use of cranes and
other heavy machinery, are responsible for this growth. By 1976
the total number of land-mobile systems used in Construction in
thé 19 main metropolitan areas of the country amounted to 2,204.
As mentioned earlier, the high growth in the adoption of these
systems by the Construction sector in recent vears (22.64% per
year over all 19 metropolitan areas according to (20), p. 20) 1is
most probably not sustainable in the long run, since there is
a limited number of construction firms, and once all of them
are equipped with a land-mobile system the only possible growth
would be through a growth in the number of firms. This conclusion
is valid under the assumption that most past growth was due to

existing firms adopting a land-mobile system for the first time

and not to land-mobile using firms acquiring additional fre-

quencies; this assumption should be investigated empirically for



b1
all sectors.

There are no particular proolems about the application of
the general model of the previous section to the Construction
sector. The sector is well-defined and homogeneous and the
assumption of perfect competition is most probably justified.
Inputs, outputs and prices are all well defined and data for
these variables is publicly available. Subject, therefore,
to the caveat on the non-existence of congestion (see below)
the estimating equations developedu earlier are applicable here
without further modifications.

Similar consicerations apply to the Transportation sector,
together with the related sectors of Communications and Public
utilities, with the difference that the sector is no longer
homogeneous. Illence, the empirical estimation should be carried
out in relatively homogeneous subsectors such as Trucking. There
is no reasons to repeat the earlier analysis, since very little
conceptual novelty is involved here,

WWe conecludethis section by pointing out the consegquences
of proceeding to empirical estimation without examining the
existence of congestion in a given spectrum=-using sector.
Suppose that no congestion is present during the entire period
from which the data is drawn. Then the observed spectrum quality
input b in (20) and (21) becomes aprroximately constant and

t
subject only to random variations for all observed levels of

Similarly, the profit function (19), given that all firms in the

group use spectrum, becomes independent of h for estimation
t




)

purposes, since h is approximately constant for all.ébservations
: N :

An interesting empirical work in such a case would be the estima-

tion of profit functions for two different samples of fifms,,

in the industry one using and the other not using land-mobiles

in their operations. The data collection problems in such

cases, however, are likely to be severe,

o
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V. Summary of Proposed Research and Discussion on the-Valuation

of the Spectrum

We conclude this report by summarizing the steps outlined
in the previous sections which are, in our opinion, necessary for
the development of the main research. In so doing we shall also
réiterate the basic premises that led us to undertake the examina-
tion of the items treafed in this report.

The fundamental concept'is that of of a scarce resource
(the spectrum), allocated administratively among competing uses
of varying economic and technological chafacteristics. In exami-
ning the value of this scarce resource we have to examine each’
using sector, since all such sectors are contributing to the

scarcity. We identified as a target area of actual or potential

scarcity the VHF portions and UHF of the spectrum, and as major
types of users the broadcasting industry and the various: land-
mobile using sectors. |

In the main body of the report we examined in detail
the microeconomic structure of these types. of spectrum users
and we outlined some proposed methods of estimation, that will
be also summarized below. In this final section we shéll'also
establish the links between the proposed estimations and the

question of spectrum valuation, that forms a major target of this




report. These links have already appeared in various parts of
the report and our purpose here is to discuss and summarize
them.

Economic theory postulates that the value of a resource

is equal to the contribution to total product of an additional

unit of the resource (or vice-versa, the reduction of total
product resulting from a reduction of the resource by one unit).
This marginal value of the resource can be derived from the
empirical work suggested in the body of the report, as we shall
now establish. Before proceeding to this, however, we note that
the marginal value of the spectrum with the current policies and

practices, would probably be higher for broadcasting than for

land-mobiles, and, within each category of service, will be higher
for VHF than for UHF. The latter is, of course, obvious, but

the validity of'the former statement can be easily established

by the following reasoning. As things currently stand, the
acquisition of additional spectrum for land-mobiles will reduce
the congestion (if any) of the channels already in use thus
benefiting all existing users. Since no restriction in the

number of users 1s currently enforced (nobody is presented from

acquiring a land-mobile license if he so desires), and since it

has already been argued that congestion is currently rather '"small",

the value of additional spectrum denoted to land-mobiles is likely

|
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to be close to zero. In broadcasting, by contrast, an increase

in the VHF spectrum will create additional users in a given area,

" so that the marginal value of the spectrum in broadcasting is

the adjusted value of an additional license in a given area(to
be defined more precisely below)minus the reduction in value of
existing licences. From the data in {1] this figure appears to
be positive, at least for the VHF zone. |

The proposed empirical work for broadcasting may be

summarized by the following steps:

(i) Estimating equation

(18) 1log Vj = log ¢(r,Q,J,Y,C,t) - log [Rp + bj(E(%%>—RF)]

(ii) Collect data on sales prices for TV, AM and M radio
stations. Classify this data by type (e.g. UHF and VHF TV, AM
and ™M radio, etc.). (18) will be applied to each group thus

defined. Let Vﬁ be measured by the sales price of the station.

(iii) TFor each station let the potential audience Q be
measured by (say) the A- or B-contours. Let Y be measured by

the per capita‘income of the region in question during the year

of the sale. TFor TV stations let t be measured by the number of
years from the date CATV was introduced till the date of the sale.

Let J denote the number of competing stations of the same type
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within the contour. Finally, let r be measured by total adverti-
sing revenue of the type of station under consideration divided
by a measure of viewing frequency (such as Nielsen rating) during

the year of. the sale.

iv) Tor each station let Ry be measured by the QbsePVed
yield on government securities at the date of thevsale of the
station. Let E(Rﬂ), the average yield on the market portfolio,
be measured by the average return of the TSEI during the months
before the date of the sale.

v) Estimate (18) with the data collected in steps
(ii) to (iv) by finding an appropriate functional form for ¢,
as well as the value of bj'

vi) Given the functional form of (18), find-for each
type of stétion the average value F(Q) of the physicalvcapital
necessary for broadcasting. (This information is collected
annually for each license holder by Statistics Canada)ﬁr The
value of a license net of the physical investment is \Giminus

the physical capital invested. i

vii) Given the functions ¢ and bj the value of an

. . . . 1 .
additional license in a given region that has already J' stations

of the type under consideration can be computed as follows: the

1

new license will have a risk adjusted value equal to

-1
[Rp + bj(E(R-VI)"RP)] ¢ (r,Q,J + 1,Y,C,t)

~
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Let also 4A¢ = ¢(r,Q,J,Q,Y,C,t) - ¢(r,Q,J+1,Y,C,t), the

decrease in value of each existing license (unajusted for risk).

.Hence, the total additional value (including the physical investment)

is equal to

v = L [6(r,Q,J+1,7,C,t) - JAd}

Rp +b (B(Ry)-Rp

The value of the spectrum now (in $ per unit, where each

unit is.eqﬁal to the number of channels necessary for the station
in question) is equal to V - F(Q), where F(Q) is the value of

the physical investment necessary in order to reach the potential

)

audience Q.
viii) We note that the value of the spectrum in broadcasting

cannot be separated from the political decision to allocated power

to the station sufficient to reach its potential audience. Similarly,

although we subtracted the value of the physical investment and

computed the value of the spectrum (or, rather, of the license

to use the spectrum in broadcasting) as a residual, the spectrum
is really complementary to the physical iﬁvestment_and should be
treated as such.

For land-mobiles the situation is consiaérably more
complex. In contrast to broadcasting, demand for spectrum usage
(at, virtually, zero price) has been left to proceed unchecked,
and DOC has responded to the gfowth in démand by simply opening

up more frequencies for land-mobile usage. The empirical problem



problems to be examined in the main body of the followéup research
can be divided in the following parts: a) Estimate the growth

in demand with current policies, as well as the contribution of

the spectrum usage to total economic welfare. b) Esfimate the
value of the spectrum as a function of exogenoué'variaﬁles, again
under current policies. c¢) Find a way to project the‘spécfrum
usage pattern under hypothesized spectrum pricing policies._ The
previous sections of this report dealt with (a) and (e¢), hence
we shall have to discuss (b) at some length. The propdsed research
will follow different stages, each one of them dependiﬁg on the
results of the preceeding one. '

Suppose that we have a land-mobile using secté? in a
given area, where all firms operating in that sector ha;é already
adopted land-mobiles for a number of years in the past.f As we

have established, the sector's total profits will be a function

of the spectrum quality input h, given that this inputyhas been

both observable for some time in the past and has varied "appre-
ciably" during the period. We have already identified %s a
satisfactory proxy for h (an index of "poor" quality, pérfectly
negatively cérrelated with h) the waiting time (either éverage
or peak). On the other hand, we have also established that h
depends on the number of mobiles per channel, as well as total

output of the sector. Suppose also that the estimating éystem

-\-
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(23)—(25) has already been estimated. Then the value of the
spectrum (in $ per channelj is given by (26), i.e. it is equal
to: (increase in sector profits per unit decrease in wéiting
time) times (drecrease in waiting time corresponding to an
additional channel made available to the sector). In what
follows we shall explain why this eiegaﬁt and rigorous method
is notJlikely to be of much help in our case, and we shall offer
some imﬁerfect but practical alternatives.

_Analytically, the proposed empirical work for land-
mobiles\may be summarized as follows:

i) Examine raw data on channel occupancy and number
of arrivals from the chaﬁnel monitofihg process in selected
district offices. Such data exists, atvleasf in the Ottawa and
Toronto district offices, as evidenced by [3]. Convert the data
into waiting time distributions (this is done through the SRI
progrém) for each channel. Examine the cohsistenéy of these

distributions across channels in a given area. Compute the

following statistics for each channel: average waiting time,

peak waiting time and again examine the distribution of these

statistics across channels.

ii) Consider the following questions:
(a) Does congestion (as measured by waiting time)
currently exist in any channel in the areas under study?

If the answer to this question is no then the current

value of the spectrum (and, by extension, the value in

previous periods) in land-mobiles is equal to zero, since




increasing the number of channels devoted to 14
will not increase economic welfare. If the ans

yes in some channels (we already know that cong

does not exist in all channels, or even in most

then consider question (b).
(b) Can congestion be eliminated entirell

reassignment? If the answer here is yes then a

nd-mobiles
wer is
estion

channels)

y by

gain the

current (and past) value of the spectrum devoted to land-

mobiles is zero, and our only concern is with p

redicting

future congestion and with anticipating the timé, when

the value of the spectrum will become positive.

(vi)-(xi) below. If the answer is no then proc

ced to the

estimation of the current value of the spectrum by the

following steps (iii)-(v) below.

iii) Given that a "significant" waiting time (
average and peak) exists in a number of channels, run t

following regression across these channels.

[Waiting time in channel] = ay

The estimation of a, and a, will make it possible to fi

both

he

+ aq [Number of mobiles in channell].

nd the

reduction of writing time due to an increase in the number of

channels. The regression should be applied with both a

and peak waiting times in each channel as dependent var

verage

iables.

See‘steps
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iv) From the above regression we know that

A[Average waiting time in all channels] =-a;h [Average number of

mobiles per channel agrOss all channels], where the LHS denotes

the difference (reduction) in the a&erage waiting time created

by the reduction in the average numbef of mobiles per channel,
which is, in turn, created by an increase in the channels allocated
to land-mobiles. Sincg a, was estimated in the previous step and
the number of land-mobiles on ail channels is known the LHS can

Be found straight-fowardly.

v) The value of the spectrum with current congestion

levels is an imputed value to the reduction of the waiting time
computed in step (iv) above. This imputation is subject to the
well-known limitations and inaccuracies attached to similar -
exefciSes, but a starting point already exists in the literature
due ‘to the work of Plotkin([19]; see also fhe summary in [8], p.34).
for a tfuéking firm Plotkin has estimated the cbéts of delayed
transportation due to congested radio frequencies, as a function
of the labor costs, equipment costs and vehicle speed. The
estimation is based on a queding model that assumes that meésages
arrise according to a Poisson process at a rate of A , and mean
message length of 1/u. Thus, with Plotkin's data an average
message length of 10 seconds and a message arrival rate of 1.2
per minute (corresponding to an occupancy of 0.20 and an average

waiting time of approximately 0.20 minutes) yields annual congestion



costs per channel of the order of $1,381 U.S. The relationship

fitted by Plotkin between average waiting time and congestion
costs is highly non-linear but conceptually fairly simgle. Giyen
the reduction in the waiting time per channel computediin step |
(iv) the Plotkin estimates yield a corresponding reducéioﬁ in
cost of congestion per channel, whiéh, multiplied by tﬁe number
of channéls, yield the value of an édditional channel %llocated
to land-mobiles. A few additional remarks on spectrum %aluation
are in order at this point. First of all the results o& the
Plotkin estimation show that occupancy and waiting timeimust
rise "substantially" before the costs of congestion wouid become
"appreciable". As discussed eérlier, at least two thiras of

the Toronto channels were below the level of occupancy gf 0.20
used in the numberical illustratioﬁ above. More importénf, C-T
present some evidence ([8], pp. 33-36) that show a strobg upwards

bias in the Plotkin estimates, which, in their opinion, should be

considered as an upper bound.

vi) Under all circumstances the future demand for spectrum

for land-mobiles as a function of economic variables needs to-

be estimated. We established earlier the fact that three major
users of land-mobiles are the sectors of Transportation, Construc-
tion and Public Administration. We shall establish the projections

at the level of those three sectors, keeping always in mind that
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- we are interested in spectrum wage insofar as it contributes

td’sgectrum congestion. Hence, from past IRLS data we must

find past growth net of non-congesting uses of spectrum such
as intra-plant use and paging (by ignoring the frequencies where
theée uses are concentrated). From. this resulting net past
growth examine whether there has been an increase in mobiles per
system (base station) and whether there has been any tendency
of firms to acquire more than one frequencies in a given region.
vii) If (as is most likely) firms do not acquire more
than oﬁe frequency then the upper limit in the total number of
land-mobile systems used by a particular sector in a given region
at a given time is equal to the totalinumber of firms in the
sector. in the region in question. If, in addition, there has

been no growth in the number of land-mobiles per system then the

~ total number of firms in the sector and region times the average

number of mobiles per base station yields the upper limit on the

total number of mobiles in the region and éector. If the number

of mobiles per system has grown, then follow step (viii) below.
viii) The increase in the number of mobiles per system

ceteris paribus would increase waiting times and reduce sector

profits as per system (23)-(25). However, it has already been

established that the current waiting times and, a fortiori, the

past waiting times, are rather low and the losses due-to cohgestion
too small to be detectable by econometric work. Hence, the pro-

duction function approach can be used in empirical work only




in order to project future growth in land-mobile usage as a
function of the growth of the sector if the acquisitioh of addi—
tional mobiles does not increase the waiting times then the
demand for additional licenses per frequency is equal to the
demand for additional equipment that uses mobiles. The outline
of the estimatién will take place iﬁ (ix)-(xi) for the Trucking,

Police and Construction sectors respectively.

ix) Trucking demand for Land-Mobiles: Consider a sample

of firms, each with one single base station frequency, not necessa-

rily in the same pregion, observed over a number of time periods.
From IRLS we have data on the number of mobiles that these firms
used each time period. Assume that each truck was equiped with

a radio. From the Hotelling-Shepard (H-S) lemma we know that

vthe'number of trucks used by the ith firm is equal to aMit

or
where r, is the annualized cost of the truck and Moy is given by

2

(22). Assume, for illustration purposes, a log linear form of
the profit function and fit the following time-series regression
to the sample (omitting the error term).

log . = a, * a,logP + a,logW, + azlogf, + a,logZ,

i
{

where n, = Znit, the total number of mobiles at time t (from IRLS).
1 l

Pt = the freight rate of the trucking industry (in $/miie'ton)
at time t. '

W, = a wage index of the trucking industry at time t.

ft = the price of fuel at time t.

r, = the annualized cost of a truck at time *t.
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" The above equation (which may be fitted on the percentage growth

of all variables instead of the aboslute ievels to avoid auto-
correlation) yields the demand for land—mobiles originating from
those firms aiready using land-mobiles. The total maximum demand
by the trucking sector if all firms in a given region were equiped
with land-mobiles can be found if the total number of land-mobiles
in the region is divided by the proportion of firms in the region
possessing a base frequency.

53iven now the number of mbiles for the sector (current

or maximum) the value of the spectrum in the trucking sector is

a function of the number of channels allocated to the sector

(on an exclusive basis). Steps (iii)-(v) are applicable here without

change.

x) Police Demand for Land-Mobiles: The same considera-

tions apply here, except that the H-S lemma is applied now to the

cost function (28), i.e. n, = %9_ ,
Tt
replaced in (28) by the function D(E). The following regression

and the output has been

is applied to our sample which may be pooled cross-section and

time-series here omitting again the error term.

logn—tt = CO + ClEli + C2E2i + C3E3i + CuEui + CslogWt + Cslogrt

where n, = the number of mobiles used by police in region i at

time t (from IRLS).
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Eli = population in the ith fegion

E2i = area covered by police activities in ith region

E3i = economic activity in the retail, wholesale and service

establishments in the ith region.
E,; = percentage of "young" people (under 25) in the ith region.
W, = average compensation paid to police at time t.

r, = the annualized cost of a police vehicle at time t.

The above equation, (which again may be fitted on the percentage
growth of the t-subscripted variables) yield the total demand

for land-mobiles, under the assumption that all police vehicles

‘are so equipped. Given the demand for land-mobiles and the number
of éhannels allocated to police, the value of the spectrum in the
police frequencies is derived by finding the average waiting time
from the regression in step (iii), computing the reduction in
waiting time corresponding to an increase in the channel allocation,

and imputing a value to this reduction as in step (v).

xi) Demand for Land-Mobiles by the Construction Sector
This is for all practical purposes identical to the Trucking sector.
For a number of firms possessing a frquency over a number of year

let the estimating equation be:

1, + C

1ognJC = CO + CllogPJC + Czlog\/\hC + C3longC + C4 y sl

where n, = Enit, the total number of mobiles used by the firms
i

in the sample at time t (from IRLS).
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P price indéex for new.hOusing at time t.
W wage index of the construction industry at time t
m, price.index for construction matefials at time t.
l£ - price index for serived land. in the region at time t.
+ ‘price index for construction equipment at time. t.

The remards about spectrum valuation made in (ix)-(x) are also

applicable here.

(xii) As a final remark we note that the question of

spectrum valuation with current policies is really a question

of deciding about the relative level of waiting times across the
various land-mobile using sectors. A reduction in the congestion

of a given sector through an allocation of additional channels

- must come through one of three possible ways: a) from another

sector within the land-mobile allocation. b) From brbadcésting.
c) By opening up new bands for land-mobiles. In case (c¢) as long
as new bands exist the value of the specfrum is zero. In case
(b) the value of the spectrum has been determined in the case of
broadéasting. If, however,'we have to remain inlcase (a) then

an economically "optimal" allocation is to attempt to equalize

value (as determined in (iii)-(v)) across all sectors.
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" VI. CONCLUSIONS

As we established in the previous section, the Valuation_
of the spectrum in its various uses is a function of the (essen—
tially arbitrary) administrative division of the spectrum into
non-overlapping bands, with each type of use confined to its own
band. The proposed research outlined in the previous section
aimed at evaluating the spectrum in the two principal uses (broad-
castiﬁg and land-mobiles) examined in this report. Presumably,
the output of such a research can be used in finding the economic
consequences of allocating more spectrum to each one or both of
these types of uses, or shifting spectrum. from one to the othér.
In the latter case the shift is economically justified if the
value of the spectrum in the sector that loses is lower than
the.value of the spectrum in the sector that gains. We have
already~speculated that the empirical work is likely to show
that a shift of VHF spectrum from land-mobiles to broadcasting
is probably going to increase total value. The situation for
the UHF spectrum is a priori unclear.

This kind of reasoning is valid for small, gradual and
marginal changes in the relative allocation. Our valuation metho-
dology is not valid for drasfic changes, since such changes will

alter the estimated coefficients of the regressions. In addition,

drastic changes may trigger other developments with unclear results.



For instance, in the case of broadcsting Crandall and Taggart
conclude in [8] that maybe an optimal allocation would consist
in shifting the entire TV broadcasting industry to the UWHF
spectrum and allocate all VHF to land-mobiles. There is no
data to support such an assertion, but it is safe to state that
the consequences of such a drastic shift cannot be evaluated

on the basis of past results. As an examplevof a consequence,
of all (or,even, most) TV is shifted to WTF the handicap of
HF stations vis-a-vis VHF in terms of the potential audience

Q would alsmost certainly disappear.

Two additional points of theoretical interest need to
be made. The first refers to broadcasting and the identification
of the value of the spectrum with the value of the license to
the broadcaster. Such an identification has the advantage of
yieiding measurable results, but it is an underestimate of the
total value to society, since it ignores the consumer surplﬁs.
The measurement of the latter is feasible, but the method is
lengthy, full of questionable assumptions, and not directly
comparable to the method proposed for land-mobiles. Nevertheless,
for an essentially monopolistic sector the difference between
total and producer surplus is likely to be substantial.

The second point has.been raised before and deals with‘
distributional questions. The spectrum is a public resource,

and benefits accruing from exclusive use of a portion of it by
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a private individual should be treated no differently from the
benefits derived from the exploitation of any other publicly
owned renewable -resource. In the case of land-mobiles the
question does not arise, since the license to use the spectfum_
is not granted to somebody to the exclusion of other users
(except for the relatively minor .efféct of cheaper equipment
for the VHF zone). - In the case of broadcasting, howevér, the
granting of exlusive licenses at virtually zero price creates
pfoducer benefits from the use of the spectrum that accrue solely
to the licensee. We saw that evidence exists that many licensees
have subsequently realized these benefits by seliing the license
and pocketing the proceeds. As already mentioned; the empirical
work proposed in this paper would alléw us to estimate the
expected price to be paid for a given license as a result of a
sealed tender auction.

For land-mobiles we have focused our attention té the

study of spectrum congestion, since we argued that this is what

determine the value of the spectrum in land-mobiles. If congestion
does not currently exist to any "appreciable'" degree, we have

indicated that a projection of the trend of past congéstion

into the future is desirable. Without exception, past studies
have concentrated on projection of the trend of past land-mobile

usage. We have argued that this is likely to be very different




from the trend of congestion, because of the many non-congesting

uses of spectrum. Hence, even simple extrapolation techniques

could yield valuable results, if the data is adjusted as indicated.

Next we examined projections of spectrum usage in laﬁd—mobiles
on a sectoral basis. If it turns out that most past gfowth was
due to new firms in a sector adoptihg land-mobiles, then this
source of growth is going to disappear once all firms in a given

sector and regiona have acquired a land-mobiles frequency. The

forecasted congestion under such a hypothesis is easy to ascertain.

If, on the other hand, part of the growth is due to more mobiles
being added to an existing base frequency, then econometric
models were developed in order to estimate such a growth on a
sectoral basis for three important sectors. As indicated in the
previous section, the whole research is organized into stages,
with each stage being crucially dependent upon the results of

the previous one.
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Review of the Literature

\ Introduction

The difficulties found in the spectrum -allocation seem
due as much to the built—in deficiencies in the allocation
practices as to the inherent characteristics of the radio
spectrum resource.

Most of the allocation practices have been justified
as a means to control interferences [2]. Some of those

practices are:
) Use rights are given by the government;

2) ~ Recipients are not permitted to sell or buy any portion

of their rights;

3) The available spectrum is subdivided and alloted to
specific services. Some portions of the spectrum are
alloted to specific services without a limit to the

number of individuals who can use them; and

u) Government users receive first consideration in the

distribution of the spectrum [1u].
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One of the striking features of the history of frequency
spectrum management has been the failure to recognize the
economic nature of the interference problem. Interference

is not a technical problem peculiar to the use of the

spectrum. It is a manifestation of scarcity, and its analogy:

to other resources, land, labor, and capital is obvious
i2, 12, 13, 14].

Nevertheléss the problem is not as simple as it could
appear from the above remark. Consider a specific use of
the spectrum, ife. broadcasting. A broadcasting program
is an economic object and its consumers and producers are
.economic subjects of a very peculiar kind [30]. Some of the

pecularities are:

1) To avoid interferences (externalities) there can only

be a limited number of frequencies in certain areas,
so that monopoly or oligopoly are inevitable except

in cases of U.H.F. - sound or U.H.F.-T.V.;

2) The marginal cost to a producer of a new listener-

viewer is zero;

3) The economies of scale are very large;
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4) A broadcasted program is a public good with free
disposal;
5) Payment is expensive to collect, i.e. the "cost of

pricing" is far stronger than say the toll bridges

or municipal transport;

6) The unit product in T.V. is very expensive. Programs
are supplied in half an hour multiples, i.e. there are

indivisibilities;

7) Since the article exchanged is either culture, enter-
tainement, information or educaticii it falls under the

category of merit goods, i.e. some individuals are

concerned with other individuals consumption.

It is well known that an economic environment with the above
characteristicé does not allow the existence of an efficient price
system, i.e. a price that leads to a Pareto Optimal allocation. The
problem of scarcity requires a system for allocating resources, in
the first instance to broadcasting and, secondly, within broadcasting,
among types of programs [16]. Consider "Subscription" and "Free"

T.V. as two polar examples of price failure. In the case of

"Subscription'" T.V. why to prevent any family which would receive
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positive pleasure from turning in on a program it ifs marginél cost
to the producer is zero? On the other hand if a zero price is
charged to the viewers it is absurd to think that 'there is no need
for long-run considerations concerning the amount of indivisible
resources to be allocated to an activity to take into account the

opportunity cost of those resources in altermative uses" [25].

Furthermore the problems related to the individual revela-

tion of preferences will make it impossible to achieve the

optimal lump sum tax - T.V. program combinationT Nevertheless,
according to Samuelson, we do not need to be too pessimistic
"To say that market mechanisms are non-optimal, and thét there
aré difficulties with most political decision processes, does
not imply that we can never find new mechanisms of a better
sor%” [24]f

Since Cable~T.V. express their desire by forgoing some
income for the privilege of viewing it has been widely used

as source of information to evaluate the "Free" T.V.-Radio

systems, [3], [6]1, [7], [13]1, [17], [19], [20] and [21].
Cable Television (CATV) has been seen as a "more
rational" means to increase social welfare by increasing
consumer choices. Nevertheless the implantation of CATV
arises two problems: first can CATV pay its way? And second
Is the CATV impact on "Fee" T.V. being compensated by the
increase in the viewing choice? These problems have being

analyzed by Comanor and Mitchell [3], Park [19], [21] and
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Nool, Peck and McGowan (NPG) [17]. In their pioneering
article [3] Comanor and Mitchell estimated demand functions
and prospective profitability for CATV systems. Their model
consists of capital and operéting»cost items specified as
functions of the number of subscribers, number and type of

programs, housing density and penetration (demandas percen-

tage of potential home subscribers). The penetration is a
function of the price for cable services, family income and
number of programs supplied by the CATV relative to the "Free"

television. Revenue is derived from the penetration, system

size and adQertising. Cost are determined by audited accoun-
ting statements and penetration by least squares from a
random sample of existing systems. C-M concluded that CATV
sys{ems will be able to enroll enough subscribers only in
afeas served by less than three commercial statiomns.

C-M and Park [21] assume that price is a predetermined
variable and not a function of the expected subscriber penetration

of the system contradicting the fact that higher penetration for given

cable plant investment will lower the average cost of perfor-

ming the cable services, and, therefore, the price which
cable owners must charge in order to cover their total costs.
Furthermore estimating demand functions by assuming that

the price is predetermined leads to biased estimates of the

price coefficients.
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)

The demand e@uation for Noli, Peck ana McGowan tNPM)
is the only one that is built from a "basic utility -
maximizing model of decision making by the individual potential
subscriber'" [17%]. NPM's estimating equation is based upon
a Cobb-Douglas utility function in '"quality of television
service'" and expenditure on other goods. Their estimates

of ultimate penetration in the 100 largest markets are only

slightly above the predictions derived from the C-M's-model.

On the other hand, the estimates of ultimate penetration

based upon Park's model are on the order ofitwo—third [19]
to one-half [21] of those presented by NPM...

C-M [3] and Park [21] are pessimistic about the prospects
for CATV in the U.S. major urban markets. C-M predicted that
few cable systems would earn as much as 12 percent on capital
before taxes. Park's conclﬁsion was gloomier since he fore-

casted subscriber penetration levels still below those deter-

mined by C-M. On the other hand, according to NPM CATV will

be highly profitable, generating an above normal profit of

$500 M. and a consumer surplus of $1.7B. annually. Never-
theless they cautioned: ”Tﬁese profit estimates should not

be regarded as definitive for both the costs and the revenues
assumed in Table 6-2 can, for any particular system, be

grossly in error, ..." [17%, p. 157].
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T.V.-Radio networks 0peraté\as intermediaries between
their affiliated stations and the suppliqys of programé.
Networks?buy the programs and pay.for the system iﬁter~
COnnéctiOn. Networks and affiliates share the advertising
revenues generated by the programs. Network behavior has
been studied in [1*], [4], [8], [lé*], [17%1, [20%], [22],
[27%], and [30%]. |

Is this network organization compatible with the welfare

criterion the more program diversity the better? Steiner

[27%] proved that competition among networks may lead to

duplication in programming if it is assumed: (i) that indi-

‘'viduals would listen only to their preferred program type,

(ii) that stations will seek to maximize audience and (iii) .
that as many persons as possible should receive the programs'

they are willing to listen. Wiles [30%] "proved" out of

imaginary figures that neither maximum nor minimum program

diversity is a tendency under laissez-faire, but only the

most profitable degree of differentiation. '"lhder  the

relationships between cost and revenue obtaining for TV,

minimum differentiation is most profitable to an oligopoly "

or monopoly, maximum differentiation to a polypoly". Further-

more if community satisfaction is measured by consumer's
willingness to pay money, an oligopoly produces less
"satisfaction" than either a profit-maximising pblypoly

or "satisfaction" - maximising monopoly.



- 73 -

Crandall [4], Park [20%] and NPM [17%] studied the
economic feasibility of new commercial networks in the
L.S. Crandall suggested that the net benefit to vieweﬁs‘-
of a fully competitive fourth network could approach él B:‘
per year but that it would add only marginally to total
audience and so that the total network advertising revenues
would be nearly the same as for the three-network market.
Park's model predicted that the income for the fourth network
would fall short of that necessary for viability. On the
other hand NPM from extrapolation of costs and revenues for
the three existing networks concluded that U.S. could support.
six over-~the-air television networks and that the additional
consumer surplus would amount to about $10 B... [17%, p. 118].

' A formal model of relationships between networks, affi- -

liate stations and program suppliers can be found in [17%,
appendix B].

The concentration of ownership and the related probleﬁs
of collusion and price'fixing have been studied by Peterman

[22]. He found no evidence of collusion in order to restrict

the size of the audiences or to facilitate price discrimination.

From the consumer sovereignty view-point Wiles [30%] also
minimized the dangers of the network oligopolistic structure:
"The motor-car manufacturers are also an oligopoly, yet

why do they satisfy all tastes?" ... (script mine).
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Another item widely discussed in the spectrum literature

is the substitutability of the spectrum Levin [11]. Substitu-
tability is important from an economic view point because it

permits the determination of shadow prices, namely the maximum

sums users of the spectrum would be willing to pay rather than
do without some marginal amount of”bahd with.

The main problem in finding substitutes for fadio is
less technical than economic. If one is willing to pay-the
price there are always substitutes for the spectrum [11].
Open wire, sunken coaxial cable, subsmarine cable are some
substitutes for radio. A less obvious substitute is transpor-
tation. If mébile radiolsystems may reduce the need for
vehicles, drivers and fuel in a fleet of faxis, trucks or
poiice‘cars, it must also be true that these displaced factor
inputs may in turn replace radio [13*]. Based upon that kind
of substitutability Crandall and Taggart [5] develoﬁedAa
production function approach to measufing~spectrum'é value in
lana mobile. They assumed that the land_mobile communication
output was a function of spectrum, dollars of annual équip—
ment costs, and the number of mobile’units. Then for fixed
output and number of mobile units the trade-off between
spectrum and equipment cost could be found, i.e. spectrum
marginal cost. Similarly it could also be found the trade-

off between spectrum and communication for different congestion
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levels., The cost of congestion was estimated by Plotkin [23].
It was assumed that the cost of delayed transpdrtatidn due

to radio congestion "was a function of the labor costs, equip-
ment costs, vehicle speed and necessity for timely messages".
Given the parameters for each of the relevant variableé, the
calculation of the congestion costs followed immediately

[5, p. 33].

In the previous models of land mobile spectrum usé the
value of the spectrum was a function of the number of vehicles.
The problems related to the demand for taxicabs and pélice cars
in a deterministic environment has been studied by [101, [23] and
[29], and in a stochastic environment by [9].

Given the actual regulatory polices, shadow prices will
evidently not give the true value of the spectrum, what is
needed for efficiency purposes. On the other hand unsolved
theoretical problems will not allow at the "present'" time to

develop a relevant general theory of the spectrum value. The

dilemna is well described by Paul Valéry

"Tout ce qui est simple est faux

"Tout ce qui ne l'est pas est inutilisable”.
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MARKET SIZE, VHF ALLOCATIONS, AND
THE VIABILITY OF TELEVISION STATIONS#
BY

STANLEY M. BESEN AND PAUL J. HANLEY

The Intermixture of VHF and UHF in the same market and

_the policy of having a large number of local stations have

simultaneously reduced the competition among stations and
the number of ciewing alternatives. Parkl has argued that
one of the effect of unequal competition is that is has
precluded the possibility of the formation of a fourth U.S.
television network. 'This’paper attempts to measure the
effects of a frequency ailocation plan on the number of view-
ing alternatives in each market.
THE MODEL. Bensen aﬁd Hanley assume the functional relation
N = £(TVH) where N is the number of stations in a market
and TVH the number of households with T.V. sets in- -that market.
Since the number of VHF allocations is limited at each market,
thevfunction>f(TVH) will be valid only to the point at which
TVH exhaust the VHF allocations. This number of households
is given by |

TVH = £~L(VHF)
Beyond TVH* the market follows a "lower path" g since additional
stations must be UHF, which have less audience and inferior

tranmission characteristics:

N = £(£7N(VHF)) + g (TVH - £ L(VHF)
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The additivity assumption is somewhat more troublesome,
since 1t implies essentially that all I firms are of identical
size and operations. If such an implication seems to be
empirically unwarranted, then short-run fixed factors such
as the size of each firm's fixed assets, or the number of
moblles, have to enter the firm's profit function1ri in
(18), replacing the corresponding prices as arguments. To
proceed to aggregation then we have to adopt the assﬁmption
of linear homogenelty of the production function. See (5)
and (7) for an extended discussion of the appropriate theory.'
Again considerations of this type have to be postponed till
the actual empirical work.

For an allocation of spectrum now between broadcasting
and land-mobiles the conventional approach, relylng on general
équilibrium theory, 1s to equalize the value of the spectrum,
ét the margin, between alternative uses. (See (4) for an
extended discussion) In our notation this implies that the

spectrum prices s used in (22) should equal the value used

in (10), i.e. WvdiVided by the number of channels corresponding

to a given license. In our opinion, such economic arguments
should not be extended too far, since the assumptions of
equilibrium theory, that justlfies the equality of marginal
values, are sufficiently violated in order to render the
conclusions rather dubious. Besides, under any pricing scheme
the public authority would want to retain degree of control
and impose many subsidiary goals, so that the spectrum prices
would play the role of planning instruments, with values

adjustable to the desired goals and the existing situation.
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‘Bensen and Hanley first assumed that f and g are linear:
N =a - 2y (TVH) and
TVH &= (VHF - aO)/a,

1) N = ao(l + (a2/a,) + (al + a2) TVH - (ag/a,) VHF + a3D
where D is a dummy variable that takes the value 1 if a
market has no VHF allocationdand zero otherwise. For
the sake of genrality, Bensen and Hanley also derive a

logarithmic version of the alsove equation

2) i N = &n bO(l +_(b2/b1)) + (b2 + by

) fn TVH = (b,/by)&n(VHF + D)
+ bD | 4
Equations (1) and (2) are estimated using ordinary least
squares (OLS) and Tobin‘s‘limited dependent variable (LDV}2
techniques. A comparison between the four set of estimates
indicates that the (LDV) logarithmic equation 1s the "best"
sé it is employed through the analysis.

USES.

a) "Breakeven" Market Size

The estimated equation is used to compute, for any number
of VHF allocations, the number of household required before
a market can support a given number of stations.

b) The Drop-in Proposal

The U.S. O0ffice of Telecommunication Policy proposed a
"short-spacing" plan that would allow that 53 additonal VHF
television broadcasting be inserted into the major 100 markets.
Bensen and Hanley calculated using the estimated equation that

only 3 more stations would go on the air and that 25 VHF
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stations would be replaced by VHF ones. Sixty VHF
channelé will remain idle...

The paper's final conclusion is that to increase view-
ing alternatives, a policy favoring relatively few power-
ful regional stations is better than one favoring a larger
number of local stations. Under this last policy if as many
VHF allocations as could be used are made available almost
20M households would still be living in markets too small

to support four stations.

¥ The Journal of Industrial Economics,
September 1975.
1. ﬁNew Television Networks",
The Bell Journal of Economics, Autumn 19075,
2. J. Tobin, "Estimation of Relationships for Limited

Dependent Variables'", Econometrica, 1958, pp.24-36.
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The Federal Communication Commission®

R.H. Coase

This article can be divided in two pafts. The first
'is an account of the development of ratio-TV regulations
in the U.S.. It shows the interactions between spectrum
users and policy makers. The second part is a plea for
the private property and the price allocation of frequencies.
In the beginning the use of the spectrum was not fegu—.
lated. A letter dated March 30, 1910 from the U.S. Department
of thé Navy to the Senate Committee on Commerce bought the
enactement of legislation to bring some order in the use

of the electric waves through the ether:

"Calls of distress from vessels in peril’
on the sea go unheeded or are drowned
out in the etheric bedlam produced by
numerous stations all trying to commu-
nicate at once'.

Two years after, August 13, 1812, an Act was approved
providing that anyone operating a radio station must have

a license issued by the Department of Commerce.

"The license would include details of
the ownership, wave lengths authorized
for use, the hours for which the station
was licensed for work, etc". (p. 2)

® The Journal of Law and Economics, October, 1959.
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In 1918 the Secretary of the Navy J. Daniels' tried
to obtain the exclusive ownership of all wireless communication
for commercial purposes. He told to the members of a House

Committee:

"My judgement is that in this particular
method of communication the government,
ought to have a monopoly, just like it

has with the mails - and even more so
because other people could carry the mails
on trains without interference, but they
cannot use the air without interference...
There is a certain amount of ether and
you cannot divide it among the people as
they choose to use it". (p. 3)

The broadcasting industry came into beeing in the early
1920's. On March 1, 1922 there were 60 stations, by November 1,
vthe'number was 564... (p. 4), so the probiem of interference was
"growing up fast. In 1921 H. Hoover then Secretary of Commerce
had no discretion to refuse a license but it seemed that accor-
ding to the 1912 Act had the power to grant specific wave

lengths:

"In 1925 the Zenith Radio Corporation was
assigned the wages length of 332.4 meters,
with hour of operations.limited from 10:00
to 12:00 p.m. on Thursday and then only
when this period was not wanted by the
General Electric Company's Denver Station'.
(p. 5)
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The Zenith Radio Cofporation appealed. .In a cburt
decision rendered in April, 1926, it was held that the
Sécretary of Commerce did not have the power to wage
such stringent regulations. The Secretary of Commerce was
then éompelled to issue licenses to anyone who applied.

And that was the chaos.

In July, 1926, as a first measure to stop the ggggg the

Congress péss a resolution preventing the licenses establishing

property rights in frequencies.

"The ehter and the use thereof was declared
to be the inalienable possession of the
people of the United States". (p. 6)

In February 13827, an Act brought into existence the
Federal Radio Commission. This act would give the_goyernment

not only ownership of the spectrum but also the power to control

programming. The Commission got massive powers to regulate

the radio industry. It was pointed out that

"Nothing in this Act shall be understood
or construed to give the licensing autho--
rity the power of censorship". (p. 6)

Nevertheless the Commission maintained and got approval

from the courts "that to decide whether the public interest
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would be served by granting or renewing a license, it had to

take into account proposed or past programs'.

The Commission's attempt to influence programming was
clearly shown in a 1940 decision called the Mayflower case.
The Commission criticized a Boston station for urging the
election of certain candidates for ﬁublic office and renewed
its license under the assurance that the station would no
longer broadcast editofials”.

In 1943, in the NBC v. United States case the justice

Frankfurter in delivering the opinion of the Supreme Court

said

"The facilities of radio are no large enough
to accomodate all who wishes to use them.
Methods must be devised for choosing from
among the many people who apply... The
facilities of radio are limited and therefore
precious, they cannot be left to wasteful
use without detriment to the public interest".
(p. 13, italics ours)

Coase believes that public ownérship is wasteful and
program regulation unfair if compared with the freedom of
the press. For Coase neither the spectrum scarcity nor
the}interferences are good arguments for private ownership.

The scarcity argument is difficult to defend if we

observe that all the resources are scarce and that most of
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them are not owned by the government. To preserVe ownership

the government is unwilling to require "any payment for the

use of frequencies'". However, Coase points out, when transfers
of owﬁership of radio and television station takes place with
the government approval there is little doubt that the price
of those stations inclﬁdes a substantial payment for the use
of obtaining the frequency, what makes the whole argument of
government ownership somehow irrelevant.

.Coase-does not accept the intérference argument either.
He believes that in a market system some broadcasters, following
the profit objective, will buy out of the market some of the

interferences leaving at the end an optimal level of "spectrum.

pollutién”. Clearly Coase stands for a regulated market where
the ‘rights to use the spectrum are clearly established.
The problems are What regulations? What rights? and

Whose rights?
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COMMUNITY ANTENNA TELEVISION SYSTEMS AND
LOCAL TELEVISION STATION AUDIENCE %
FRANKLIN M. FISHER

VICTOR E. FERRAL, JR.

This paper estimates the effects of CATV competition
on local stations. Fisher and Férrall‘(F—F) are specially
concerned with measuring the exteht of the economic impact
on local stations of not being carried or of being dﬁplicated
by CATV. -

CATV's, which do no programming, affect local television
stations by:
1) Excluding their subscribers from the potential audience
of local stations whose .signals are not carried by CATV,

2) Carrying a local station but also carrying the same program

by one or more additional channels, and

3) Bringing programs which would otherwise be unavailable in
the market.

The Audience-Revenue relation

F-F's study is based upon a cross-section analysis at
127 stations. Audience is denoted A and is measured as the
average number of houséholds viewing each station during priﬁe
time. - A regression of M (Revenue) on A With 1963 data yielded

M = 103,300 + 26.63 A

i.e. a household viewing 3% prime time hoﬁrs_is worth $26.63
in yearly revenue.
The Model

F-F assumes that A is related both to market size and
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factors affecting viewing habits.

A = NlFl - N2F2 - u

where Fl and F2 are functions specifying the viewing of 6he

"average" members of the off-the-air station and of the CATV

carrying the study station's signal. Nl and N2 define

potential audiences and u a random disturbance.

The independent variables of Fl and P, respectively

2
describe the competition given to a study station by the

stations carried on the CATV.

¥y

1l

Fl (Q@,C,I,D) and

F

5 F2 (D,G)
where @ represents the number of program alternatives to the
study station programming. As Q represents bhoth independent

and network alternatives a variable I is introduced to indicate

the relatively slight. competition of independent stations. D is
the "duplication variable" and it measures the fraction of
prime time network programming carried on a study station.

0 if the study station is not affiliated to more
than one network

$.X,°

. S, M
1% - D if ZiXi Xi >0

where 1 denotes tThe number of networks, XiS

the study station
fraction of prime time devoted to the ith network and'Xim the
same for a station which is multi-affiliate. "G measures the
maximum understatement of duplication afforded by D";

N1 is measured as the number of households in a station

audience area which watch that station at least one a week and

N2 as all subscribers to CATV carrying a local station.
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To show the effects of each varlable on A, we write
the F-F's basic regression:

A

1926 + Nl(.5322 - .3466 log (1 + Q) + 1.535 C + JAUol3 T &
L0707 D) + N,(.7574 - .6898 D, - 1.2285 G) with R® = .9L68

Some results

From the baslic regression F-F conclude:
1) CATV's economic impact on station revenues is substantial,
2) A significant number of existing stations cannot withstand
a relatively small increase in CATV penetration without con-
conmittant cost reduction, and
3) A significant number of potential new stations, 1.e. UHF,
are lifely to be discouraged from entry by a relétive small

increase in CATV penetration.

¥ Quarterly Journal of Economics, May, 1966
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THE INVISIBLE RESOURCE
USE AND REGULATION OF THE RADIO SPECTRUME

HARVEY J. LEVIN

book is divied into four section:

American spectrum system |

Principles and practice of spectrum allocation

The level of spectrum development, and

The interrelated tasks of compefition and regulation
We will review (ii), (iii) and (iv).

The absence of market prices for spectrum is the source'

of most of the management problems. Section (ii) shows new

management criteria and tools"through»which the behaviour of

the users can be rationalized. Levin proposes the following

spectrum allocation alternatives:

A)

B)

C)

D)

FREELY TRANSFERABLE RIGHTS. Rights are created by the

courts or by the government. These rights are freely

transferable.

AUCTIONS OF GOVERNMENT'S DESIGNATED RADIATION RIGHTS.

CHARGES TO USERS. Charges are applied according to the

frequency, location and size of the reception area and
time of broadcast. Rates might be derived from auction

values, shadow prices or fixed at an arbitrary flat dollar

rate.

SHADOW PRICES. Prices derived from maximum sums that

current spectrum users will be willing to pay rather than

do without some marginal amount of spectrum.

¥ The John Hopkins Press, Baltimore, 1971
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E) NEW ADMINISTRATIVE TECHNIQUES.g 1) a grééter controi of
government users, 2) the right to borrow frequencies |
and 3) control of spectrum managers who override
economic considerations.

For Levin the freely transferable rights is the.best
system from an economic viewpoint. Nevertheless that iﬁplies
a radical change of the current real—worid customs which is
not going to be accepted. Levin selects shadow pricés (D),
user charges (C) and intrals and auction values (B) as the
best approachs given '"current real-world practicalities".

Two examples on how to determine the shadow prices are )
given. The first example postulates competing claims on a
band ﬁicrowave frequencies by space satellite and terrestrial
microwave system. The second postulates rival claims by
land mobile and T.V. broadcast systems on a pbrtibn of the
VﬁF spectrum. In both cases, the maximum price the rival
claimants are presumed to be willing to pay rather than do
wilithout the frequencies are calculated.

With respect to the above calculations we quote Levin:

"Because the practical difficulties are
great, much carfeul effort is needed
before proceeding with thls approach".

Once the shadow prices are calculated, their values could
be used to design a rental charge schedule. The need for
rental charges comes primarily from the incumbent broadcaster
lack of incentive to economize. Another rental charge
proposed 1s the one derived from "efficient" spectrum usage

E
S
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‘where Vi Bi and Ti = volume of physioal space, bandwidth

and time ideally fequired; A" B. and Td = the same

d®* —d
derived to others.

Section (iii) concentrates in spectrum scarcity and
frequency development. Levin claims that in the absence
of organized spectrum markets, frequency congestion and
spectrum scarcity may provide in@uoément‘to economize. To
support his claim he shows how the increase of land mobile
radio users has induced the development of equipment fo use
the higher banks with a reduction of bandwldth and band
spacing.

With a multiple regression, Levin shows that the
increase in channel loading, i.e. congestion, is better
explained by population growth that by the number of channels,.
i.e. supply. |

' In the AM broadcast service congestion he also generated
technological changes, l.e. improved antennaes. .Nevortheless,
this process of accommodation is not optimum ffom a welfare
viewooint dué to the fact that latercomers have to bear the
bulk of the extra cost of the entry.

IN T.V. and FM broadcasting the allocation of spectrum
has been génerous so-no incentive has existed to "push"
technical progress. TFor example, with present technology
bandwith could be reduced by a factor of 10-100 if T.V.
broadcasters could be induced to adopt a system that would
"store video images and transmit only the changes in consecu-

tive pilctures, not the whole picture". Obviously, congestion



- 94 -

is one of the incentives to economize spectrum by adopting

new technologies.

As the access to the T.V. and FM spectrum is artificially

restricted and the demand exceeds supply economic rents do
exist. This economic fact is reflected by the premiums TV.
buyers pay to station owners. That indicates another way
of pricing spéctrum. |

Levin's thesis is explained in section (iv). He argues
that while a full-fledged market would have theoretical
advantages, more could be obtained with a regulated market-
type system with prices. The obstacles to a pure market-
type system are of practical and economic néture. Practical
obstacles are the rigidities that arise from the existing

incumbent's spectrum properly rights and from the political

and government institutions in charge of managing the existent

régulated type~system. Economic obstacles are the inéffici-

encies caused by the fact that broadcast signals are public

and merit.goods and that the broadcasters generate technical

and pecunary externalities.
Levin's propositions can be reduced to two:

1) Pricing will reduce the stringencies in the use of the
spectrum, and

2) Newcomer broadcasters should be granted similar rights
then the incumbents in the evaluation of regulatory -
changes. Their investments must be considered in phasing
in the new and phasing out the old. Using oppbrtunity |
costs in spectrum utilization will help to correct actual
imbalances in regard of the newcomer's potential rights

and the incumbent's de facto property rights.
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Management of the Frequency Spectrum*
William H. Meckling

Meckling believes that any effort to improve the efficiency
of the frequency management must be built on the recognition
that the spectrum is similar to most of the resources available
to society and therefore it can be allocated throUgh the market
system.

The spectrum is by tradition managed in an odd and some -
times contradictory way. The Government defines and»then gives
away all use rights. The recipients of those rights are not
allowed to seel any portion of them and so there is no 1n§ent1ve
to économize. The efficiency problem is compounded by the fact
that the rights to the spectrum are divided and alloted to spe-
cific services and no transfer is permitted between services,
i.e., land-mobile and broadcasting. Furthermore, significant
parts of the spectrum are allocated to services where the number
of users are not-limited and so part of the spectrum is trans-
formed in a free good with all the implied inefficiencies. And
Tast but not least since the government completely control the
spectrum, government agencies get first consideration in its

distribution and again at no cost.

* Washington Unijversity Law Quarterly, Spring 1968.
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The Criterion Problem

The policies more frequently cited in spectrum management

are:

i) ATlocated the spectrum to minimize interference-

ii) Allocated the spectrum to maximize the utilization
of frequencies

ii11) Allocated the spectrum simulating the market system,
and |

iv) Let the market to allocate.

The criteria (i) and (ii) are c1ear1y in direct conflict:
to minimize interference is necessary to prohibite all but one
indfvidué] to radijate, and the way to maximize utilization is
to let everybody to radiate.

Criterion (iii) according to Meckling presents three main

problems:

a) "If the FCC is to assign frequencies in accord with
potential price, it must know how much prospective users would

be willing to bid for rights”,

b) What to do about the rights'that have already been

granted? and
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c)"‘ It will be very'difficuit for a frequency}authority

"to take away and reasign rights to those users who‘9a1ued them

more highly.

In (iv) Meckling proposes a stkaight market forAfrequencies.‘
His main idea, 1ike in Coase (1959); is simply thét~ind1vﬁdua1
frequency rights should "be transferable in whole or in part,
and in term of the three dimensiqhs:of bandfwith;>geographic
location, and time". Theré are‘several objections.tb~the“propo—‘

sition:

a) - It would not correct the "congestion®” prob1em‘1n

some frequencies -

b) Monopoly in broadcasting and communication industries

will be-increased

c) Some users like amateurs, science, ambulances, fire

and police departments ought to_havé_ffequencies free

d) Government should retain control of frequencies in

order to control the quality of broadcasting.

Meck]ing defends the market system from those four‘critiéiéms

as follows. Congestion of the spectrum (a), will actually
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diminish because as Coase (1959) “has'proyen”, in the%portidn of
the spectrum that is overused some users will buy-out others
reducing the level of interference. Uuith respect to (b),Meck11ng
notes fhat the actual situation in U.S. cannot be worse, i.e.,
four networks, and furthermore that there exist anti—érust laws
specifica]]y designed to hand]e the“monopoTy problem. Objection
(¢) 1s'ru1ed out on the ground that neither amateur broadcasters
nor'firémen, police and science, are given free equipment so there
is no reaéon why "they shouldn't be forced to take into account
the oppdftunity costs of frequency spectrum just as they are
forced to.take cn account other costs". Meckling answers to the
fourth'criticism-W1th one question: "Would any are seriously
suggest that printing presses or newsprint should be cqntro]]ed"

by the government to control the quality of newspapers?“

Conclusions

Meckling bejieves that only the market system can "improve"
_the(actua] situation. Nevertheless it is almost impossible to getv
«thevpo1icita1 support to undo the mistakes that have been made
finbfhe past.  On the other hahd it is very diffﬁcu]t,to realize
the steps thaf can be taken within the_actuai system to improve

the spectrum utilization.

1
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MeCk11ng does not make clear in this paper how the problems
attributed to the market simulation can he avoided with the

introduction of the market system.

R.H. Coase, "The Federal Communications Commission", Journal
of Law and Economics, 1, 1959.
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ECONOMIC ASPECTS OF TELEVISION REGULATIONS

ROGER G. NOLL, MERTON J. PECK AND J. MCGOWAN#¥

The aim of this book is a critical examination of the
public policies that determine the structure of the TV industry
in U.S.A. Three major issues are treated: the demand for
television, the economics of TV stations, snd,the analysis of
regulatory behavior.

The Demand for Television

A model of viewer behavior must describe how viewers value
different programs. ‘The main evidence about viewer preferences
comés from "free" television, subscription television, and
céble television.

"Free" Televison Evidence: Free television according to NPM

gives very little evidence about viewer preferences. NPM argue
as follows: Since the price of TV watching is zero viewers

will seek to watch a program type until its marginal benefit

to them is zero. On»the other handvnetworks will have no
incentive to broadcast programs that provide benefits to the
viewer more than incrementally above zero since no increase in
revenue will be implied. "This'afrangement implies that a‘
large number of viewers regard thé benefiﬁs from an increment
to viewing time in general as negligible, but regard the
benefits of additional hours of certain ﬁype of prdgramming as’
very great". (NPM, p. 28)

So since zero price does not measure the marginal cost
of programs the fact that the benefits df‘more programming of

a particular type exceed zero is not sufficient evidence that
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more of it should be produced. A final étatement about the
composition of TV programming and a social'optimum will finally
depend upon a comparison of the marginal costs and the benefits
of more programs.

There are three basic flaws in the above arguments. First
nothing has beeh said about the competition among networks
to increase thelr viewer shares. Second it seems that in the
real world networks will try to increase the benefit to viewers
until the cost of attracting a new viewer wlll be equal to the
'advertising reveune generated by the marginal viewer. And
third it is not clear why‘"the benefits from increment to
viewing time in general (are) negligible.

Suscription Televison Evidence: NPM associate suscription tele-

vision with a voting system with proportional representatilon
since different prices are paid for different kind of programs.
in theory that implies that "individuals by concentrating their
dollar votes ... overcome the unpopularity of’their_tastes”.
Price elasticity will therefore be the critical factor thét
would permit to measure the intensity of demand against the
number of viewers at a going price. NPM state that even if
price elasticitlies differ. among programs, '"networks wguld be
unlikely to set prices accordingly", (NPM, p. 131). That
statement 1s based upon two assumptions: (a) the popularity
of a new program cannot be predicted at the beginning of a
season, and (b) the popularity of a program is likely to
change during a season. Hence given those uncertainties, the

best strategy might be to avoid price premiums on the popular
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programs. The implication of such a price policy will_bé
that ffee television will pick the same program mix than
subscritpion television and that the TV price willl be positive
instead of zero, allowing networks to increase their profits
significantly.

From the above arguments 1t ié not clear why programs
that Would maximize audience at zero price will also maximige
audience at a positive price and consequently the argument that
nefworks will increase thelr profits is nbt hecessarily true.

The Cable Television Evidence: To NPM Cable or Community -

Antenna (CATV) constitutes the only means through which
individuals can express the intensity of their demand for

viewing options by their willingness to pay for the opportunity

to expand the number or_ increase the quality of television
signals they cdn receive, (NPM, Appendix "A").

NPM build a model of cable tele&ision demand using a
Cobb-Dougals utility function as follows. Let Y be the income
ofla representative potential subscriber to a giveh CATV, s
the cost of televiéion quality and Q an.index Qf TV viewing
gquality. The utility-functidn of a CATV typical subscriber
is assumed to be
U, = A(Y - S))\QCB

c ‘
If he does not subscribe his ability from free television

will be

U 3

. A
= AY Qf
given the fact that S vanishes.

The maximum subscription fee S¥* the viewer will be willing to

pay is the fee that equates UC and Uf
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. Q. \ '
st=y@-[_%) )
Qp
so that
(1)
— *
v = (1 - 8*/Y)
11’1 QC
Qp

The distribution of potential subscribers to any CATV igs -

assumed to be
£(y) = e "ay

Letting N be the number of actual subscribers and Np the
~UY
- Y
N_ - N =N d
p Py i
number of potential subseribers
evaluating the integral and taking logarithms glves

_ 1 N
Y= 1n (-5) SO
N
H p
with (1) it gives
#
(2) In(l - S /Y) 1 Q,
= — 1n a.
NS " f
1nj —
N
p

where only the left hand side variables are observable
NPM derive the estimating equation

, %
In(l - S /Y)
— o
N = Ro TRy 1nXi f-sz D

where Xi is a proxy for quality of service
1+ N,©
i

i f
1 + Ni
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Nl Z the number of primary network alternatives
N2 = the numbef of independent stations
N3 = {he number of education television

Nq = the number of duplicate network-affiliated stations

and the Dj's are dummy variables

Finally writing

In (1-8/y _

and rearranging gives the penetration index
1

)
= (1 -38/Y)

=

=

p

(see comanor Mitchell)

The main conclusions of NPM estimations are that in
areas~where homes are unable to receive all the three U.S.
networks, one half of the households will be willing to pay
a monthly fee of $5.00 to receive all the networks, and that
the average household would bé willing'fo pay 5% of his income
rather than do without the network television services.

The Economics of TV Stations

In this section NPM provide a formal analysis of the
economic relationships among networks, affiliates and program
suppliers. Two assumptions are made (a) The value of audience
for a given broadcaster is the same for all programs within

some block of time, and (b) The programs offered to or
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produced by the broadcasters have assoclated an expected
audience and a given price.

The expected net revenue r generated by broadcast of

any program unit is defined by
r =va (1 - e), e = f/va
where v is revenue per viewer, a the expected audience size
and f the cost of the program to the broadcaster.
If a network owns broadcast rights to m programs and
broadcast over a nationwide system, it will attract audiences

85 i:l,..., m with a gross revenue of

2. Vva
=i i

The network must make its programs economically attractive

to its affiliated by sharing revenues. In order to induce
affiliates to carry the full network lineup it should be true
phat
c, 2 (1 -mny) (a;/a;)

where Cy is the share of the revenue from the ith program the
network gives up to its affiliates, ai the expected audiences
of nounetwork programs, i:1l,...,n, and ny the revenue demanded
by the supplier of program 1i. |

Clearly a network can reduce affiliate share of revenues
by maximizing the expected audience 85 of' its own programs.

NPM also study the relation between program owners, net-.
works and affiliates. If the ith program owner withdraws his
program from the network lineup, the network will replace it
with say aAprogram with expected audience a.,- Affiliates
will carry the new program if their net revenue from carrying

it is at least as great as the revenue derived from the with-
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drawn program, 1i.e.

> - _
cmvar > (1 ni) va,

where n is the maximum share the network gives up to

“affiliates. Rearranging

o

r
., 21 - c =
Ny = m a,
i

where ny is the maximum share in broadcast revenue a program
owner could stract in syndication.
Distributors charge a share of the gross revenue for

. their services. The maximum share a program owner could

extract from a network is therefore bounded by

a

. r
ey £ (1 - 4) (1;- o 5;)

. NPM also‘deai with the uncertainty that surrounds the
potential audiences that will follow a new program. One of
the devices to test potential audiences is the production of
a pilots for new series. NPM assume that producers will invest
in new pilots only if the present value of expected returns
is at least as great as the cost of pilot production. Their
basic model is |

(1 -t) 8 eV, - (1 -p) oV, K >F
where Vn: present value of expected broadcast
revenue of an accepted pilot during the network run
V_: present value of expected broadcast revenue of an
accpeted pilot in off-network syndication.
K_: present value of the opportunity cost of producing

the expected number of eposidoes of an accepted

pilot.
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P : cost of producing a pilot

C progfam owner's share in broadcast revenue from
network run. |

e i program owner's share in revenue from off;hetwork
syndication broadcast after payment of disﬁributor's
fee

t : profits tax rate

en: probability a pilot will be accepted by netwofks

eS: probability that an accepted pilot will be releaéed
into off-network syndication |

p ¢ network's share in profits from off-network

syndication
From the above expression it follows that the optimal ,

value for e, is given by

v
S.——-—
7

O K "
e © ‘+) > - (1 - p) ese
' n

A
6,(1 - t)) vV,

where u = P
K

n

The expected network profits from a new program is defined by
- =\ 1 o :
T, = (1 -¢) Vn = % ¥y - POV
where ¢ is the average share of broadcast revenue given up to
affiliates. Substitution of enO gives
1= (1 - ¢ -~ B - - - K
( c) Vn SeS'VS 1 U

n n
en(l - t)

NPM estimate values of the parameters of the above Net-‘
work - Packager equations and conclude

"it appears that the networks have been able to bargain rather
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effectively in procuring entertainment sefies programming.
Nevertheless, this analysis suggests that a considerable
proportion of the payments they make tb'program owners --
as much as 20% of the total in recent years —; consﬁitute
rents". (NPM, 313).

NPM were use this observation to'argue throughout fthe
book that additional resources available to TV will have
very little effect on programming volume. Further increases
in the expected rate of return are unlikely to draw additional
resources into the program production industry. |

The Analysils of Regulatory Behavior

Most of the conclusions reached in the final chapter of

Economic Aspects of Television Regulation are not directly

related to the above analysis. They could have been obtained
independently from the previous chapters. The authors point
6ut that the U.S. Federal Communication Commission is determined
to undermine consumer sovereignity in order to protect the
wealth of the network or station owners. They find that the

U.S. - FCC instead of establishing the "rules of the games"

leaving the outcome to the market forces tries to regulate the
industry up to %he_minimal detail.

They call for substantial deregulation of télevision,
for compétition from new communication te¢hnoiogies, for an \

expansion of viewlng choice and for divesting the U.S. - FCC

from control over program content. (NPM, p. 274-276).

¥ The Brooking Institution, Washington, D.C., 1973.

William S. Comanor and Bridger M. Mitchell,

"Cable Television and the Impact of Regulations", Bell Journal
of Economics and Management Scilences, Vol. 2 (Spring 1972),
pp. 154 - 212,
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Television: O0ld Theories, Current Facts,
and Future Policies

The Growth of Cable T.V. and Its Problems
Tmpact on Over-The-Air Broadcasting#

By
Rollad Edward Park

INTRODUCTION

Cable may provide more diVefse programming for its
subscrigers, but at the cost of-reducing the amount of program-
ming produced by o#ér—the—air television‘for non—subscribers;
Over;the-air stations may be forced to reduce the quality of
their prdgrams and even be forced off the air.

To control this problem the U.S. Federal Communications
Commission has restricted.cable'gfowth in the top 100 markets
while allowing growth in smaller markets to promote diversity.

In a free market diverslity follows from competition among
a large number of broadcast stations. That is possible in the
cdase of Radio. In the case of T.V. no more than seven étations:
can be allowed in VHF. Athe 1952 allocation of UHF frequencies
to T.V. has only increased marginally the number of stations.

CABLE TMPACT _

This paper reports Park's attempt fo build a model to
measure the impact of unrestricted cable growth. The model

is constructed from four estimated pieces:

1) Estimates of cablevpenetration are based,on the hypotehsis
that the penetration tends to be higher: a) for systeﬁs
carrying a greater number of signéls and b) for systems
operating in areas with fewer signals.

2) To determine what share of the audience will watch distant
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signals and what share will continue watching local
ones attractiveness indices are attached to signals'

so that audience shares are proportional to those
indexes, e.g. the attractiveness index of UHF is one
half the index from the same signal broadcast'by'VHF.
From 1) and 2) the station audience can be calculated.
Relaﬁionships that transform audience into revenue are
then estimated. Two results are of interest: i) an
additional household is worth less to a large station
than té small one, and 1i) a distant audience is worth
less than a closer one.

The relation between local and public service programming
on the one hand and station revenue on the other is
estimated. As 15-21 cents of each marginal revenue
dollar is spent on local programming, cable adverse
impact on local station revenue will imply a decrease
in local programming.

This paper provides the following results about the

percentage change in Revenue due to cable in a 1970's environ-

ment.

TYPE.OF STATTON

MARKET RANK

1-50 ° 51-100 = 101-150 . 151-200
Network VHF =17 T =oh T =31 55
Network UHF +12 -18 ~-15 ’—
Independent VHF -11 - - L=
Independent -UHF +20 +20 - -
A1l . =15 -23 -30 -56

- =
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COMMENTS

It is clear from the above tabléithat:
i) Overall station reveﬁue.is reduéed’iS% by cable
i1) Stations in smaller markets are harder hit‘than those
in larger markets, and |
iii) UHF stations are less harmedi... some aré‘benefitted

by cable than are VHE stations.

¥ Papers and Proccedings of the
American Economic Association, May 1970
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New Television Networks which are the Prospects for New
Networks in United States?#% i

Rolla Edward Park

In this paper Park uses a model of television network
competitive behavior to explore the prospects for new
networks in U.S. His conclusion is that the chances for a

fourth commercial network are slim. This result contradicts

Noll, Peck, and McGowan findings!

The model. Park's model is a variant of Crandall's2.

There are J networks indexed by J or 1. Let ?j be the

annual revenue produced by an individual watching J; Aj the

average number of households watching, pj the expenditure
in programs and F& a fixed cost. The profit of j is

B, =r,A, -p, - F

J JJ J J

= = f |
where rj rj(A) and Aj Aj\pl,...,pJ)

The first order condition for profit maximization gives

, 1
[rj +'Aj drjj SAj . (SAJ dpi -1

d%.

. Park takes programming exbenditure.as a network's decision

variable while Crandall treats individual factor inputs to

program production as decision variables.

Assumptions

1) There are K subsets of televislon households k:1,...,K.

2) The jth networks share of audience in k is given by
S., =m,, a.
JK Jk 7J
23384
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where Mjk

competes in household subset k, and aj'a measure

denotes the terms on which network jJ

of attractiveness.
3) The attractiveness is an increasing function of Pi
ai = ApiB, A and B > 0
4) Changes in program supply produces changes in A.
5) Total audience in k, Nk’ depends only onithe number of
networks serving k.
6) Advertising revenue 1s constant for each Network
dr,.
_.(L= O
dA, -
J
7) Cournot's assumption. Each network expects the others

will not reach to changes in its programming expenditure.

'From 1-7, the first order condition for profit maximization
‘becomes BerkaSjk(l - Sjk) = pj
Park assumes the three U.S. commercial Networks compete

with each other on equal terms in all reas of the country,
Pl = P2 = P3 = $é88 M and r = $46. Those assumptions together
with the above equation give B = .77

One of the figures that the model calculate is the.excess

revenue over program expenditure i.e. "income". Clearly

"income" for a new network must be high enough to cover
fixed costs Fj' Financial data give estimates of the fixed
cost of national network operation between $100M and $200M

per year.
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The fourth network example is "féededﬁ into tﬁe model as
fol}ows: Park assumes the fourth network competes -on equal 
terms with the existing three in 21M househbldS; subjéct
£o UHF handicap in 16M and does not reach 2IM at all. He
assumes that 65% of those whovreqeive the four networks
watch, cémpared to 60% -of those that receive three;v Appiying
those percentage to k: 1,2,3, he get

Inl= (13.65 10.4°  1h.4) x 10M)

the m,, are estimated to reflect UHF competition and'fhe

Jk
competitive position.-of the fourth network in the three
subééts of television households. The-pi, i?l,..,;MAare
calculated from the first order condition equation.

The final result is that the fourth network excess of
revenﬁe over program expenditure are 51M, 27M and 8M for
0.67, 0.77 and 0.87 as alternati#e valués of

As the propective incomes are>less‘than $100M the

>foufth-network will not be organized.

¥ N"The Bell Journal of EconomicS", Autumn 19750

1) Economic Aspects of Television Regulation -
Washington, D.C.: The Brooking Institution, 1973, p. 30
2) "FCC Regulation, Monopsony, and Network Telgvision'“'

Program Costs"{ The Bell Journal of Economics and .

Management Science, Autumn 1972.
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PROGRAM PATTERNS AND PREFERENCES, AND
THE WORKABILITY OF COMPETITION IN RAﬁIO
BROADCASTING*

BY |

PETER O. STEINER

In this article, Steiner assumes that individuals would
listen only to their program type and that statioﬂs seek to
maximize their audience size. These assumptions togéther
with the welfare criterion that as many persons as possible
should receive the programs they are willing to 1isten to
leads to programming duplication.

The three main sections of This paper are:

1. Criteria for the appraisal of workability,

2, The one period model, and

3. The model over time

1) CRITERIA FOR APPRAISAL OF WORKABILITY

Stations sell time to advertisers according to privately

established rates but station time is valuable only if there

are listeners. People .. who are'the customers of the‘product
advertised .. are induced to listen by means of Programs.

For Steiner the Public Interest lies in "the nature and
quality of the patterns of programs that emerges", and his

Welfare Criterion is the satisfaction of the largest number of

listener-hours. He assumes that a person is satisfied in

every period in which he finds a program to which he will listen

and that a person's decision to listen is entirely determined




- 116 -

by the programs available.

2) THE ONE PERIOD MODEL
Assumptions:
1. A period is at 15 minutes interval;
2. The cost of a program is independent of the number of
listeners;
3. There is a minimum size of audience for every program;
4, Rates per period and per proéram depend upon the average
audience of the station;
5. The program is a free good to the listener;
6. There is one market;
7. Each station strives in every period to maximize the
number of its listeners; ‘
8. Programs are of indentifiable types and there are a
determinate number of listeners per type;
9. Individual preferences are independent of programs
presented;
iO. For any given program type the second individual choice
is non-listening; '
11. If some stations simultaneously produce the same program
they will equally share the audience.
Assumptions 6-11 can be relaxed.
NOTATION:
Let Pl’ P2,...Pj’...’Pk,...’Pi
and
Ll’ L2"..’Lj’...,Lk".‘Li

respectively be a list of program types and their number of

listeners per period. The index refers to any program, j to

any program being produced, and k to the unproduced program .

with the greatest potential number of listeners. Steiner
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assumes L. > L2 >...> L

1 i-1

By definition the number of program types produced at any
time is k - 1 =P

The order of the duplication is defined as D°D = X - P

where X = ij, and Xj is the number of stations pfoducing the
jth program.
According to the previous assumptions and definitions,

the welfare criterion established before, is satisfied if

each station produces a different program type and if the

types wlith the largest number are produced.

On the other hand, each station will choose the program
that.will maximize its audience, 1.e. will maximize Li/(ki - 1).
What implies that a station will duplicate an existing
program 1f the share 1t can get of the éudience by duplicat-
ing a program is greater than the total audience it will .

th order

get from the unproduced one. There will be a D
duplication as soon as the number of stations is D - k - 1
and either Ll/(D - 1), L2/D,.;., Lj/(D - J = 2), ..., OF

LD/2 are greater than Lk‘
Clearly social welfare conflicts with individual station

interest.

3) - THE MODEL OVERTIME

In this case, Steiner chooses the Socially optimal program
pattern .. welfare criterion .. in terms of the maximizaﬁion
of the number of listener-hours over the total time span.

If "preferences" .. the sizes of the L's .. are constant

ovértime, the single period model will apply repetively.
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The available listening audience Li’ for a particular
program Pi may change overtime. Li may chance according to
the period in which Pi is broadcasted. Steiner says that

preferences are shiftable 1f listeners are satisfied by

listening a certain program at any period within a sequence

of successive periods, and that preferences are non- -shiftable

if that is not the case.
Steiner examines the programs patterns related to

shiftability. Here we review the two polar cases:

(a) Complete non-shiftability and (b) Complete shiftability of

preferences.,

(a) COMPLETE NON-SHIFTABILITY

Steiner characterizes this problem as follows: a station

is supposed to choose among several program-types Pi' A
program-type is composed of T similar programs to be broad-

casted over a sequence of periods t:1l,...,T. An entry Lti

of a matrix L indicates the number of listeners of the program
t of type i. The station 1s supposed to choose the program-

type that maximizes Li = ZtLti subject to the constraint that

each Lti should be equal or greater than the minimum numb er

of listener required by a program i to be salable at ©.

The salability constraint obviously leads away from the

coincidence of social and station optima.

(b) COMPLETE SHIFTABILITY

For two or more stations operating over a time span the
number of programs .. not program-types .. will be equal to

the number of stations times the number of periods in that
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span. The total audience for a particular program will be
divided as many times as the program is reproduced. Clearly
an already produced program-type will be' réproduced if the
share of its audience will be greater than the total audience

of an unproduced type. The kth program will be first

' . . . J =k -1
produced in the station period 5 BZtL )/(Zth)] - 1)
J=1 ’

where [ j symbolizes "the whole number contained therein".
The conclusion is that even with perfect shiftability,
there will still be a substancial number of duplications

and agin social and station optima will not coincide.
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Pilkington and the Theory of Value#%

P. Wiles

This is a study of the 1960 Pilkington Report on British
broadcasting.
Wiles agrees with Pilkington's conclusion that duopoly

in TV is worse than monopoly and disagrees with the conclu-

sion that polypoly in sound broadcasting 1s worse than

monopoly.
Wiles' .main propositions are:

(1) "Atomic competition in broadcasting, when technically
possible; can do under the profit motive most of what
a public spirited monopoly can do". This proposition
1s verified empirically. ‘Wiles compares the high pro-
gram diversity in the Boston and New York radio broad-
castings and the restricted range of B.B.C. programming.
Wiles argues that neither maximum nor minimum differenti-

ation on programs 1s a tendency under laissez-falre, but only

the most profitable degree of differentiation. If the mini-

mum 1s the most profitable then only mass programs are produced.

That brings Wiles' second proposition:

(2) "Under the relationships befween cost and revenue obtalning
for TV, minimum differentiation is most profitable to an
oligopoly or monopoly, maximum differentiation to a:
polypole.

To prove this proposition, Wiles uses some "imaginary"



figures. He assumes: (1) Six different types of programs:
One unprofitable, four profitable and an indefinite number
of "massAprograms". (ii) Community satisfaction is meésured
by the consumers willingness to pay. (iii) Consumers will
rather watch mass programs than nothing, but minority
audiences always watch their speéial programs if possible.
(iv) Prégrams are financed in any chosen way, and "profit"
is a hotional concept, the difference betweén what people
are willing to pay and the cost of the product.

Cost, ratings, willing to pay a price, potential profit

and "monetary" satisfaction are described in a table for each

of the TV programs broadcasted by four different organizations.

1) A "satisfaction" - maximising monopoly with fi?e-channels
where the unprofitable program is not put on.

11) A "profit" - maximising monopoly with five channels
producing only one mass program, so that four channels
go unused.

111) A "profit" - maximiser duopoly with two channels, each

broadcasting mass programs, and

1V ) A 10-poly "profit" - maximiser with ten available channels:

four for "profitable" programs and six fér mass programs.

The figures show that the satisfaction in sterling pounds
are for the four cases 1): 94,000; 11): 60,000; 111): 62,000;
and 1V): 100,000. So the duopoly produces less satisfaction

than the "profit" - maximising polypoly and the "satisfaction!
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maximising monopoly.

From the above table Wiles also "proves" that the
maximisation of ratings is a very poor substitute for the
maximisation of profits or satisfaction.if'more balanced
programs are desired. That impl;es that TV financing basged
upon ratings do distort the "public Wishesﬁ.

Wiles! article.is an attempt to improve Steiner's

model} In his article he allows for differences in the value

that viewers place on different programs, and for different

monopolistic and oligopolistic organizations. Nevertheless,

his conclusions are rather tautological, they are almost
identical to the "assumptions" of his model. Even if that
were not true some of his hypothesis are too arbitrary:

"Faute de mieux, then the prices are invented". (p. 200).

¥ The Economic Journal, June 1963.
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THE ECONOMIC VALUE OF THE SPECTRUM

RESOURCE IN BROADCASTING AND LAND
MOBILES -- Perrakis, S.
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