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PREFACE

New commercial broadcasting stations constitute one of many
groups of claimants to scarce radio frequency spectrum space. A large
block of spectrum space has, of course, already been allocated to

television broadcasting. Virtually all assignments in the VHF band are
in use, but many assignments in the UHF band remain empty. The purposes
of this study are (a) to estimate the number of commercial UHF television
stations that are likely to come on the air between the present and 1990,
and (b) to determine whether spectrum resources already allocated will be
adequate in meeting this demand. Collaterally, the study seeks to

determine whether some spectrum space now allocated to commercial UHF
broadcasting will continue to lie idle and therefore subject, in the
ublic interest, to reallocation to competing services such as land mobile

radio. Taking 1974 as a base year, the study examines relationships among
the existing stations and such variables as the number of television house-
holds, the growth of cable television, and the competition from overlapping
television markets. It projects the number of stations along various paths
into the future, depending upon certain underlying assumptions--including
some affecting new services such as pay television. The basic model

underlying the projections in this report is being made available in
computer form to the Federal Communications Commission so that the Com-
mission can make its own projections, based on a wide range of alternative
assumptions, and can update the model as new information and data become
available.

This is one of several studies within Rand's Communications Policy
Program, supported by private foundations and by government agencies.
Earlier studies have concentrated on the development of cable television,
the services it might provide, its impact on over-the-air broadcasting,
and its implications for regulatory policy. Other Rand studies in

the television field have analyzed the Fairness Doctrine, prospects for the
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emergence of a fourth television network, the use of telecommunications

technology for the delivery of social services, and the impact of

television on social behavior.

During the course of the project,#several persons provided

valuable help. They include Bryan Ellickson, Joseph Grundfest, Bridger

Mitchell, and Richard Neu of Rand, Stanley Besen of Rice University, and

Bruce Owen of Stanford University. Of course, the authors are solely

responsible for the contents of the report.



SUMMARY

Using a wide range of alternative assumptions, we conclude that the
number of UHF commercial broadcasting stations will continue to rise between
now and 1990. However, except for a few scattered markets, existing
spectrum assignments appear adequate to accommodate this growth. In fact,
even under our most optimistic assumptions about the growth of UHF stations,
our projections indicate that a substantial number of assignments may
remain unused in many markets. By shuffling these assignments among
various markets in accordance with our projections and taking technical
limitations into account, the FCC may be able to clear some additional
spectrum space on either a regionwide or nationwide basis for reallocation
to other competing services.

These projections are based upon analysis of 1974 data involving
the relationship in 197 markets between the number of existing UHF stations
and other characteristics of each market including: (1) the size of the
market, (2) the number of UHF stations in the market, (3) the fraction of
homes in the market that have television sets capable of receiving UHF

signals, (4) the fraction of homes in the market that subscribe to cable
television, (5) the wealth of the market, and (6) competition from stations
outside the market. Based upon estimates of relationships between these

variables and the number of existing UHF stations in each market, we
project the number of stations in the 100 largest markets to 1980, 1985,
and 1990.

In our so-called "base case," where the only changes assumed are
population and income growth and the attainment of 100 percent UHF set
penetration, the number of UHF stations is projected to grow from about
124 to 194, for a percentage increase well in excess of 50 percent.

With this base case as a point of departure, cable television appears
to have rather little effect on the number of UHF stations one way or

the other. Under our most extreme assumptions about detrimental effects

of cable on UHF development, the number of stations projected in 1990
would run to about 160, in comparison with 194 in the base case--still a
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larger number than the 124 operating in 1974.

Without making any judgments as to the technical feasibility of the

UHF drop-ins proposed by the Office of Telecommunications Policy, we

analyze the effect on UHF of dropping in 76 VHF stations in our list of

the top 100 markets. We project that 57 of these VHF stations would be

viable. Of course, VHF drop-ins would reduce the number of UHF stations

below that of the base case--168 projected for 1990 compared with the 194

in the base case on one projection; 174 compared to 219 using an alterna-

tive equation--but again the number of UHF stations would rise from the

level of 1974.

We also consider the effects of competition from new services and

technologies, including pay television, videodisc and videocassette,

fiber optics, and the use of direct broadcast satellites. Assuming that

new services siphon off alternatively 10 percent, 20 percent, and

30 percent of the audience from commercial television, we still project

some growth in the number of UHF stations. In the most extreme case--

30 percent audience-siphoning--the number of UHF stations in 1990 is

projected at 167, still substantially more than the 124 operating in

1974.

Even when UHF set penetration reaches 100 percent, as we assume

for projections for 1980 and beyond, UHF stations will continue to be

handicapped by reception and tuning deficiencies relative to VHF stations.

However, the so-called UHF handicap will be reduced over time as UHF

stations increase their transmitter power, more people install special

UHF antennas, and new television sets with push-button or detent tuners

for UHF come into wider use. It is especially difficult to quantify

trends in the UHF handicap in our model, because changes in the handicap

cannot be distinguished from changes in economic conditions and other

factors that vary from year to year. Moreover, trends in the reduction

of the handicap will be greatly affected by future rulemaking of the

FCC with respect to issues of VHF-UHF parity. But making assumptions

about reductions in the handicap and/or improvements in economic conditions,

we show a substantial stimulation in the growth of UHF--perhaps as many

as 290 UHF stations in 1990 in comparison with the 194 projected in the

base case. We have also developed a model that does disentangle the
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elimination of the UHF handicap from general economic conditions and
other factors. With this model we project the effect of the complete
disappearance of the handicap (with economic conditions unchanged from
1974) to show a 1990 projection of 280 stations--61 more than the
comparable base case projection. In other words, we project that
achievement of complete parity of UHF and VHF by 1990 would result
in nearly 30 percent more UHF stations than if the UHF handicap
remained at the 1974 level.

In addition to the preceding projections made on the basis of
individual changes or inclusions of assumptions in comparison with our
base case, we examine mixed cases involving combinations of developments
that may be of particular relevance. Here we find that only under rather
extreme assumptions would there likely be no growth in the number of UHF
stations from 1974. These assumptions include (1) cable penetration
reaching a minimum of 50 percent nationwide and ranging up to 85 percent
in specific markets, (2) 83 VHF drop-in stations on the air, and
(3) 30 percent of the market siphoned off by new video services including
pay television and videodisc.

In contrast, we also take an "optimistic" set of assumptions including
(1) cable penetration ranging from 30 to 80 percent, (2) no VHF drop-ins,
(3) 10 percent of audience siphoned off to new services, and (4) a
favorable economic climate and substantial decline in the UHF handicap.
Even under these favorable combinations of circumstances, many specific
market assignments would remain unused in 1990 and might, then, provide
the basis for reassignments and reallocations to other services.

Overall, the following patterns stand out:

o In all cases there is a substantial increase in projected
stations between 1974 and 1980, reflecting primarily the
achievement of 100 percent UHF set penetration.

o Slower growth is projected after 1980.

o Cable will probably have only a slight negative impact on
the number of UHF stations. Even on extreme assumptions,
the reduction due to cable in 1990 is less than 17 percent
below our base case.
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o Loss of audience to new video services such as pay television
and videodiscs also has a relatively small impact on projected

number of stations. Even a 30 percent audience loss reduces

the 1990 projection by only 14 percent.

o The projected impact of VHF#drop-in stations is a 14 percent
reduction in UHF stations in 1990 based on one projection,

and a 21 percent reduction based on an alternative projection.

o The negative impacts of developments above may be easily offset

by improvements in economic climate or reductions in UHF
reception and tuning handicaps.

All these projections are based on a so-called "viable stations

model" based on estimates#of relationships between the number of UHF

stations operating in 1974 and the other variables listed above. This

model yields direct estimates of the number of viable commercial

stations in each market. However, when we began our work in late 1973

we expected to use more roundabout ways of projecting the number of

viable stations. All would yield projections of stations' profits,

and profitability would be used as an indicator of economic viability.

We tried three different ways to project television station profits.

The first was drawn from the FCC's work statement in its request for

proposals, which suggested a procedure with several steps including

estimation of television market revenues, partitioning these among

stations in the market, and subtraction of estimated expenses to arrive

at profit predictions. A second method involved estimating profits

directly rather than as the difference between estimated revenues and

estimated costs. A third focused more explicitly on television station

behavior in which the station was viewed as a firm that chooses its

expenditure level to maximize profits subject to competitive pressure,

public service obligations, and other aspects of its environment.

None of the#20three methods of predicting station profits did a very

good job, particularly for stations handicapped by UHF transmission

or lack of network affiliation--precisely those stations in which we

are most interested in terms of implications for future spectrum needs.

Furthermore, even good profit projections would have been dubious indicators

of viability, since many stations report losses year after year and still

remain on the air. Therefore, we rely on the more direct method of our
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viable stations model for all projections.

It is unfortunate that none of the three financial models led to

useful results. Had they done so, we would have gained insight into

how economic factors affect decisions to construct and operate new

television stations. Part of the difficulty may lie in differences

among financial circumstances of stations apparently equally situated--

differences reflecting such factors as skill of management and operating

mode--that are difficult or impossible to take systematically into account

in econometric modeling. Another difficulty may be that the financial

data supplied to the FCC by the stations are simply unreliable. With

respect to the latter, general and administrative expenses are particularly

susceptible to wide variations in accounting treatment. Since the FCC

is not in a position to audit financial statements or to cross-check

against income tax returns, the seriousness of this problem cannot now

be assessed. However, we must emphasize that the reported financial

positions of firms in our analysis are quite sensitive to the level of

expenditures they report to the FCC. For the industry as a whole, "general

and administrative expenses" are about equal to total industry profits.

Thus, a 50 percent reduction in general and administrative expenses would

increase profits by 50 percent, while a doubling of general and administra-

tive expenses would wipe out profits. Recognizing this problem, the FCC

has recently authorized a separate 13-month study to examine ways to

improve the reliability of financial data--a decision by the Commission

that we strongly support.

These unsuccessful attempts to use station financial data for

projecting numbers of stations carry important lessons:

o The large variation observed in the profits of apparently
equally situated stations suggests that financial data filed
by individual stations have little usefulness for policymaking
purposes. Although the figures in the aggregate are useful in
providing an overall measure of how well the industry as a whole
is doing from year to year, comparisons of individual station
performance are questionable because of problems with data
reliability and because of differences in station operating
modes and other factors that cannot be systematically taken
into account. The resulting nonsystematic variation in profits
makes it impossible to predict with any precision the smaller,
systematic effects of policy changes on station profits.
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o Even if it were possible to predict profits, this would not
provide a good indication of viability, since many stations
report losses year after year and continue in business.

o Total audience increases very little as viewing options
increase.

o The problem of the UHF handicap shows up consistently when-
ever we deal with individual station data, whether it is in
terms of revenue shares, profits, or a revenue and expense
model.

o To the extent that the large variation in profits of equally
situated stations does not reflect simply differences in
station accounting practices, then a good deal of flexibility
exists in the system; there seems to be room for different
modes of station operation, all viable. Certainly stations
will react to competition from new technologies by adjusting
their operations in ways that soften the impact on profits.
Indeed, the relationship between competitive factors and profit
is so tenuous that any impact of new technologies on profits
may get lost in the static.
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I. INTRODUCTION

As demands for various radio services continue to rise, the
problem of scarcity of radio spectrum space becomes increasingly
severe. As in the case of other natural resources, such as land, oil,
and metals, pressing questions arise as to how best to allocate this
resource among competing uses. To be sure, spectrum space is different
from other resources in that it is not depleted after use; that is,
were over-the-air broadcasting suddenly to cease, the radio spectrum
would still exist for other uses unlike, say, coal where once used the
resource is gone forever. Still, at any particular time we do observe
spectrum congestion, at least in many frequency bands, along with pres-
sures by other users to retain whatever rights they currently have to
the use of spectrum space.

THE USE OF RADIO SPECTRUM IN TELEVISION BROADCASTING 

A large portion of the usable spectrum has been allocated to tele-
vision broadcasting--spectrum space which also has other potentially
valuable uses, especially in land mobile radio and for government pur-
poses. Of the 930 MHz between 30 and 960 MHz which are especially
suitable for these purposes 408 MHz, or about 40 percent of the total,
is devoted to television broadcasting in VHF channels 2 to 13, and to
UHF channels 14 to 69.

In view of the large portion of spectrum space allocated to tele-
vision broadcasting, questions arise as to whether some of this space
should be reallocated to other competing needs. With respect to VHF
broadcasting, possibilities for reallocations are remote (though pos-
sibilities arise for "VHF drop-ins" currently under consideration by
the FCC, as discussed in Section V below). For nearly all of the

Office of Telecommunications Policy, The Radio Frequency Spectrum:
United States Use and Management, Washington, D.C., January 1973, pp. D-38,
E-3. As a result of an FCC rulemaking in Dockets Nos. 18261/2, UHF chan-
nels 14 through 20 are being shared with land mobile radio in the largest
25 urban areas, and 84 MHz of spectrum space (UHF channels 70 through 83)
have been transferred to land mobile radio.



2

commercial VHF assignments to specific markets are already in use.

Of the 319 assignments made in the top 100 markets, only 29 remained

unused in 1974 in the markets shown in Table 1.
* 

Thus, there is little

room for reallocating VHF channels to competing uses. Moreover, most

Table 1

UNUSED COMMERCIAL VHF ASSIGNMENTS

Top 100 Markets, Beginning of Year 1974

Market Rank Market
a

VHF

Assignments
VHF

On the Air
Unused

Assignments

32 Denver, Colorado 5 4 1
43 Phoenix, Arizona 8 5 3
45 San Antonio, Texas 5 3 2
48 Salt Lake City, Utah 13 3 10
61 Flint, Michigan 3 2 1
67 Wichita, Kansas 11 10 1
81 Albuquerque, New Mexico 9 3 6
85 Sioux Falls, South Dakota 8 6 2
89 Duluth, Minnesota 5 4 1
98 Fargo, North Dakota 6 4 2

SOURCE: Table A-2, Appendix A.
a
Defined as "area of dominant influence" (ADI) in accordance with usage

of the American Research Bureau.

of the unused VHF channels are concentrated in sparsely populated areas

of the country where spectrum scarcity poses little problem. All of the

unused channels are assigned to outlying communities; none is assigned

to the city for which the market is named. The 9 allocations in

Albuquerque and 13 in Salt Lake City reflect the fact that the geographi-

cal areas of these two markets are very large, covering all or portions

These and subsequent numbers exclude allocations and stations in
six "border" markets, including two in the top 100, Buffalo and San

Diego, near the Canadian and Mexican borders, respectively, as described
in Appendix A, p. 1.

Om.
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of several states, so that a large number of assignments are possible.
But most of them lie fallow, and may continue to do so into the fore-
seeable future. Since nearly all VHF channels are already in use,
and since our subsequent projections show no decline and at least some
increase in the number of stations during the period relevant in this
study, we will concentrate our analysis on the prospects for growth of
UHF stations.

The situation is far different for UHF. Of the 435 commercial as-
signments in the top 100 markets, only 124 were in use at the beginning
of 1974. This situation reflects the problems that UHF has had through-
out its development. Many early TV receivers did not have a UHF tuner;
it was only after the all-channel tuner legislation was passed in 1964
that later sets were required to have UHF tuners. Even then, UHF suf-
fered the handicap of receivers having continuous rather than detent
tuners, and tuners for which, according to some observers, technical
standards were set too low to provide reception generally as good as
that on competing VHF channels. More recently, FCC rules have gone
into effect to require new sets to have detent rather than continuous
UHF tuners in an attempt to reduce or eliminate the disparity between

the convenience of tuning VHF and UHF channels. Furthermore, the
propagation characteristics in the UHF portion of the spectrum are
not as favorable for broadcasting as the lower VHF bands. In some
cases, larger and more expensive antennas are required than is the
case with VHF. In many places, the viewer can get along with rabbit
ears for VHF but has to install a rooftop antenna in order to obtain
adequate UHF reception. To the extent that UHF stations go to higher
transmitter power, this handicap will also diminish.

However, the manufacture of TV receivers with better UHF tuners
is only one of several technological developments that will affect
the development of UHF and the use of spectrum in the future. The
growth of cable television and the refinement and commercialization of
videodisc technology provide the means for television service without
use of over-the-air radio spectrum space. Some observers have specu-
lated that in the longer term the continuing growth of cable television
into a "wired" nation may very substantially reduce the need for over-
the-air broadcasting, so that large chunks of spectrum space can be
allocated to other uses. 

6111ft... 



Thus, several developments operate in opposite directions with

respect to pressure on spectrum space. On the one hand, the continu-

ing reduction in the UHF handicap will increase the number of UHF

stations on the air. Also, continuing growth in population and in

household income will stimulate UHF growth. On the other hand,

the continuing growth of cable and the possibility of videodisc tech-

nology developing to the point of having an attractive home market could

work in the contrary direction.

As shown in Fig. 1, the number of commercial UHF stations has

grown, particularly since 1964 (when the all-channel tuner requirements

were introduced), although there has been some tapering off in the last

four years, perhaps as a consequence of overall depressed economic con-

ditions. From 1974 onward a number of growth paths are plausible.

Growth path A, for example, showing a sharp increase in the number of

UHF stations, paralleling the growth from 1964 to 1970, might occur

if the UHF handicap continues to decline, the number of television

households grows rapidly, and no inroads are made by technologies such

as cable and video-discs. The more moderate growth path B is an extrapola-

tion of the overall 1954-1974 trend. It might result from a less rapid

response in the number of UHF stations to the continuing decline in UHF

handicap. Growth path C mirrors the 1954-1970 swing, and would suggest

a decline in the number of UHF stations, perhaps under competitive pres-

sure from cable, but eventually an upturn as a consequence of the longer-

term decline or elimination of the UHF handicap placing UHF on full

parity with VHF. Growth path D shows a continuing decline of UHF sta-

tions occurring possibly as a consequence of strong pressures from cable

and videodisc, a lack of success in eliminating the UHF handicap, and

perhaps a reduction in the growth rate of TV households below previous

estimates.

THE FUTURE USE OF SPECTRUM ASSIGNMENTS 

In general, then, given these and other pressures, to what extent

are new stations likely to come onto the air over the next 10 to 15 years?

Will the industry grow to make use of most or all of the unused UHF
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6

assignments? Obviously, these questions are difficult to answer since

so many factors arise whose effects are difficult or impossible to

trace; moreover, new developments that we simply cannot now foresee

are almost sure to intrude over a period as long as 10 to 15 years.

Despite the uncertainties, pressures on spectrum use will require that

the FCC continue to make major decisions about allocations and reallo-

cations of spectrum space. In response to this need, the Rand study

involves techniques for projecting the number of commercial UHF sta-

tions estimated to operate in individual markets for the years 1980,

1985, and 1990. These projections have been made on the basis of

analyzing the major determinants of the number of commercial UHF sta-

tions that operated in 1974.

More specifically, we have undertaken a cross-sectional analysis

of 197 television markets in the contiguous United States to determine

how the number of UHF stations in each market in the base year 1974 was

related to such variables as the number of VHF stations in the market,

the number of TV households, retail sales per household, and degree to

which signals from separate markets overlap to increase viewing of out-

of-market signals and hence increase competitive pressures (for example,

Washington, D.C., signals being viewed in Baltimore). By projecting the

number of TV households and changes in the other variables (based par-

tially on estimates supplied by the Department of Commerce Bureau of

Economic Analysis) to the years 1980, 1985, and 1990, and assuming that

the same relationships will continue to hold between the number of UHF

stations and these variables observed in 1974, we are able to project

the number of UHF stations for each market for 1980, 1985, and 1990.

In addition, we are able to take other factors into account, such as

the continuing growth of cable television, pay television, and use of

videodisc technology.

As one would expect, projections of number of UHF stations depend

critically on the assumptions made in 1975 about the growth and the

effect of new developments such as pay TV. Because this is an area

where a good deal of uncertainty exists, and one where the "experts"

simply cannot agree on all facets, we resort to the common technique


