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I. - INTRODUCTION

The first international radio conrerence was held in Berlin in'l9Q6 to

' allocate radio frequenc1es bhetween 500 and 1500 KHZ. - since that time the
demand for radlo spectrum has 1ncreased exponentlally.‘ The internatioaal:

and domestic allocatlon of portions of the spectrum to dlfferent uses, and

the a551gnmeht of spec1f1c frequenc1es to dlfferent users hlstorlcally has.
‘been an administrative process. The‘radio spectrum has been recegnlzed as

a gcarce natﬁraifreseqrce that is subﬁect:to administrative aliccatien by
vﬂ.nationa;‘government ahd'iaternatichal agencies rather;than'eceAOmicmailccatioa;

by private markets, -

~As demands for increasing.use.of the spectrum have grown-aramatically

over tlme,' the economJ.c value of major: portlons of the spectram also has '. g.
Llncreased dramatlcally In turn}ithe problems_and costs ef,congestron and

. 1nterference have rncreased 51gn1flcantly 'Eridence has been_unccvered -
demonstratrng.thevlnefflclent use.cf portlohs‘ofhthe'sbectram‘as_ﬁeasared,t
?in“traditional eccnemic”terhs. ‘Ah{administratire precess that-aliocates

valuable spectruﬁ-withcut charging_a "price".to'users“has come-to bé’f'
recognized.astne’that,provides incentives to prcmote the wastetul use ofi
the‘spectrum resource and to encourage cneconomic'steckpilihg'of spectruﬁ..

" licenses.

For more than a decade, professiohal journal artiéles;‘studies and
' reports, in the U.S. and Canada have addressed various aspects of the problem

of recognizing economic factors in the process of allccating the radio

" spectrum. The issue was discussed in the U.S. in the'1968.President's Task
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Force on Communications Policy. It Was discussed:in-Canada in Instant World,
1971. Most recently, it was dlscussed in the l977 Optlons Papers of the U S.
1 House Sub-Commi ttee on Communlcatlons as part of ltS reconslderatlon of the

~l934 Communications Act.

Because congestion.is_greater‘in-the:U.Sf‘thannin Canada:the P?Oblém;'>
;'has'beenhaddressed ln more detail‘and depth~ouer~a.loncer period’of»timel;
Vrn the u.S. than in, Canada, but the problems for Canada remaln essentlally
the same. Canada S spectrum allocatlons are lnfluenced slgnlflcantly by ;f;if;
;{C S developments because the .same, spectrum problems generally arlse flrst
";ln the U s., and the close.proxlmlty of the two“countries.requlres-close>“
.1coordrnatlon and cooperatlon in. spectrum management In addltion, publlshed

. RE
.‘;lnformatlon about the crlterla and functlonlng of the process of spectrum

'::allOCatlon is. vastly greater in. the u. S than in Canada.f Thus, one flndsf:tsifh”S"

the vast majorlty of the releVdnt materlal on: the subject drawn frcm the
.S sltuatlon, whlle many of the fundamental wcrklngs of the . spectrum

allocatlon process ln Canada are not publlcally accesslble.‘

t'Sucgestlons for.modifyinc-theueristlng'administratiue process;off“"
{spectrum’allocation range:from_the_lncorporatlon ofieconomro»criterla lnto
.the administratiue allocatfon‘process to“the substitution of~private;§é?ket}
allocations for the-Administratiuevprocess.ffAmong'these‘suggestions,has
been adoptlon'of the concept.of lopportunltyicost“ffromieconomic theory”as'

a basis for improving the7efficiency of'allocation ofAthe.spectrum resource.~t.
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Although‘approximation of the concept of opportunity cost, at least in theor)i,.
could be incorporated into administrative decisions) opportunity cost:refers to
opportunities in\a private market,place. Thus, opportunity‘cost must be examined,
at least initially,'as part of a system of spectrum allocation_that relies on market
forces. tAs a secondary’application, one can examine the possible role of opportunity
-cost approximations in'a modified‘administrative process. It is the ObjeCthe of
_this paper to examine ‘the feasibility of incorporating opportunity ‘costs into the -
processes of spectrun allocation,_either directly through:private marhets oxr
‘indirectiy by'adjustﬁentslto-the existing:processﬂof,administrative'allocation.,
As.a.preliminary examination’of this question, this study makes'no attempt to test
empirically the’ operational feaSlblllty of any alternatives ekamined here. ,Nor does
- this study attempt to pursue the details of the spectrum ailocation process in‘Canada
' _‘ necessary for an examination of the specific operational feas.lbility of opportunity..

cost and other economic concepts.

'This.study reviews the existing literature;'studies and proposals in the U.S.

-~ and Canada relatiné to possible_modifications in.therallocation process to

incorporate opportunity costs or'other.economic criteria.,'This review'is'based
upon a recognition of the evolVino technical’ characteristicsmof spectrum‘usage{'
“and the history of the allocation process. It recognises‘that the current interest
‘in incorporating specific'eConomic factors into the'spectrum'allocation'process

isva uniuueiy ﬁorth American phenomenon. :For the_most'part,’most countries and
international agencies involved in‘the allocation process have been either
indifferent or hostiie to such considerations; nIt also recoénizes that the existing
literature, studies and proposals relating to opportunity cost refer, for the most
“part, to the U.S.‘ ‘experience. ; 'I‘his preliminary investigatlon is addressed primari, ’
- to a‘criticalvreview and assessment of that material in terms of its‘relevance;and N

potential applicability-to the spectrum alloCationAand assignmentdprocessvin Canada.p




~ The concept of 0pportunity cost from.neoclassical'economlc_theory ishf
Vrev1ewed ln terms of>1ts appllcablllty and potentlal.feasrblllty.rn the
:allocatlon.process., Proposals to 1ncorporate economlc crlterlaj;nto the )
spectrum allocatlon process are enamlned -Suggestions for*more uetailea

]research and analysls are made

- .II. . HISTORY OF. THE ALLOCATION. PROCESS = = '

The Radlomagnetlc Spectrum and the Process of Spectrum Allocatlon

ﬁs‘h-fpl"‘ The radlomagnetlc spect*um consrsts of the frequencres of electromagnetlc
vradlatlon lylng between approxrmately lO OOO and lOO OOO 000 OOO cycles per
{”fi;fffgp-second._ Thls radlatlon is a. form of energz (analogous to llght and heat)

;lwhlch can be’ transmrtted through space or: alr. It travels at the speed of

.Nillght. It is: essentlal.to reallze that electromagnetrc radratlon.ls not a:?n
-_dlscrete quantlty mlth'measureable'dlmen51ons of . space or tlme.f-It ls aftli.fzh[a“f}
':flow from rts source of.successrve maves of energy The radlomagnetlc |
':spectrum is the range of wave'lengths of whlch such radlatlon con51sts.§é.

‘It.rs a unrgue natural‘resource mhlch_oyer>the past.éQ;years has proyrded»luu

all wireless or.radio communications..

: As-a natural resource.itfhas a number of unigue'characteristics,_all
of them contradictions;; As a resource whlch human belngs use, human.rlghts.i
.'to its use have grown as. its’ use has grown ) It lS thus a form of "property
but contradlctorlly 1t has not been treated as susceptlble of belng made4'=
\. ." "pr;vate" property. ‘ The essence of prrVate -property J..S the rJ.ght'\ to deny_ .,: e

others the right to use'something.; But:one'siright_to uSe.the'radio spectrum L
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imposes the obligation to-use it in such a mannerzas to’permitmothers to
use it simultaneously.._This was vividly exemplified during'World war II
mhen the warrinc powers continued_to respect each others' rights,to use

the radio spectrum, and continued to notify the Berne Bureau of 'frequency

'registrations; -From .the first international conference on the radio

spectrum (1906) onwards, no nation has asserted on behalf of. itself or
its citizens any right to "ownership" of the radio spectrum : Instead,_-

"title" to the spectrum remains international social property in law.

This is because, the physical character of the electromagnetic sPectrum:

' - is different from other resources;f Whereas»rightslto land, water and air

are all measureable in three finite dimensions, the radio spectrum is not.

' Land, water'and air consist of'matter- the radio spectrum consiSts of the

behaviour of energy, which moves in ways measurable ultrmately in. terms of_

probabillties. Itnis'non-finite,.and nonvdiscrete,

A second striking contradictory'aspect of the radio'spectrum as a

natural resource is the fact that it is not susceptible of depletion
Pthrough use'as are land{ water and air;‘rather it is self—renewing.~fThe

euse of the radio spectrum creates'"interference" which might be thought

of as "pollution" of the radio spectrun. It differs from pollution of the

‘land, water and air, however, in that when the cause of the interference is

removed, the qualities of the radio spectrum are immediately restored to

their pristine condition. Moreover, this "interference" is not a side-
effect of efforts to. use the radio spectrum as is often the fact with
pollution of land, water or air: it is tne inescapaple&result'of5our‘increasing'

use of the radio spectrum. It is one form of social~cost that'society pays

ffor'the'benefits'which that use creates. And it is precisely the purpose ‘

of radio spectrum management to reduce and control that cost in order to




optimize the results-of that use.

'.A,third contradiction exists between the.impossibility of ownincfthe
.rlghts to use the radlo spectrum on the one hand and.the hlghly sensltlve
relatlonshlp which ex1sts betWeen the rlght to allOcate and use the radio
'spectrum for defense, 1nte111gence, and dlplomatlc purposes on the part of
'the natlon state. The power to control.allocat;on of_the\radlonspectrumf
:lles very 1nt1mately w1th SOVEIElgntY;f High national:diplonatlc purposes-"Jl

"fexplaln why forelgn offlces of major natlon states w1ll always control

'l}national pollcy on rad1o frequency allocatlon. ThlS contradictory aspect}{:ﬁ‘;.'”

:.fcf radlo frequency allocatlon 1s a factor barrlng sc0pe for market forcesn“f
'-mln spectrum management whlch is. generally 1gnored by economlsts who promote

‘.market forces.»

For present purposes,tlt is not necessary to spell 0ut 1n any detall
:2the breadth and depth of effects of the use of the radlo spectrum 1n1f;
:economlc, polltlcal, soclal and cultural terms ‘ All of the llterature on .g

-TV and radlo broadcastlng, on communlcatlons satellltes, on" space programs

':(for every controlled object 1ofted 1nto outer space is a. form of communlcatlon K

satellite), on communlcations\hardware‘of thefmilitary and intelligence.
communltles, on computer science, on telephony, on cable TV, on "CB" radlo
and all appllcatlons of radlo for publlc safety —-— attests to the scope

and extent to whlch advanced western countrles ‘have used the radlo spectrum
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In simplest terms., spectrum management is a process:of three mutus.lly- .

" determining steps. The most:significant step is the'detefnination that
séecific classes of use shouid.be made of sub—sections (bands) of,the

spectrum resource,according'to specific enéineering standards.. Where possibie
these world standards are loose enough to permit Variatlons between regions
(which is why standards for TV broadcast have varied w1th1n Europe and as
between Eu:cope and North 'Anierica‘) . The second. 'step is the determination

for a given frequency bana'and a given‘ciass of nsers'of the geoéraphic-
b»;.locations of transmitters in light of the englneering standards to be used

Hin‘a‘tegion or nation. ‘for example, the esslgnment of TV stations.to | |

" particular Cities;.. And the third step 1s the determlnatlon of the identity'f

' of.the.licensee who Wlll use.the:spe01f1c.iocation for a txansmitter'in a_

given class of service, operating according to specific standards. - - . - .

ThevInternetionel Telecommunioations.Union;(ITﬁizisje séeoislized
'egen‘cy of' the United. Nations 'which‘.providesfor: -intexnational spectrum' al.’vl.ocat'i_ons.
World Adn\ini.stfe.tive R.a:dio Conferences : (WARC) ..i'nvo.’ll.vi:ng the membef' oountries .
.of ITU, perform the international.ellocation.fnnction;' The internationai:
ass_ign_ments a;r:e made by the WvARé:,, or more frequently hy the membex nations

directly affected. International notification is provided through the -




I'r\Z

"*,'restralnts for servrces that are 1nternatmonal ln character, e g., satellxte o

‘ systems and aeronautlcal radlo.‘ They place few, 1f any, restralnts on

8.

International Frequency.Registration Board (IFRB).. In”addition, Canada has

i, bllateral agreements with the. U.S.. for notification_of spectrum use. .

\

The ITU allocation decisions.made at WARC's’are implemented by International ‘

Radlo Requlatrons._ These regulatlons speclfy the permlsslble seIV1ces and

Juses of the dlfferent radlo bands, provrde technlcal rules for. partlcular
. servrces and establlsh arrangements for 1nternatlonal notlflcatxon and

.-dlscusslon of spectrum use. The radlo regulatlons prov1des speclflc, detalled

d~radlo users that are’ solely domestlc. ;f'ﬂj .

As a predlcate for our analys1s of the applxcablllty of opportunlty ‘

{fcost to the management of the electromagnetlc spectrum, it ls necessary to>
7:f}recognlze the questlons about the nature of the present problems 1n such>
'smanagement.. -In Canada,Aprox1m1ty>to.the Unlted‘states ralses pollcy problems>
dln radlo spectrum management caused by such.prox1m1ty as’ well as pollcy if}
;-“problems‘arlsrng from our domestlc.srtuatlon.' Because,_for a yarlety Oﬁdi‘
 reasons, radio spectrum *pfobi;m.;, 'a'rigi'ng in the United States are mga;a‘t_;l'y*’- ‘

. and dlrectly experlenced 1n Canada, 1t is necessary for Canada to take .

account of and seek to antlclpate the develOpment of such problems in the
Unlted States. In the U.S. severe congestlon'has developed in two areas: s

(l) Land Moblle radlo servmces and Publlc Safety servrces,.and (2) the

'1nterface between satelllte frequencles and terrestrlal mlcrowave servrces.

'And whateVer solutlons are found for these congestlon problems 1n the Unlted

States wmll present repercuSSLons 1mmed1ately for Canada
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Canada's indigenous domestic problems were suminarized'in Instant World ) ‘

(1971) aé follows and may réﬁreéent our present problems :

1. vpreventibn/éontrol of man—made'noise (othér than’from teiecommunications 
eqﬁipment) below 500 MHz;"- |

2.  congestion in the.Land Mobilé services, especiélly at 150 MHz;x

3. céngestion in the microwave relay bands'around majo; qiﬁies; A

4. 'conéestioh'in powér iinewcérrief.freéuenéiés in stgjéreés;.i

5} congestion inimaritime baﬁds Qh the weét coasf;_éﬁd

‘6. .problems of.shafing‘ﬁerrgstrialléna space fréqugn#iés.;f(p. 132—3)

.Cémmoﬁ‘toithe u.s. anaaCahéda'afeArigidities‘aésointéd withjﬁatioﬁ;l

usloékvaiiﬁcéﬁions,"‘éiﬁhougﬁ Capaéé{s alléqatioﬁ t&ble istséid fo}be hbrév

‘flexiblg fhanvthat of therniﬁed Spétes;v'oﬁhér‘préblemé sﬁrfaciné.acﬁte193

‘elsewhere in the world will be thrust on the U.S. and Canada at WARC 1979}"

~as noted below.

Before analyzing the reaspﬁs for thése probié@s,.a fﬁr£hef ﬁédeééax&n
~predicate‘is a Qéneral ﬁéﬁsidéréﬁioq of the “prbblém“ 6f “sbaréity? and
chngestién"'in :gdio frequéﬁcy ééebtrﬁm managemenf.-'Vsééicity"'is¢a’téfm':
i ,tiéa to.resoﬁrcéé with fiﬁite/fdiécrete ﬁnits. in'order‘touévoid fhe
chﬁfusiop caﬁsea by the implicafions-bf “scércit§"_it‘is préférable'to-x 
spéak of "limits" in the_radid sPegtrum.v;And limits are'of‘two kinds¢.'
tﬁoéé at the extensive.fiohtiérfof'radioispeéﬁrum R;‘andlb.; ;pd.tﬁase aﬁ
ifs’inﬁedsive mérgin (whére all man-made intéfference and ndisg exist).
W.R, Hinéhman stétes: |

"It is important to note, however, that any number of users
may radiate radio energy of. identical.frequency characterigtics.
‘simultaneously; the radiation of such energy does not deplete

. the spectrum to render another use impossible. It is the =~

- interaction of incompatible uses, not physical scarcity, which

- may_destroy or limit effective use of the spectrum.... By
-intensive spectrum use, we refer to the simultaneous compatible
-use of the same spectrum resources by more than one party; as. - .

- contrasted with extensive spectrum use, which means use of
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hitherto completely unused spectrum resources." 1/

The bas;s'of the present limits-on the use.of‘the radio specttum‘is:
(1) willingness to apply R. and D. to petmit hcre ihtensiue_use.of‘the
spectrum, and to explcre'the”egtensiVe-hafgin‘(presehtTy‘hetweenizé'and 90 -
GHz);'(Z) wil;ingness_tondeveiop and enforce disciplihe to'deuelop<ahd“
work ccoperativeiy.ih‘maximizing compatible»uses of’the»spectrum (atvthe
intensive margih), and‘to accept thethecessary-obsoiescence‘invclved.i;.‘
.1nnovat1ng.hew uses and classes cf users-ln spectrum rahges.preulously
occupled by obsolete equlpment and practlces. ‘As’ Hlnchman obserVes-
“The latent communlcatlons.capaclty of the spectrum far
- exceeds any projected- demand, 1f one is interested in

7pay1ng the -price or imposing technical standards which
extract the prlce from the user," 2/

In short, the ultimate;;imlts on radio spectrum developmeht‘ahd use are

- political and economic, rathér than technical.

B. The Canadian and'b.S.IHeritage: What are the Allocations; Who Uses

the Spectrum and How°~

There is a hlgh correiatlcn betueen 1ndustr1al.deveiopment and use:f
of the radlq spectrum The natlons whlch first developed electrlcal electrchic,_‘
'_ ahd cther industry on aihass basis have.made;mcst_use.cf>the radlckspectruh..
The United States, Britain, FranCe,‘Gerhany; Netherlands;~and CanadafhaVe‘hade
.the éreatest lnvestments in radlo spectrum equlpmentsAand have led lh‘deueloplng.

the spectrum And from 1906 on. at a series of plenlpotentlary lnternatlonal

:;/ Staff Paper Seven, The Use and Management of the Electromagnetic Snectrum;f _
Part 1, President! s Task Force on Communications POllCY, Washlngton, D C.r o
June 1969, PB 184 421., p. 73~ 5.; Emphas15 added. L : ;

2/ Ibld., p 78'-.




~

such national frequency management confers. 1In this context, we turn to the . ’

, _ 11. .
conferences they have dominated the development of radio frequency allocation

on a world scale, focussed on the International Telecommunications Union.

. The process includes three interactive and mutﬁally determining-
stages: (1) The identification of types of use of the radio spectrum (e.q.,

radio broadcasting, marine, fixed public, etc.)’and'determination of

. standards (types of modulation, bandwidth) which are applicable’to both

transmitting and receiving equipment. (2) Assignment of segments (containing

_frequency-bands) of theispectrum to each of dozens of classes'of users{;and

determlnatlon of the geographlc locatlons at which transmlttlng statlons

dmay be establlshed, taklng account of the appllcatlon of standards establlshed
undexr (l). Thls latter phase of stage (2) ylelds "frequency a551gnments" -
-1ocatlons at whlch some llcensees may be authorlzed under stage (3) " {3)

" Licensing of lndJ.vldual 'transmltters to spec:.flc users, Whlle ITy- regulatlons : .

are worldnw1de in scope, lt was early recognlzed that mlnor dlfferences 1n

standaxrds and deflnltlons of band allocatlons were justifled as between ma]or o

‘reglons of the world, and three such reglons exlst (Reglon 1. Europe,;

plus Afrlca, As1at1c USSR and Near East Reglon 2. The Amerlcas, Reglon 3

»A51a, Australia, New Zealand and Qceania).  Either by regicnalfinternational .

agreements or agreements between user’gronps or both, the three'stages referred

to above are given more precise expression appropriate to the conditions and

‘needs within the regions. The nation states are the repositories of the
function of further refinement of standards, allocation.of bands to user

_ groups, the determination of geographic locations where transmitters may .be

authorized, and the ultimate step of licensing the actual users of the

frequency assignment,. They also hold the political_and'econdmic power which’

question of who uses the spectrﬁm.
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The mere fact of Unitod'States industrial pover makes it.necessary to
-answer the: guestlon of who uses the c‘pectrum in Canada in terms of the
ansner fqr-both the Unlted.states and Canada. In both natlons‘the table
" of frequency allOcations runs.fromhlo RHZ upWard; . In the Unlted States,’
below 30.MHz government'and non—government:users share_the-frequency.spectrum
approximately'equally. :From‘30'MHg to'l,OOO-Mszthe'government users have ' .
’.”ekclusive.use of 28;6% andlshare BVQ% wlth non—government:users (mho-f.
:exclusivelvause 63 25l." In thatvreglon of the spectrum 53% of the Spectrum.
.;lS devoted to broadcastlng (mostly TV), whlle Land Moblle has 4 4%. From .
vl OOO MHz to 10,000 MHz the government has exclus1ve use of 39SL and sharedA.
;use of 32.36, whlle\non—government uses have exclusrve use. of 28 7% Above fﬁs

_lO OOO MHZ the uses are chlefly experlmental on the part of government and .

L ’ 3/
'~¢',non~government uses.v

[sbverall 'thelU.é;fﬁederal government is.theﬁlargest.singleeuser5ofithe‘ﬁd*i;”M”
"radlo‘spectrum based ‘on the 1nvestment in equlpment.and amount .of. spectrum
wspace: In 1968 32 percent of the spectrum space between 30 and lO 000 MHz:

was- allocated for Federal government use exclus1vely, w1th a further 46 percent
tor shared use w1th.nonfgovernment users.; The U.S. mllltary uses 57% of all
bgovernment spectrum:assignments;; In additlon,.more than 28 other federal
l,departments.and agenciesiuse-theAspectrum. léome}llB,OOO frequencv assignments
("stationsff:Were licensed to;FederalIgovernment‘at theiendgofTISE?.::At thath

time the Office of Telecommunications-Management stated that»thelthen\depreciated~-?

'3/ Ibid., p..36, and Appendix B, Figure D-9. Data are-as of 1968;i,f
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investment in spectrum—dependent equipment owned bv the Federal government .
was $20.5 billion, as compared to SlB billion for non-federal government
users.‘ Further that annual purchases of such equipment had a ractory sales
1 value of $l3 4 billion for the Federal government and $l3 6 billion for

4/

'non~Federal government users., -

Information is lacking'with respect to profitability of the users of
the radio spectrum; as- well as more recent information on spectrum related
investment and sales in the United States. Similarly data are lacking on

'developments concerning allocation decisions of the FCC folloWing 1968

- The Canadian frequency allocation'table bears a strong resemblance to .

vthat'of the United States. - When one recalls-that the majority of thev

"Canadian population liVes within 200 miles“of the U.’S'. border;: the fact that .> .
 Canada and the U S. have an agreement which governs the frequency aSSignments'

.:of TV stations up to 250 miles from the border reveals Canada‘'s” dependence

on the U.S. allocation plan,. Other SLmilar agreements between the two.

‘ countries restrict Canadian discretion according to the frequencies and

serVices involved at various distances from the border.

4/ A further non-spectrum-dependent investment (depreciated) by the Federal

. Government in electronic products was $28.7 billion and of non-Federal " )
government users, $25.1 billion. For both Federal and non-Federal users,
the spectrum dependent investment does not include value of antennas,

.. buildings, land, etc. necessary to operate electronic communication systems,
Qffice of Telecommunications Management, The Radio Frequency Spectrum:

United States Use and Management, Appendix B, Ibid., September, 1968 ’ ‘




»bAccordingly we are unable at thlS time to answer such questions as e. g., '

how much of spectrum space is aSSigned to’ the government and non—government

4.

At the end of l976_canada had SlS 222 radio stations licensed of

'*»which the "General Radio Service" (including CB) accounted for 210 57l

Information is not readily available from which one can analyze the Canadian

- table of allocations._ In part this stems from the fact that Canada ‘has no

counterpart to the Administrative Procedures Act in the Uu.s., which

_requires.the FCC to hold-a'public rule—making proceeding in matters like .
-spectrum-allocation, Such’ a proceeding~permits~all<to*become informed'about

‘]the relevantvsituation;” More time would be required than - is presently

available in which to assess the extent to which Canada has any discretion

in the baSic elements of radio frequency allocation, e. g. dealing in terms

© of its own interest With definitions of classes of users, the bands of

frequenCies asSigned to them, and the pertinent engineering standards. ‘

‘users? How much of the former is assigned to the Canadian military° Howuﬁ

" much to the American‘military in Canada?-“

C. Criteria for Allocation: Administrative and Economic Factors -

In all nations the'management of»the radiofspectrum.is tightly.controlled

by national‘governmentsV-—.the U.s. and"Canada,'especially the former,-heing

by far the moét ‘open to,public knowledge., In. the United Kingdom, for etample, .

the table of allocations is not public information, nor is. the baSis of '

frequency allocation policy. The organization for the management of the»

spectrum is the most significant aspect of spectrum management policy. In the“

United States it is: quite visible, haVing been the object of manv published




"(the military, the.National Bureau of_Standards, the FCC);

. aided by the Joint Technidal:Advisory Board_(representiné industryitrade
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studies. The very substantial amount of frequency space used by the Federal

Government is managed by the Office of Telecommurioations Policy in the - .
Ekecutife Offices of the President. .It uses the interdeéartmental.Radio
Advisory Committee (IRAC) -~ representing:the Federai agencyvusers of the
spectrum -- for thelcoordination of requests for‘frequeﬁcy assignmeﬁts and

the enforcement of standaras and allocation policy. It pr0cessed soﬁe'35)000 '
appllcatlons a year w1th the ald of a 38-man technlcal staff in DTM (1968),

though beneflttlng from the technlcal expertlse of assorted agency staffs

For non-Federal government'users,'the_FCCVhas been the spectrum manager,

associations and the IEEE). A significant contradiction is iﬁbedded'in the

'U.S. Federal government's organization for spectrum management... If and when '

the FCC and IRAC disagree on an issue there is no‘organizational means of

resolving the issue short of appeal to the President in person: ‘the DTM -

has no such power. For decades this contradiction has plagued. the radio

spectrum managers in the UrS.'and recommendations that a single radio spectrtm
maaager be createo have peaked recently:in;urgent proposals to this7end.1§/
ﬁevertheless there is a powerful eentralizinQItendency evidentfeven tnder
exfsting Qrganizationailarragements. The position to be taken at ITU
coaferences.is determiﬁea'by the FCC, the DTM and the ﬁepartmert of-state and .
is treated as a matter of.prime diplomatic importance. The incoﬁgruity of

the relatively‘decentralized organization and the iméortance of.radio spectruﬁ

policy is high~lighted’ by Hinchman:

5/ See Report of the President's Task Force on Communlcatlons POlle and ‘
the Hinchman staff report 01ted above.
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"The lack of sufficient staff and funding is a frequent complaint
in administering agencies, and is therefore generally viewed with
- skepticism. In the base of spectrum management, however, .the
situation does indeed appear 'incongruous. As noted, this is
the one resource over which the Federal Government has maintained--
“and for technical and social reasons must continue to maintain --
- virtually. absolute control of allocation and use. Thus, decisions. .
- taken by. spectrum management authorities have far-reaching '
‘consequences for a telecommunications complex which now contributes
over $20 billion annually to the GNP, which affects. the social,
g pOlltlcal and economic well-being of virtually every c1tlzen, and
Wthh is a v1tal element in our: natlonal securlty.“ 6/ .

‘-‘ﬁIt:isxnotfpossibie:intthis»researchteffortlto‘ascertain‘the analoéous
'.1nformataon abont the organlzatlon of government)and non;governmentVspectrumijjgfﬂ
th management 1n.Canada‘ Publlc.awareness does.not extend, fortlnstance fto
the merlts or demerltsNof nhatener changes were maae in Canadlan.spectrum eﬁﬁ; j“:‘§
F;management organlzatlon mhen that functlon.was transferred from the Department
of‘Transport-to.thesbepartment5of'Communrcatlons;.to.howhthe mllltary,and L
- non%miiitary_government,séectrumhoréanized;}to€hoy:dispntesfarearesolyed betweenfhﬁ~
'.hciaimants.in:the-non~go§ernmentisector and those inathefgovernment sectorfftoj‘~'

';-hQW‘the Canadian‘position'to'be taken at ITUAconferences;is arrived at2

what is ti{éj ptocédilg'e for ‘ée'te?ﬁ_\i'niﬁg-' the f'ailoéa*%io_r‘i 65"4B»and'sﬁ' SET
frequencies to classestof nsers finclnding‘engineeriné standards‘for trans—
mlttlng and rece1V1ng equlpment)a In the Unlted States the procedure‘has a’.
slgnlflcant formal character. As’ 1nd1cated above, the FCC conducts publlc,;'5h*
formal rule.maklng hearlngs at whlch all aspects of the 1ssues may be explored.
ﬁor.government users thefprocedure is«similar exceptvthat:rt is-not*asgformal

'and is not open to the public.

-§/'_Hinchman}hsup. cit., p. 108-9. EmphaSis:added.
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The essence of the procedure, however, is approximately as follows,

The issues involved have been: . _

(a)

Whether the service'ihyquestion really requires the use of radio

or whether wire line is a practical substitute;

(b) -Radiorservices which are necessary for safety of life and property

| 4deserve more consideration_than those_which‘are more in the hature
. of conveniences or luxuries;

(c). ;here other'factors'are equal, the Commission attempts-to meet the
requests of those serVices which wlll render benefits to the largest
segment of the population,_-

Ad) Where the serv1ce meets a substantial:public'need”and has a. reasonable

, i probability of being established on a Viable basis;.'

_ (e)

(£)

Consideration of the most suitable plaoe'in the speotrum'to satisfy_vl

' the requirements of each particular service; . - . . . ‘

Consideration of industry and public investment already committed to .

a particular'frequency band. 7/

It is termed an "administrative" rather than an "economic" set of issues. It

ig also intensely a,political and pressure-group exercise, :The "market" only

enters intoc it through the fact that the industrial‘organizatiohs,which have

‘developed the necessary'equipmeﬁts and are interested in supplying or. operating

them are typically oligopolistic large scale'corporations, typically organized

in a trade association which vigorously supports their economic interest.

7/ - Robinson, J.0., "Spectrum Allocation and Economic Factors in FCC. SpeotrUm

Management,” IEEL Transacticns on Electromagnetic Compatibility, Vol EMC -

19, No. 3, August, 1977, p. 185
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' posltlon ig that outrlght private property rights: should be staked out in

D. Problems and Difficulties: Past, Present and. Future
The most serlous problem today as presented by the. electronlcs 1ndustry

and spectrum managers, is that the ex1st1ng natlonal block frequency allocatlons

are too rigid. They make 1nsuff1c1ent prov1s10n for frequency asslgnments
in some of the Land Moblle;serv1ces,>whlle other Land Moblle_seIVlces'have unused

frequency assignments‘and'while potential.frequency assignments.which could

be transferred to them remain unused in the VHF and UHF vV bands.-_"Congestion"

(1958),'"extreme congestlon" (1962), "acute frequency shortage"'(1964)-are

i‘the terms in. whlch the FCC evaluated the pllght of the Land Moblle and CB

'.5serv10es.- The number of Land Moblle statlons trebled between 1957 and 1967
_whlle CB grew from 28 OOO systems to 850 OOO _ Together these two. classes
“accounted for 90 percent of. all transmltters (6 mllllon) 1n the Unlted States
- in 1968." In addltlon there are problems of accomodatlng satelllteAserv1ce
| w1th terrestrlal serv1ces, partlcularly mlcrowaye relay in the spectrum‘above

.l‘GHz;'

The prolonged debate about the "Sllent Crlsls“ as lt is sometlmes known,.--
has for the flrst time- attracted much attentlon from academrc economlsts,_l"

lndlrectly stlmulated by the partlclpatlon of RAND economlsts in. studles of

' the economic aspects of communlcatlons satellltes in the early 1960s. The .

thrust of the econom;sts argument has been that "market forces" should be

introduced into the'process of'allocating the radio spectrum.' Thelr hardest

the radio spectrum, Fallrng thls, then "shadoW'prlces" or “auctlons" should-

. be melded into the “administrative" proceSSMof radiorfreguency allocation;

The President's Task Force on Communications\Policy in the late lQGOs_gave‘
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guarded encouragement to.further exploration of»thé possibilities of introducing
some "economizing" elements into the decision-making in radio spectrum

management. There has been a spaté of literature in the economics journals,

and a number of conferences directed toward this objeptive}

- In Canada, éccbrding to Instant World the problems of cohgeStion are

‘ not as severe as in the United states, buf it was'acknowiedged that the

_"national block" allocation process was too'rigid.' And Instant World followed

the United States lead in endorsing the re-examination of the process of .

' spectrum management to deﬁérmine if econcmic factors might ﬁot be.iﬁcorpofatéd
“in it, vThis is the pe:spegtive on thelgenesié of fhevprqbleﬁ to-&hich this‘:.:
'report-is'addressed( looked_at Ffrom the sténdp@int of'the interesfé of Canada
and the United States in éhaﬁgingAthe'érocésé énd théfrésults ofwfaaio:

frequency allocation.

But the critical examination_of radio frequéncy allocation must be kept
in a broad, historical perspective., The 1979 WARC will be the,first'generai
review of radio frequency allocation at the world level since 1959. In that

20 year period there has been much technical progress in capability and need

to change the céncepts and methods used in radio spectrtm mahagemeﬁt at both

the intensive and extensive margins of spectrum use (e.g. roughly below and

- above 1 GHz). It is hecéssary to recall that this has happened principally

because of the R. & D. applied in the interest of the “Spade Race, " with the -

"ripple" effects of applications for civilian uses (e.g. the Land Mobile

Services) . High on the agenda of WARC are three problem.areas: (1) Pressures

(presumably most urgenfly expressed by nations other than the U.S, and4Canada)
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‘for changes in.the HF‘region'(increased spectrum space,for maritime.and

international broadecasting, and reduction of spectrum spaCe'for'the fixed
point to,point service).' 2y The struggle between Land Mobile and

TV broadcastlng services in the VHF and UHF regions. (3) The struggle

above 1 GHz between the rapldly grow1ng flxed satelllte serV1ce (both

1nternatlonal and dOmEStlc) and. mlcrowave radlo relay serv1ce,.space

' research, earth exploratlon satelllte servxces and radlo astronomy.

The preparatlons for WARC ln the major powers follow a scenarlo whlch began
as early as 1974 in the U S. (w1th the creatlon of the structure of coordlnatlng

commlttees known as‘"Ad Hoc~ l44" by IRAC, and wmth Docket 20271 by the FCC

B ln 1976) The schedule procedurally whlch wxll eventuate in September,.
'1979 at WARC, testlfles to the lntense natlonal polltlcal concern w1th :

~.Spectrum Management.

Thlrd World natlons have begun to assert thelr polltlcal 1nterests ‘in
the issues 1n unprecedented ways.f Of the 153 member natlons of ITU, 85 are .

nonallgned or developlng natlons.xéy Thelr polnt of view was artlculated

’ at. the 1977 Wbrld Admlnlstrctlve Radlo Conference on’ Broadcast;ng Satellltes

'O&ARCaBS) where detalled and spe01f1c agreements produced-"

8 Probst, -S.E., "International and U.S. ’Preparations'for:the 1979 World)‘\
. Administrative Radio Conference", IEEE Transactions on Electromagnetlc
- Compatlblllty August, 1977, p. 166-170."

Y Ibid., p._l66.r
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"..,a comprehensive plan assigning to administrations in ITU

Regions 1 and 3, individual channels (that is, frequencies)
and polarizations at specific orbital locations for coverage
of prescrlbed service areas on the ground. "10/

As reported in the United States,3this result was principally to satisfy

"...the concern of the developing countries that not enough
frequencies and orbital positions would still be available
by the time they were ready to launch and use broadcastlng
.satellites". ll/ :

" This decision represents a major change in ITU policy, aWay from'the first+

come flrstmserved pollcy desired (and long practlced) by the Western advanced

:‘economles and toward a pollcy of posltlve plannlng It was taken in face.

of OppOsltlon from the u. S., Canada and Bra21l whlch succeeded in. preventlng '
a simllar plan for Reglon 2 from belng adopted If, as seems probable, the

more posmtlve plannlng approach favoured by the developing naticns gains'j

‘ further ground at WARC 1979, thlS would mean -

~...the ‘adoption of srmllarly structured plans for other

services and for other bands. - This would mean a slgnlflcantly
. more ordered and regulated use of the orbit and spectrum than
) vheretofore.ﬂ 12/ :

Broadcast satellites, even at~the planning stage, arefexpressing the wcrld~>

wide interest of all nations in using their common'property, the ‘radio spectrum,

10/ Gould, Richard G. and Reinhart, Edward E., "The 1977 WARC on Broadcasting

Satellites: Spectrum Management Aspects and Implications", IEEE Transactions

on Electromagnetic Compatibility, August, 1977, p. 171-178, 171.
11/ 1bid., p. 171

12/.Ibid., p. 171.
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A preliminary review of the history of radio frequency.allocation”suggests

that the moving force in creating’and solving'crises.in'radio frequency - -

allocation has been the waves of act1v1ty by nation states and ‘their mllltary

and 1ndustr1al structures exDressed in World Wars I and II, and the Cold war.
The R. and D. attendant on these wars, 1t may be hypotheslzed, generated the
crlses wh1ch'compelled the~solutlons;for the crises’ ;n radlo frequency‘

allocation. Thus.it would appear that the radio allocation'agreements which

‘solved the cr1ses (1n the l9>0 s; in the late 1940s) represented new plateaus

1n the appllcatlon of' the art of radlo, whlle s1multaneously 1mpllc1tly f -

~establlsh1ng plannlng celllngs (e g. the Natlonal Block allocatlons of the RS

late l940s) IF thls is so, the present Crlsls represents the pressures

't"on the Celllngs bullt 1nto the plannlng for spectrum management after World

War II. =

Extrapolatlng experlence, -one would look for a new klt of tools to

‘emerge for conductlng radlo spectrum management in the next few years and

 for a new, plateau for spectrum development to ‘be created Promlnent.amongst

these tools Wlll probab \'4 be the "next generatlon" of spectrum englneerlng '

_ 3
proposed by the JTAC report, ;—/

-andvthe 1ntroduct1on of llcense feesvonfa
substantlal scale for the 3o1nt purpose of (l) 1ntroduc1ng econom121ng‘

pressures on spectrum use, and (2) produclng publlc revenues._ The‘frame.

" of such developlng spectrum management pollcy'must be a broaduhistorical.

process which places the engineerlng—administratiVe organization and policy

for frequency management in a flexible~setting, capable of growth as the

13/ Spectrum Engineering--The Key to Progress, Summary and abstract'from Joint _
Technical Advisory Committee,’March, 1968, in The Use and Management of the

S Electromagnetic. Spectrum, Part 2, PB 184~ 422._ And see Hinchman report,epvﬂ'fﬁd

. sup. c1t.
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IIT. OPPORTUNITY COST AS A BASIS FOR SPECTRUM ALLOCATION AND ASSIGNMENT

'A. The Nature of the Spéétrum Efficiency Problem

'The-problem.bf spectrum efficieﬁcy,thus arise because of. the failure of
the existing spectrum manaéement'prdcess to solve certain allédation problems
which it is aiieéed could be soived by economic valuations ésvpart §f the
' pfocessQ-h;ﬁé ekisfihg adminiétrativé process does not'emp1oy érices as é
means éf allocating'the épéctrum reséurcé. The ecénomié’princiélé of market

.exchange is, in most circumstances, deemed neither‘feasible norfpermitted-

In economic terms, the spectrum tends. to become viewed és.é."free,
good". fhe'speétfum féé&urcé'hés economic Qalue. _Someﬁpo#tiohélgf ﬁhé:.
Spéctrum are enormoqslyAvaluablé in‘ééénomic terms andiéroﬁiSe t§ ;ncrease '
in value at a.substantial'raté over ﬁhe futﬁre. This state of:affai:s can"
lead to ci;cumstaﬁces,wheré'tﬁé demand‘fpr the riéhﬁs tolthe'speétruﬁ

considerably exceed any'economical use thatlmight be madé of the spectrum.

Any atﬁempt ﬁo intfbdﬁce;éfiteria fér ecoﬁomic éffiqiencg inﬁo;thé
spectrum allocation process would héve to recogﬂize the'distinct two-step
’chafacter of‘thié process. The fﬁndaménﬁal allocatibn”problem by which
porﬁions of the speétrum are allocated to particuiar uses and se;vices is
essentially the prﬁblem of»lohg—run analysis'in néo-cléssiéal economié
theory. These allocations relate to fﬁndamental degisionslthat,are made
relatively infrequently but which have a major impact in.détermining spectrqm

use. The long-run allocation decision must reflect considerations of planning’
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. for growth in the.utlllzatlon of various portlons of the spectrum as. well ‘as
;mprouements in technologyr; The allocatlon decrslons must be’ based. upon

. aucomparison of a wide dlverslty of'heterogeneous - and.not easlly‘comparablex-

uses and services.

_ In economlc terms the problem of. asslgnlng spectrum to users ls a
~problem of lntermedlate.run analys;s.. Asslgnments are constralned by the
allOCation‘decisions previously made; Assignments are made to-partioular

users in a class of service’ who are llkely to be relatlvely homogeneous in

-5ﬂthe1r use of the spectrum Thus, comparlson among dlfferent users is more ﬁ;ft*75’i'i"

’»easily done. However, the asslgnment process can be for a relatively long o
perlod'of tlme:dependlng upon the;terms and condltlons of the llcensesvi

granted:

'?.Once the spectrumuallocations‘and“assignments have'been made,7there
"remalns the short~run economlc problem of usmng the assmgned spectrum .
efflcrently.; Economlc analvsls can be brought to bear on all three problems ,“'

fhln an attempt to lmprove the efflciency of the process.

It is.not &lfficult‘to,find'examples.of‘apparent'inefficiency in,the'h
existinq system of_spectrum allocation;>hrhere_is:congestionfinusomepbands5
:and idle spectrumein_others4‘ Inpsome‘lnstances,pspectrum~assignmentshare:
'"banked“'for future use simply because there.lseno.cost involved anoli:

_ competition{for~the‘assignment WOuld likely be morefsevere.at aslateredate.
.Declslons to use the spectrum are made in. the face of substitute technologles
.(e g. cable) because the cost of the spectrum ls near.zero. The deslgn and

use of equrpment frequen*ly is based on the use. of relatlvely large portlons




markets to a new_owner,,the narket price reflacts. the value of the-spectrump

4/ -

‘resource in a marketplace where active competition is severely restricted.—

25.
of the spectrum so as to conserve on material and labor inputs: to -the

equipment manufacturing process which carry very definite econemic costs.

Finally under the_existing systemvof administrative allocations, where

market exchanges - either direct or indirect - are permitted to take place,

the substantial value of the social resource is appropriated‘by,private

interestsywhich are in a position to exploit the imperfections in the market

- place created by the characteristics of the spectrum and the administrative

process. For example, commercial broadcast licenses are allocated by
administrative decision. -Recipientsrof broadcast'licensesvgenerally receive-
a substantial economic value because of their’ monopoly right to that spectrum

as5ignment. When the broadcast station and its license are. sold in private

In each of the above illustrations, one could claim that recognition.of
the.cost of alternative uses of the spectrumitheoreticallyrcould lead to a

more efficient result. However, one must be careful not to attemptxto,generaliZe

" from isolated examples. It is questionable whether an attempt to implement

economic prinCiples would result in improvements in the allocation, assignment'
and utilization of the spectrum resource. - Such a.change may.improve effiCiency
in one small area while creatinc inefficiency.in other'areas; The system ofv
administrative allocations and.assignments'came ahout in NorthlAmerica

after the market failed as an efficient allocative device;: rhe-question

to be addressed is not whether the market or administrative allocations would

14/1n both Canada and the U.S., the transfer of licenses is subject to approval

by the appropriate regulatory authority, the CRTC or the FCC. However, the
conditions of the transfer do not include regulatory intervention in determining
the transfer prices.‘ : : : :
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’ lead to intproventent.s reiating to a si_ng.le problem. -Clear]'.y,l .one can t‘ind
examples for'each.n The matter to be~exanined‘istwhether the'adoption of -
economic crlterla and.market ewchanges are likely to brlng about - lmproved

efflclencv 1n the entire spectrum allocatlon system.:'

B, Exdsting Administrative Criteria for-Allocationvo
e The great difficu;ty with eonparisons_between the'existin§~administratiVe
A system ang a-narket systen'is the_lack of specifiedIinformationtabout.the
.‘administrative criteriainow.appiied.':OnAtheﬂone hand.pe hateﬁan existing _
.~,adm1n1strat1ve system where the crlterla for allocatlon are not speclfled.
'»On the other hand the prooosed market systehs generally are based -on 1deais.\:i f‘;ﬂ

' that could not p0351bly be approx1mated 1n the marketplace.~

‘ B _‘ S A detalled spec:Lf:LcatJ_on of the crn.terla employed as-a ba51s for
“”Tspectrum allocatlon cannot be found 1n elther Canada ox the - U S. The closest
“that can. be obtalned 1s that speclfled by the FCC 1n 1ts report in Docket 6651,

~h_ _January 15 1945 and specsfled at p. l7 above.v,:'

.Althouéh the ‘.Ecc-_ aid- natisp‘eu out th‘e_mann'e'r in wh:Lch 1t ;&én{étéa A

operationa;ize.itslprineiples}hit.is important to note that'they did recognize
déconomic considerations;d Mnch offthe criticism of the existing;administratireh

process assumes that economic considerations are‘not\a part offthispprocess; -

Although not specified, we‘tind no reason to:beideve‘that economic'factors'

are not a part of ‘the EXlStlng admlnlstratlve process. VEconomic factors havek.

always played an 1mportant role 1n the: allocatlon Judgments of the admlnlstratrve
. ‘Process. ‘The ;meo:r:tant poa.nt lS that the ex:.st:.ng adm:m;stratlve crlterla .are not:;f,
."i operatlonallzed in an. effectlve mannexr and 1nformat10n relatlng to the.operatlont»n‘

- of thlS process is substantlally def1c1ent
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The major problem ﬁhat is stimulating concern ablout the failﬁ:r_:e of '_ .
thé admihistrative process'in.the U.S. relates to Spéctrum‘assignments un&er ‘
' conditi;ns of competitive applications. At present,'thié‘pfoblem‘delay and |

costs. of hearings is unique to the U.S. system.’

In se#viéeé Qhere,licenseé are limited, e.d., telévision-broédcaéting;
radio -common éairigr,se:vices, multipoint distributionxéervige,'business
‘radio serviée, eté., there are freéuently-qompeting, mutuaiiy exclusive
',license applicatiqns.” When mutually exclusive iicense;applicaﬁions'qccur,
fthe Commission chéoseg.from among the appliéants ph¢yone bestjé#ited to
.serve‘the‘puﬁlie interéét.i‘Uﬁder“suéh condifions,‘theifcc_ié’réqﬁiféd ﬁo.'
hold a heafing béfore'it.éan gréﬁt_any one of the se#éral mutqaliy'éﬁclusive -

15/

applications.

~ As demands for spectrum assignments have increased, and. the value of
spectrum assignments has also ihcreaséd, the hearing process has become time
.consuming, burdensome and expensive.  The general vagueness of the administrative

criteria for selecting among competing applicants has compounded the'problEm;'

It is as.a resolqtion to this-partiﬁdlar problem'ofladministrative'
regulation by the FCé that many analyéts have prqposed varioﬁs market priented
’ailocation C£iteria. In these instances, the market éoluﬁion is pf0pqsed
not.as»a bas;s for impfoving"the effiqiencyvof resoﬁrcé allocation but’raﬁhex
as a basis for eliminating a cdstly aﬁd tihe consﬁming érécess ofAseleétion:,
from émong éompeting applicants. Thus, not onl? have-ﬁarket-propbéais suéh'

as an auction been offered but also a simple lottery as a solution to this = .

-15/This is known as the Ashbacker Doctrine. Ashbacker

Radio Corp v. Federal
Communications Commission, 326 US 327. : ;

'
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16/

“problem.™

C. Opportunity Cost in Economic Theory

' The economic concept of~opportﬁnity cost measures the ‘cost of supplying
anything in terms of an alternative’use that was foregone. The alternative
. . " 17/ :
use that is relevant 1s-the best" alternatlve avallable. The best :
alternative use willfaepend;of'course on circumstances. ;Mlshan observes:’f
"The opportunity cost of the current use of some good or
of some input is its worth in some‘alternative‘use...either
the definition has reference to the alternative having the

highest-value for ‘the individual, or else the particular . ‘. .- -
‘alternative use is determined by the problem," 18/ . ..-° - .

' The major problem.in_anyfattempt to measure opportunity cost.is -
- selecting the relevant alternative foregone.’ Theﬂhest:alternative_isfheavily

.influenced‘by the structure of:the'market. -Tn.actively competitive‘markets;.

alternatlves are substantlally dlfferent than they are in monopolv markets. o o

: Moreover, “the alternatlves avallable for short term 1mmed1ate solutlons to
.problems are substantlally dlfferent than those avarlable for longer term :
.:solutrons to prohlems._ Thus, any opportunlty>cost calculatlon dependshf
entirely upon the strﬁctural cond;tlons_of the market and the.constralnts:::

“assumed for the opportunity cost calculation. .

In addltlon, proper 1nterpretat1on of the opportunlty cost concept

requlres detalled specrtlcatlon of what it is that is belng costed as well as -

le/Dlssentlng statement of Commissioner Glen O, Roblnson, Cowels Florlda
Broadcastlng Inc. et al, 60 FCC 24, 435 442.

l7/See Samuelson,P A,,Economlcs (Thlrd Canadlan Edltlon, p. 573)

~18/M1shan, E. J., Cost - Benefit Analysls, 2nd Edltlon (1975) p 65
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' prices set on any other basis.=
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whose opportunity cost is being measured. The“opportunity“costfof:using a
resource for a particular use may differ creatly depending upon whetherhthe
opportunity cost is that of the owner or society. The benefit that an
indiVidual might receilve from transferring a portion of the spectrum resource
to anothexr use may be quite different from the benefit to society."In

sum, opportunity cost is determined.directly by the definition of the problem.

According to neo=- claSSical economic theory, the relevant opportunity
cost for economic efficlency is.the opportunity cost that would prevail

under perfectly competitive market,conditions. -Theoretical,resource’_;,

-allocation efficiency would be optimized under the conditions of "Pareto

Optimality." Under conditions of Pareto Optimality, all prices.in the

‘economy are set equal to their respective marginal costs, which are the

opportunity costs associated_&ith the marginal units of output under conditions

of perfect competition. Thus, the relevant opportunity costs are those that

satisfy the conditions of Pareto Optimality.

However, Pareto Optimality is not achieved unless there is a simultaneous,

determination of all prices in ‘the economy at their appropriate marginal

costs. If some prices in the economy deviate from their eppropriate marginal
costs, it cannot be demonstrated that marginal cost pricing in the remainder

of the economy will necessarily be optimal, or even closer to optimel than

19/

19/ R.G. Lipsey and Kelvin Lancaster, "The ‘General Theory of Second ‘Best, "

ReView of Economic Studies (1956), XXIv, 11i-32.
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'_ Major questlons must be ralsed about the appllcablllty of the Opportunltyr

cost concept of neo—classlcal theory to problems of spectrum allocatlon in

. light of the substantial constraining asSumptlonS'of'the theory. The theory

is static and is directed toward determining optimal-rules for allocating a

fixed amount of resources among competing uses-at a~particular moment in

L time.- ‘Its relevance and appllcablllty to condltlons where the resource is

belng expanded, ollgOpoly and monopoly the rule and competltlon the exceptlon,

new technology is belng introduced, uncertalnty is 31gn1f1cant and growth .

= rates are lmportant to reallocatlon de0131ons is- extremely questlonable. h

- In addltlon, the term opportunlty cost 1n thls context 1s suff1c1ently

general that the varlety of 1nterpretatlons of its meanlng is v1rtually

infinite. »To give it a-somewhat'more specrfic»content, econom;stsatradltlonallyg-
‘-apply further definitionalTrestrictionsjsuchVas'short-run"and long-run, :Butii

even these terms do not provide restrictions upon the interpretation,

selection and valuation of opportunity. costs. . There are asAnanyiopportunity

. costs as there are conceivable sets of alternatives.to be considered, and"

20

their values can-range from Very'high to'extremely_low.~4/'

. As a theoretical construct, the cpportunity cost concept does not come

" to grips with the'problemsucreated by‘the continuity’and.incomplete'nature_.~

of the firm's activities. "Within the framework of ne0vclassicalye¢onomic

theory, the concept assumes that the'decision;to'be-made involves a single‘

complete venture. There are no constraining conditions- of past decisions

20/ Melody, W. H., "The Marglnal Utlllty of Marglnal Analy51s in Publlc POllCY

Formulatlon," Journal of Economic Issues, June l974 ‘P 294 and foreword.
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- and events that will influence the decision alternatiVesf The firm is in_a
- completely uncommitted state. Moreover, the evaluation of the alternative

decision possibilities reflects all effects through the bompletion'of the

activity under consideration. Hence, the framework for decision is closed. .
At this theoretical level, there 'is no need for an evaluation of the state

of affairs before the effects of the decision are complete. There will be

"no modificqtionlof the decision as reality unfolds.

In the neo-classical'model theoretical optimization can be'a very mig-

leadlng concept The dec131on maker is. deemed to have optlmlzed if- he does o

what he thinks ls best ln llght of the alternatlves that he percelves. But o

if hlS best turns out to be-ln reallty_an obV1ously wasteful 1nvestment, the
de01510n was still optlmal accordlng to the opportunlty cost crlterla._ What

is generally more 1mportant is the market test of whether management de0151onsv

- made in an uncertaln enVLronment w1th llmlted 1nformatlon turned out to be
prudent, resppnsive to'consumer demands and tolerably efficient in light

‘of the reality that developed.

,In'anf real,worid situation, the‘firm.has an infinite vatiety of
oppbrtnnityvcosts( opbortunity c05t‘fnnctiohs and'femilies'of oppoxrtunity
cost fnnctidns with valueé coverihg a wide range ofhcost Varietion.A Different
opportunity cests can be derived for every paityqf aitetnatives being:
considered; for every conceivable increment in'ontput; fdr every difference -
in the amount ahd/or»structure of inherited eaéacity; for everyvdifference"
in the actual planning period employed in the.analysis;'fotvevehy hhehée?infv

the relative proportions of the various services being supplied;'fpr every.
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_different-forecast'of future events; for every possible and feasible combination'

of technical inputs, and for everyddifferent‘perception of the timing, location

and impact of followinq an'alternative path. In addition,_since units of
output are far from homogeneous, dlfferent opportunlty cost functlons w1ll be

‘obtained as the dlmenslons of the output unit are varled

In the final analys1s, lt must be recognlzed that opportunlty costs are
'_entlrely bound up in. the personal judgment of the - analyst the "arbltrary"
dec1s1ons that he makes 1n deflnlng the problem, and hls changlng expectatlons.]

:::Optlmlsts will have qulte dlfferent opportunlty costs than pess1m1sts.

d:Opportunlty costs cannot be v1ewed as facts for whlch objectlvely valld valuesnﬁﬁ'

can be known.- The opportunlty cost values w111 depend upon who applles the"
'theory and the incentlves under whlch he works in the env1ronment 1n whlch 1t

is applied. -

‘We must conclude, as did J.M. Keynes,fouer thirtyhyearsdago;fthatlthe':

. neo-classical theory of:econoﬁlcs,_andjthe_opportunity:cost concept that is.
‘fundamental to ‘it, is simply{not relevant and applicable-to*a;resolution.of‘
the problems of_spectrum allocation.

- "Our criticism of the accepted.classical theory of»economics~

" has consisted not so much in finding logical. flaws in its-
analysis as in pointing out that its tacit assumptions are

seldom or never. satisfied, with the result that it cannot
solve the economic problems of the actual world. 21/

21/ J.M. Keynes, The General Theory of Emolovment Interest, and Money '
(1936) P. 378. v
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. Thus, they have a reservoir of monopoly power that can be used to charge
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a demonstrated basis. for- 1mprov1ng the efficiency of spectrum resource allocation,

If the onportunity cost concept of neo-olassical theory does not provide

'does the opportunity cost notion provide any practicable guidelines for

spectrum management? As'a SOClal resource, it must be recognlzed that the

SQCial opportunity oost of the speotrum (however measured) is llkely to

- differ substantially from the private opportunity cost. | Economio "externalities"

are overwhelming in the,oase of the radio,speotrum., Virtually every decision

that is made has consequences for other users. -These range from matters of
congestion and technical interference to the destruction:of economic values
in existing equipment. Even under the best of oirCumstances; one cannot expect

the prices of private'exohahges.tO'reflect inlany way the sooialioonsequences

Another formidable difficulty of employing the market mechanism is the.

fact that freedom of entry to spectrum markets Wlll in most Casesr HEEd to be restrict:

’Therefore, market exchanges - assuming all other difficulties oould be overcomev—~

would tend to be at monopoly rather than -competitive prices. Thus, the argnment'

for the adoption of market exchanges for spectrum allocation must be based

upon monopoly markets as superior to thelexisting administrative system and

not competitive markets as a basis for efficient resource allocation.

Even more severe problems are created by other imperfections in the

~marketplace. Majorznsers,of the‘speotrum are regulated monopolies suchlas

Telesat, Bell Canada, ATT and other carriers. These\carriers not~only have .

substantial monopoly power, their rates are regulated on a cost/plus basis.- .
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higher rates for.their.telecommunications:services."Moreover, they can use

this monopoly power to pay whatever prices are necessary in orderlto capture
that portlon of the spectrum that they deSLre.\ Under this system of regulationf

L .a spectrum market could lead to major dlstorted allocatlons.

Flnally, one must recognize that many puhlic agencies-which.provide
soclal'serV1ces do not operate 1n markets. fheyldo-not'seli;serVices.f
Although a market in the use of the.spectrum may force such agencles to make

ceconomlc tradeoffs.between spectrum-using equipmentzand'other equipment'in
_some c1rcumstances, these.agenc1es do not have the opportunlty to partlc1pate.
:iln thelmarketplaceiln accordance w1th the prlvate or soc1al values of the
Tserv1ces they prov1de.?‘The.lntroductlon of a spectrumtmarket»cannot belsald ;tf

to improve the efficiency of resource allocation under these conditions. - -

In concluslon, 1t ls-apparent that a change 1nlspectrum allocatlon-pollcy
-from.the current admlnlstered system to one based on opportunltp cost ‘as-
«>'determ1ned in the marketplace ls not llkely to 1mprove the sltuatlon overall
'k‘There may well be 1solated 1nstances where 1mproved efflclencp 1n thei}‘.

7»allocatlon,'ass19nment and/or'usepof'the-spectrum may‘occur. ‘But - almost :

' certainly.there.would be‘many cases‘where inefficlean:mould befcreated..
On the basis of thls prellmlnary analysrs,.lt would appear that dlrect o
appllcatlon of the opportunlty cost concept through the market lS nelther‘f
justifiable nor.feasiblet"Unfortunately,.the,substantial‘literature'on this
_‘subfect succumbs tovthe.idealists.dilemma, It compares‘the'deficiencies of
the existing system with-a{theoretical,ideal.that is.neithervreleyant norv

applicable.
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'If the opportunity cost notion is to be usefully appliedjto improve'the_

process'of spectrum allocation and assignment, it willihave to be broadly
interpreted and selectively applied in,very careful limited.ways. This is
really‘not surprisiné, ihe administrative allocation processiis a‘direct
result of marhet'failnrel The DOC, FCC and ITU came - about because of the
breakdown of private markets as a basis for allocation and assignment.
Clearly, the administrativevallocation‘process can be improved s1gnificantly.
However,.a blind leap to the'marxet based upon the preCision of neo-classical

.',theory would likely to be destructive. 1.'

TTIV PROPOSALS TO INCORPORATE ECONOMIC CRITERIA INTO THE SPECTRUM ALLOCATION R
N . ) PROCESS '

Over the past twentwaive years, a substantial literature exploring the
possibility and desirability of incorporating economic,criteria into;the_

‘spectrum-allocation process in various ways has developed. This literature

jreflects a concern'abont the deficiencies.oficnrrent allocaticn‘methods'andd_
"an expectation that futcre growth and shifts in demand Will intensify the: i
"negative implicatigns of.these defiCienCies. This perceived inadequacy of the
eXisting system reflects in‘part disagreement as to the functional efficiency

- of the current administrative system, in part different views of the,political,
technical and economic parameters of the process, and in part differing Views as

to the appropriate objectives of the spectrum allocation process.

The fundamental objective, stated or assumed of'nost ecenomic reviews of
the spectrnm allocation problem is the promotion of allocative efficiency in the
economic sense, In its broadest sense, allocative:efficiency requiresfthat no
reallocation of spéctrum»from'one user to another be possible'sofat a given point

in time that the net.benefits to society of such a reallocation are positive. ‘

A selected bibliography on opportunicy cost in economic theory isg proVided
in Section I of the Bibliography.
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, To - move toward this goal, .1t 1s necessary that the value of’spectrum in |
| alternatlve uses be:fully con51dered in allocatlve dec151ons. Although the
»'approprlatevmeasure of value (as measured through some defrnltlon and measurement
of the opportunrty cost concept).may be dlsputed both conceptually and in
specrflc 1nstances, the recognltlon of the relatlonshlp of Value to allocative
.efficiency'remains1fundamental,;31n:more concrete‘termsf con51derat1ons‘of_
_frallocative:efficrency must.include:ufthe gross yalue of spectrum*in;Various
f';fuses, the. avallahlllty of spectrum substltutes in partlcular uses,‘the levelé.:7'7

E and nature of spectrum—related development undertaken by users, de51rable

";7’;levels and patterns of 1nterrerence, and the lmpact of the chosen allocatlonf D

" process on admlnlstratlve, transaction,_enforcement and system costs.;cf'

PR An addltronal objectlve assumed bY many authors ls equlty in the

ftn_dlstrlbutron of the beneflts of uslng the spectrum r81nce.spectrum is a-*“““ »

sf&publlcally owned resource, the beneflts arlslng out of spectrum utillzatlon.:
ifshould accrue to the publlc rather.than to prlvate users.. A subsrdlary
»concern ;s that where the beneflts of spectrum use are retalned by prlvate‘
: users, such users‘should as a. mlnlmumvbe requlred to bear the admlnlstratlve

.costs asSocrated w;th accordlng them user status,

It should be-observed at the'outsetzof thls\section that the injection._f E
of economic crlterla 1nto the‘allocatlon process does.not necessarlly 1mply
the replacement of admlnlstratlve declslon-maklng.by market exchange relatlonsr
AWhereas the creatlon of transferable prlvate property rlghts would remove |
~ admlnlstratlve control‘overvthe allocatlve process from the central authorlty;.f
Q . all other proposals con51dered are characterlzed by contlnued centrallzed

-control of the pchess. In the case of shadow¢pricing,_user charges and
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auctions, the central authority may choose to retain a. large degree of discretion .
as to the"application of these methods.' ln the'case of bandwidth auctions,
.for example, the'spectrum manager;could presumably'establish bidder-qualifications
and'reserve prices in accordance.with-those objectives,that it determined the
marhet could‘not_further.f-Euen.in the extreme case of’a‘market in:transferable
‘ private‘property~rights, the administrative authority-pould not,be prevented
necessarilyﬂfrom exercising a measure’of control overtthe process bf,'for
'example, instltuting zoning requirements or restricting the degree of trans-

ferability of the rights.

:fIn revieping theArange of proposalszfor introducing‘econoniclcriteria2
into the spectrum allocation process; ue must emphasize the’following strlctures.:f
4The oft repeated claim that the>adoption of economic concepts automatically Will
4_improve-resource allocation efficiency is not derr.xonstrable.“‘*,The' introduction '
'of economic criteria into the allocation process Wlll change the structure of
Abenefits and costs aSSOClated w1th thevspectrum throughout society; ,There:_
' 4will be gainers and losers.- The net effect for society Will depend very ::”
‘heaVilv on the value judgments incorporated into the weighting of the gains

and losses to different grcups-invsociety.

Within this framework'of analysis, the useful application of opportunity
cost can only be made.in terﬁs of a common,sense’definition; as'notedtabove,
and not in terms of optimization as defined in neo;classical theory. The
-problem of developing operational procedures for defining and applying‘a
‘relevant conception of opportunity costs is one that has not: been explored

in depth in the literature,
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- This more modest pursuit of the ihcqrporatiOn of economic criteria in
the. allocation process should then'be seen as a-step tbward increasing the

role of economic criteria in an administrative process that already: has been

_ influenced significantly by economic circumstances; if not by the”explicit

application of economic measures.

Finally, we must.not:losefsight of the factfthat.the process of

spectrum allogation'encompasses;mﬁbh more.than7econemic objectives.;AIfmthe

harrow coﬁcept.of'allocational"efficiehcy‘aS'éefinediin eéonomic]theory is’

: Sacrlflced to achieve broader soc;al and polltlcal objectlves, thé Process.A

;'lSAsuée?lér to OAE.thggpwouldiachleve‘on;yAeconomre effrcrency, The;jiﬂ:."1T
.gnfertuhete espect:ef th§,presegtf§§$tepvis;ﬁhetjneitherpegjectiVes nor
'thefspeeifiC‘criterre;fqrtetteiﬂieé‘theﬁ arefspeeifiedfin‘peysptﬁetfgppeér‘“ ;::hﬂ.px

to be operational or which .are visible to outsiders. .- .

22/

A. ‘A Market in Freely TransferablefSpeétrum Rights ——;“:,rjﬁ“

The mest radisal ofﬁthefpropbsais to inject'economic-criteria into the‘

spectrum allocatlon process lS that of creatlng a market of" transferable spec-

“trum rights.» Flrst suggested by Herzel the proposal has been consrderably
.refined by such wrlters as Coase,~M1naslan, and Meckllng,~_rhe baslc ratlonale
-.of-the suggestion is'foundea in neo—dlassicel-éConomic*theory as tb”the3

allocatlve effLCLency of competltlve markets, as reflned.by Coase in his paper ;‘;~

on the role and allocatlve function of property r1ghts.<

22/ See Levin (1971)’ DeVany et al (1969), Mlnasman (1975 C e (1959)
Rose (1969). . , T | e °§§e.(l9§9)'
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- The fundamental requirement of such a system is that property rights .

must be defined and privately transferable. In thevcase’of the spectrum,

the probabilistic nature of emission patterns and the interferencé problems-

thus created raise serious doubts as to whether it is possible to define

private property righﬁs in spectrum in a fashion that does not imply trans-

action and enforcement costs and loss of spectrum use in excess of any claimed

allocative efficiency benefits of such a system.

Even if one were to conéede that it may.bé7poésiﬁlé to resolve the

:abOVe prob;em of rights definition, the deSi:ability of a market sysﬁémArémains.“_

extremely questionable. -Major obstacles that have not been addressed include: o

(1) Such a market system would fail to take into account ﬁhé'very substantial

externalities associated with the provision of spectrum ﬁsing.services.
This divergence'bétWeen.sociai‘and'private'Valuations'of'séectrum worth
in a particular use implies that market allocation would be socially .

inefficient even when considered on its own terms;

'(2) The non—competitive nature of'the markets in which spectrum users

jopérate may imply a fhrther'divergence between social and ptivate -
valuations of spectrum worth in particular uses. The implications in
this regard are parﬁicularly serious when monopoly users regulated on a

cost~plus basis are involved.

(3) The nature of the fiscal budgetary system may preclude éovernment'offices

and agencies from equal market participation.
(4) International constraints on spectrum use may effectively prohibit .
national spectrum markets in a country such as.Canada,wherefthe3popqlation

is centered in proximity to the U.S. border.
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(5) VBeneflts of equ1pment standardlzatlon, from the p01nt of view of both
| manufacturlng economles and equlpment moblllty, may be lost. Whlle a
market system mlght take the former p01nt into. account, the fact that
Arecelversiand transmltters,are separately»owned may,preventjlt‘fromyso:
»doing.in respectfto.the iatter. o | o
(6) AAdministrative\discretion_mould be severely_narromed, Itbmouid.restrict,
. andfcould render the system incapabiefof_achieuinglbroader;economic,f

social and political cbjectives. -

In addltlon, there would be severe problems encountered 1n the trans1t1onal

.‘perlod And from the v1ewpo1nt of dlstrlbutlonal equlty, future 1ncreases 1n y;7:*”"“ :

v:spectrum value that were not capltallzed at the p01nt of 1n1t1al rlghts sale,f:_sff

would be retained by pr;vate:users,”

“The above obstaclesfare sufficientlyﬁserious“to preclude ‘consideration .
. of'a full market“system'in‘spectrum rightsf-even if one;views therbjeCtive L
of the spectrum allocatlon process to be only narrowly econom1c..~However,

[more llmlted appllcatlons of a market system is worthy of detalled

;«;nvestlgatlon. The rental of spectrum rlghts in bands where there are a.

_large number of'relatively homogenous_users operating in_comparatively R

e e, S mrwmv-.‘w

ety

competltlve markets is one area where a market system mlght be serlousfy

S L P SO U SRV P > oo e o e WA AR AR T BT P T A St et s

econ51dered (e g,, An certaln ot the Land Moblle areas )
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B. Auctions 23/

The éuctioningtof spectrﬁm rights has been propased'as a means of both
efficiehtly alioc;ting spéctrum and recovering its Vaiue in use.v Levin (p. 86)
videntifiés_th:ee'levels.of éuctiéning; |
‘l. Interband contests to-determine.reallocatioﬁ as between aifférentAsérvicééi

| in gdéitibn‘to intraband é&ntests limitgd_to iike users Qithin the - same
service. |
.2. Interband contests to ration gfants émong like useis, withih'diffgrent
.éeryides competingifoxsyhe'samé specﬁxuﬁi with’méﬁagér51f¥ee to gfilize.
.-the resﬁltah£ vaiue;:ih fuxthervfeallbcétion bet@ééﬁ.ﬁﬂé‘tQa-éér§iééé;zvlv
3. intiaband_confestéyQithiqta:sinéle éérvicé:toJration fighfs fhére,:ﬁiﬁh

- . results uséd.tp_set user charges elsewhere too. .

_ Auctioning in prindiple.differs;littlé f:om‘the pure market cbhcept.

. By retaihing spectrum owngiship in public hahds,'hqweVer, it'might be poséible_.

~to so devise the auction process as to -avoid at least some market pitfalls.

Speéifically1.by.restricting transferability and establishihg apprépriate ,

" bidder qualifications for each bandwidth section to beiauctionéd; the obstacles

to'a market system_theqreﬁicallf can be overcome. The'spéct:um'management
'authority:QOuld coﬁtiﬁué its current_functidn but in thése cases whereké
'large'number of potential users equaily.satisfy the other criteria, @he‘
auction process coula.be uséd to.éeiect between'éuch‘users;l fufther,ﬂauéticns

in limited spectrum areas could proddce COmpétitiVe market valuations for

spectrum that might aid in both the overall allocation piocesé and,in;'»

23/ See Levin (1971), Robinson (1976), smythe (BC Memo)
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determining user charges.

Even within.this limited application, thehauetion approach’is‘not
without.specialhptoblems- fThe.nature.Qf the_technieal.interfeiencelpteblem.;
implies>that-in practise'itcwould.prbbahly be~necessatyvt0'limit}thelzf
process to licensefassignments betmeen like users in a single-bandiana.then :

.only when the: market was . reasonably competltlte and bldder collu31on could
. be forestalled Multl P01nt Dlstrlbutlon Servmce>1s‘one such area that

Robinson suggestsfas,a.candidate‘for the auctioning'approach.f~

&:We.muSthnétetthat'thenauctieniﬁg.appgqash:hasuiesulted2inhatsuhstantia;;euu
tetreat.from fﬁli.marke£nall°¢a£idnflfItIiéipféébsea:notffeffséectguggﬁJﬁ
-é;iEEEEEEEJZbUt for‘Séeét£UﬁiaSSiéﬁments:inaiimitea éiréumstanses.:fhna"

‘where 1t is serlously belng ton51deredvforuimplementatlon, it ;s to pré;ld;'5ﬁkf

'aémlnlstratlve cost sav1ngs more: than 1mproved efflclencv in economlc resource,;lf o

[

C. shadow Prlclng-—- Z%E::f

Whlle the term shadowlpr1c1ng is uSed in numerous and many very

dlfferent contexts, the three deflnltlons that are most germane are:

(1).the prlce that would,obtaln for_a gopa_ln.aAcoméetltive_market, (ii)'the_‘
;maximnm amdunt that avfitm,woula.be willingvtO'pay fei an~a§ditionaliresource
unit and (iii)'socialAﬁalnationstbeiné-the‘ptice that wbﬁia ohtainhin ai -
competitive marketswith adjustment made fet both éuhiic ana pritate.;

externalities. Clearly the. use to which a shadew pfice is to be put must

24/ See Alleman (1974), Mlshan (1975), DeVany et al (1968), G Roblnson (1969),_
J. Roblnson (1976) . _ } _ .
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determine whicﬁ of the above definitions is relevant.

In the context of spectrum allocation, shadow pricing has been

recommended as both a -basis for making administrative allocations and as

-a basis for setting user chargeé. Its applicability to the latter function

will be discussed in a later section. From the standpoint of allocative
efficiency the relevant shadow price measure is type (iii). Ideally making

allocations such that the type'(iii)-shadow price measure was equalled for

-.all spectxﬁm users would,maxiﬁize’allocative efficiency; Unfortunately '
'the,measurement'of such pxicés is problematic. in that it #equires that

the calculation be made on an individual firm basis and that the administrator

be able to attach values to unpriced éxternalities that enter the shadow

price. The letter task is unfeasible and in its ,application wouldiprobably
"be limited to the,explicit recognition that socialffactors'will in some

_cases provide a justification to override calculations ignoring such factors.

'fThe"remaining calculation, which must be done”on an indjvidual firm

basis, is the measurement of the amount that the firm, if'competitive/ would

pay for a marginal unit of spectrum. While such calculations are theoretically

pbséible,_ﬁhe cost of obtaining reasonably‘accurate.estimates is 1ikely‘to
be prbhibitive.' As an instrument f@r'fine tuning the allocation process,‘
shadow pricing is patently impractical. At ﬁest, shadow pricing might prévide
a rough guide fqr_the judémenté of administrative authofiﬁies.l At present,
even this general application'is limited by the overwhelming difficulties of

implementation. .
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25/

D. Fees to Cover the Costs of Administration — - -

Currently spectrum license fees‘in‘both Canada and the U.S. are set

-at minimal levels designed only to recapture a_portion-of the costs incurred
. in'spectrum administration. As such costs are very‘low'in relation to total:”
»spectrum value it is. llkely that the allocatlve 1mnact of ‘such charges is

: falrly negligible.. Our dlSCUSSlOH‘Qf thlS sub]ect w1ll_therefore‘emphaslze‘

the distributional aspects ~involved.

'*Given that under such a system'of"charges'spectrum users and the

;._users of the services that they prOV1de retaln the pr1nc1pal beneflts e

"Lassoc1ated with spectrum avallablllty, conslderatlons of dlstrlbutional

equlty mltlgate in: favour of them bearlng the costs of spectrum admlnlstratlon.

..leen also that the allocatlve effects of such charges are llkely to be .
'ﬁnegllglble, the deslgn of such a system of fees should attempt to ensure

“,;:that the admlnlstratlve and collectlon costs assoclated w1th 1t are manlmlzed

We w1ll examine three poss1ble systems of charges w1th thls ln mlnd

1. Charges based upon abillty to pay In that the fee to be lev1ed is. to

‘be leyled 1n respect of a partlcular beneflt, 1.e.~spectrum use,_anc.
its. associatea costs of.adminiStration there:does not ahpear‘to #é'.
any prlorl ratlonale for favourlng such a fee ba51s.g Further; given

vthat the approprlate measure ‘of ablllty to. pay is proflt, and that the

' calculatlon of proflt is problematlc, such a fee basis should not be
favoured. The argument is strengthened by the reallsatlon that proflt
1s unllkely to be closely related to elther spectrum utlllzatlon or‘

its associated administrative COStS. .

25/ See DOC (1976) -
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<;}; 2. Charges based upon related administration costs: ]Whiledboth a
- distributional equity and allocative efficiency argument can be
usedkto subport basing individuai license fees,ubon the adﬁinistrative.
costs associated with that licensee, the necessary costs involved in
ﬁakinc such calculations may weil be needlessly’large.

A3. Chargesrbased upon Spectrum Utilization: The allocative'efficiency

benefits, while still small, of such a fee system are‘likely‘to be

greater than the other two posslbllltles mentloned , Given also

that the costs of admlnlsterlng such charges should be small and that :
4ﬁsuch a system is supportable on dlstrlbutlonal equlty grounds, this s*

may constitute the preferred method

(:. ; 11 3-While a system of fees designedgto recover administrationrcosts can

o be deslgned to 1ncorporate several de31rable propertles,,such lev1es fa;l }
to address the fundamental issues raised by the need to inject economlc

criteria into the allocation process.
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‘E. - User Charges Unrelated to Administration Costsg§/ )

_ The application of license fees and:user‘charges need not. necessarily .. .

be limited to covering'only administration costs. User charges'may be

establishea to meet other criteria, including.efficient resource allocation or

social objectives. In general terms, proposals in this category can be -’
broken down into those which~vary.with usage and"thoSe Which_are independent
of usage levels. By charglng users a cost penalty for addltlonal spectrum

units used, users are glven an 1ncent1ve to restrlct spectrum use, cons1der

: 1nput substltutlon pOSSlbllltleS, and to undertake R._& D..to allow them to

- economlze on spectrum use.‘ The magnitude.of-these“lncentlveS'W1ll vary

accordlng to the relatlonshlp between the spectrum value to the user and

- the charge leVled upon-hls use;,uir

However this,type‘of user charge has its.limitations.l Perhaps the most

s1gn1f1cant is that there are dlffacultles rn deflnlng the resource unit upou =
which the charge is to be'levied;,there‘are,many a;ternatlue»defrnltronsithgt.h

‘could be employed; .in adcition,:uuiform umit.charées(thased oh marginélil
: yaluations in mauyvcases‘wili‘fair.tofrecouerAthe fuli‘va;ue bestowedibyv;

. spectrum use on the licensee,

- Charges based independently of useage levels on the other hand fail to.

provide'as sigﬁificant an economizing incentive,_as theAcharge'appliesfto the .

fact rather than the level of usage by thegiicensee. Theoretically‘it;would
however be,possible-toylevy lump sum charges to recover full value to user 3

within current allocations.

26/ Smythe (B.C. Government Memo), Webbink' (1971), Levin (1971)
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In addition, giveﬁ-that sOcial and prix;fate valuations §f the worth .
of spectrum in different uses vary as a result of market exterﬁalities’and
imperfectiéns, the appropriate allocations must be baéedvon.social valuations
vwhereas user charges- would Ee based on private'valuétibns éiven the desired
allocation'pattern. Any system of charges must therefore be considéred in |
cohjunction witﬁ.a complemenfary, efg._administfative;'allocatibn mechanism.

In theory,'éﬁch é system could both discrimihate bétweep ﬁseré‘whose-sqcial
worth valuations are equiValént and aid in’remgdyiﬁg some of the bracfiqalv

- difficulties surrounding.the achievement of efficient administrative allocations.

We now examine some specific user charge proposals

l, Charges based on éhadow pfice estimates: Assumihg tﬁét fYéév(Z)'ghadow )

-pricé estijﬁaj;gs wer;'e Mobivzai‘nable at r.eésohable_,aéjc.ﬁraéy é.nd cost,_’.lfhe‘,i.r » .
direct traﬁélé£i§n iﬁto'user chargés‘wduld‘entail se&ere’élloéativetana

- distributional deficiencies, 4As an allqéétive mechanism’théy would téndA
to favdﬁr inef%icient produceré. (;evin, P, 136)./ Alleman-(p. 18)
conciudes that'suchrchafges woﬁld féhd tovkee§ cur£éﬁtVailocétibhs

" essentially uﬁchanged,’énd thus theirluse presupposes"acpeptable'v-
allocétions. vBéing'marginal’valuatiéné we have already noted'that they
would fail to recover the total.value that the licensee obtains from

his séectrﬂm’use.AAGiven the difficulties involved in obtaining useful
'shadow price estimates, their utility as a‘basié for setting‘éharées is}

further called into qdestion.
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. Charges based on-auction values:. While several writers have suggested

that auction values obtained in selected~spectrumtareas'be used as a

basis for establishing user charges, scant.analysis has been'done as

to the implications of'so'doing{ First we may note that spectrum is

nonhomogenous and that its value is likely to.vaxry. Wlth its several

dimensions.~'Secondi in that the reason-for excludingxparticular usersl'

- - from the auction process may well_haVe'beenfa result of'externalitiesﬂ»w

or market imperfections surrounding such uses, charges levied on this'

- basis couldﬁhavefundesired allocative'effects; Thirdly, because the
' amount of bandWidth used per licensee is. likely to vary greatly and
]1for the above two reason s such charges are unlikely to proVide ‘a reliable

o ‘measure of the value of spectrum to the licensee either in total or

'-'at the margin.. With these qualifications noted, if limited auctioning'were .

”-ﬁ;{to be undertaken, the spectrum valuations thereby obtained might
Vinonetheless pIOV1de rough guidelines to be employed for the purpose-

,iof conSidering‘user charges and of planning allocations. o

_ Otherfv Other possible bases for levying charges include reuenue,:

' profits, per unit rates set at arbitrary levels,-rates based on specific'ﬁ

‘industry analysis and objectives ‘etc. . Rates could also be multi tiered

with, for'example,‘a lump sum charge levied in.respect.of obtaining a__-

license and a further set of. charges that varied w1th usage levels. Per .

‘unit rates could'be regressive, constant or progressive. The comnlete
, evaluation of these and other possibilities would require a much more -

~complete discussion of epectrum management objectives and user industry .

structure.




“general insurance fund to which all licensees contribute has been ... .

- proposed to provide a pool’of:funds,availableito compensate"dislodged.

serve economic efficiency by allOWing the user to determine the most efficient
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In addition to those proposals discussed above, other less:significant ‘

proposals for incorporating economic criteria into the spectrum allocation -

- process including the following.

Other Proposals to Incorporate Economic Criteria

(1) Insurance Fund: One of the prinCipal faults often cited with the'

current spectrum management process concerns the unwillingness of the
spectrum authority to undertake desirable reallocations,.even where the

evidence suggests that all parties to the process could thereby reap

potential benefits._ The principal obstacle to achleVing such benefits

is often that no mechanism exists to compensate dislodged incumbents"?

for the loss that they incur from-resulting equipment obsolescence. -

users for such incurred costs..

(ii) Levin Proppsal:r Levrn (pp. l44 -7) has suggested that one possible

solution to the problem of compensating dislodged inczmbentstWould be to.
require newcomers to reimburse incumbents 'for any costs incurred in vacating,
sharing, or lending,space to them'. However) should incumbents prefer not to

accommodate, then they in turn pay "rent" to the spectrum manager equal to

~ the extra costs,imposed on newcomers through exclusion. While the theoretical

" allocative adrantages‘of such a scheme are obvious, the administrative costs

surrounding its application could well prove prohibitive.

(1ii) .Redefinition of User Rights: Redefining user spectrum rights in

terms of permitted output rather than allowed input mix, lt is argued would

mix of inputs to achieve the desired output.~ The practicability of such
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an:approach is hindred by the problem of technicai interference which it
is sometimes‘claimed;Would:be unduly‘intensified~werefusersifree'to select

their input mix.

(iv) Frequency Clearance: By reQuiring spectrum users_to'obtaihAclearance'v
to use a particular spectrum region prior to their investment in related
equipment, administrativejaﬁthority'would decide upon.allowed allocationsuh

. with fewer constraints.imposed]by past investment;decisions, _f'

v - CONCLUSION
f::While thepprececihé discussioh.rhcicates‘that théie“isfﬁA?;har#agaiaf:}z;,,.u
" schemes cesigned.to-ihﬁectfecohomic criteriaeihto.theaallocationyprocess;'
~;¥,there is also no slngle proposal that domlnates all.others 1h terms of -

. potential het beneflts to soczety.‘ IhlconcluSLoh>we Qlll brrefly‘reVLew
;hthe merlts and posslble role of the ma]or proposals ahd thelr‘rmplrcatlohs{.‘iﬁf‘

fln terms of the'current admlnlstratlve'structure and,lts requlrements.'fIh .

thevabsence.of‘any'empiricai.analeis‘of the alternativesvit;will.of course .

 not be possible totreach'anj fihal judgements. - -

- Social considerations,:market;exterhaiities;.international‘cohstraints;".
-the technical nature of'the spectrum ahd cﬁrrent:political‘realities“ |
‘would appear to 1mply that a free marhet in spectrum rlghts lS not;a reallstlc
optlon and that the dec1s10nmakang role in allocatlng spectrum shouldlremaln ’
_in the hands of a-central‘admlnlstratlve authorlty. . At the'same:tlme there
VlS a clear need to 1nject an lncreased conslderatlon of economlc crlterla lnto

that process, Thls goal may be achleved through exp11c1t regulatory
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recognition of economic valuesland/or by injecting incentives into the

system such that spectrum users'mpfe fully take such values into account.

At the level of allocation of frequency bands to specific user classes,

" the need for administrative.control is‘probablyigreatest and the obstacles

. to market exchange type determinations most severe. The major issue raised

is the means by which the regulator'can obtain estimates of the economic’

value of particular spectrum regions for particular types of.use and then

- incorporate such-criteria into an operational decisionmaking  process. In-

" the absence of actual competitivé market éxchaﬁggs the estimation of. such -

values is clearly probiemaﬁic, Crude shadow price estimates, ihdustry

- analyses, auction values obtained in the license assignment process. and

.user consultation may furnish,guidelines, albeit rough ones, in this regard;

The same information can also be used in. the process of séttihg user charges -

designea to recover.at least a portion of the beﬁefits that licensees and

‘their customers obtain from spectrum access.

‘with regard t@ the licenéihg‘of frequency assignments to particular

‘users, the greater degree of homogeneity between users in each class implies

that the obstacles to market based ekchange'determinations are considerably

.;weakenéd,._User charges designed to discriminate between applicants,'auctidns

and modified market type arrangements can be consideredas potential
regulatory instruments. These mechanisms can be applied within a framework

of administrative decisionmaking designed to ensure the attainment of non- _

" economic as well as economic objectives. If, for»example,_the.aﬁctioning

of selected assignments is to be undertaken there would have to be administrative

- specification of both bidder qualifiéations and iicenseIQualificatiohs. THis._

" would apply toAinitial-license_grénts, transfers and renewals.
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Apart from their‘potential allocative role'relating to license assignments,

and their information role'relating to allocations.of'frequency bands to user.

- classes, user charges may be employed as a mechanism to recover for ‘the public

" the value that spectrum use bestows upon the licensee and his customers.

In theory, such charges could be determined on the basis of shadow_pricef

~ estimates, auction values, or at any other level. However, care would need. -

to be taken that the'allocativehfunction is not subverted. There will be

_information deficiencieS'and>the valuations provided will not only be

extremely subjective,.but_a;so subject to manipulation'byxvested interests.

It 13 unfortunate that a- major portxon of the llterature on the subject

of 1ncorporat1ng economlc valuatlons 1nto the spectrum allocatlon and
e a551gnment process slmply‘assumes at the outset:

1. That market detexmined decisions are automaticaliy superior"to administered '

decisions;

S 2. Thatﬂopportunity‘costs,‘however defined and measured, automaticaily willf'

improve the efficiency.of_resource allocation;

3. That any proposal‘to make oreater use_of.markets-and opportunityhcosts:"
is automatrcally 5~mb§e toward.optimal1efficiencf;pas defined'in neo--
classical economic theory}‘ | | |

45 That optlmal efflclency as deflned an neo—clas51cal theory elther is, or
should be the objectlve of spectrum aliocatlon and ass1gnment |

This paper has demonstrated that none of these~assumptionsgis true. .

A change in spectrum,allocation policy from.the-current administered
system to one based on- opportunlty costs as determlned in the marketplace o

cannot be demonstrated elther to -improve the efflclency of resource allocatlon :




_ where research should be dirécted in the future.
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or to more satisfactorily meet the‘ objectives of ""spe'cﬁfum alioéation.' our .
analysis demonstrates fhat direct application of the épportunity cost cbncépt
through the market is neither justifiable nbr.feasible. If thé 6pportﬁﬁity

cost notion is to bé appliéd usefuily to iﬁprové the procéés of spécérum
allocation and assignment, it will have ﬁo be.broadly interpreted and

selectively épplied,in very.éaréful, limited ways. This,pape; has éfoviaéd-'

a first'sﬁep in that direction, but much ﬁore needs to be doneq1 The usgful
application of opportunity cost can only be ﬁade in terms of a common_senée

definition, and not in terms of optimization as defined in neo-classical

_theofy. The problem of developing opérational-procedﬁres“relating to the

definition and implemeﬁtation of relevant conceptions of op?ortunitYVCOSt

is one that has not been eXploréd fully,td date. This is an important area

An examination of the history of the spectrum allocation problem
demonstrates -a series of quéntum jumps'in spectrum cépaCity as a result of

changes in technology over time'asscciated with modifications in the policies

. for spectrum allocation and assignment. The 1979 WARC will be the first -

© general review of radiOAfrequency allocation at the worid level‘sinceAl959.

Technical p:ogress’haé changed'ﬁhe capabilities for using the'spéctruﬁ
significahtly, influenéed the néture of spectrum demands and réised many
'issues that will require change in the'conéepts‘ana metho&s used in radio
spectrum management at bbﬁh the intensive and extensive margins of spectrum

use. Canada will need to assess fully the économié, sobial and political

consequences of possible changes in spectrum policy being considered by 1979
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'WARC, by the U.S. as a result of 1979 WARC and by the DOC.

Important issues that must be addressed by spectrum\policymakerS‘in~"

‘the immédiate»futurecinclude:

The role ‘and operational basis of the economic criteria to be incorporated

in the spectrum management'process_(reviewed in.part in. this paper); .

The_relation'between R. & D.‘directed at technicaluimprovement_in spectrum '

:_ utlllzatlon and the costs of obsolescence of lnherlted equlpment whlch

has lncreased at every stage of growth and expanslon of spectrum use; and

pProblems of spectrum d1s01pllne and the creatlon of cooperatlve groups fwaip;d““
. to coordlnate thelr common lnterests ln uslng a portlon of the spectrum

'In'each lnstance, detalled examlnatlon lnto the operatlonalcaspects_of

the issue is clearly needed.

Furthervstudy on~thecrole of‘opportunity costfand _other economic and

s001al crlterla ln the spectrum management process COuld beneflt 51gn1flcantly

by pursulng the followrng questlons..\"“

1.

The ex1st1ng llterature addressed to the problem of 1ncorporat1ng economlc'i

. criteria lnto the spectrum management.process is,focussed almost exclusively

on prlvate markets and . opportunltydcosts. ‘Qf.more direct'releyance may be
economic theorlesdof rent and. taxes 'Eursurt of'thesectheories‘may‘shed
more>;ight on problems.of incorporating.economic:criteria.into thepprocess
of administrative-decision;mahing._'Market'theory.and opportunrtypcosts
find therr heritagetinutheories of.free markets,\not administered.decisrons;
What changes have been made in Canadlan spectrum.management polrcres and

practlces since 1966? Why werevthese changes made? What have been the

'effects_andlconsequences? The present lnformatlon avallable on thls
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subject is extremely limited and not fully informative-. C ' . .

To what extent does Canadian spectrum management adhere to specifiedl

. criteria in allocating bands of frequencies to classes of users? What

are the critéria“applied? What are the grounds for exceptions'from-the

‘criteria? What is the detailed administrative process that is applied?

The available information provides ‘a very partial. and incomplete explanétion
of how the existing spectrum manégement process actually works in Canada.

Reports of the induétry advisory committees on spéctrum management policies

. should be examined to determine the trend of problems and policy

recommendations over the past thirﬁy_years,"AA

What work has been done in Canada since 1968 oﬁ the devélopment  "

" of the "next generaﬁion" of spectzum engineéring?‘ This is discussed in

the report of the JTAC in connection with the’ U.:S:. Report of the President's '

_ Task Force (1968) . EQuivaleht information should be obtaihed»for Canada.

To what extent does Canada'have sole discretion in defining'classes of

" users, frequency baﬁds assigned to them and relevant engineering standaxds.
There appears to be no public information in this important area.
To what extent do agreements between Canada and the U.S, limit Canadian

. discretion with regard to the points raised in Question 6 above?

Is there a Canadian counterpart to IRAC? Is there-infofﬁation available

on its histo?y and it§ functions? | |

How ié the Canadiah positioh at .ITU Conferenées‘arriyed at?v IA baftiqﬁiar,
how is the Canadian‘position.regarding 1979 WARC beiné'formﬁlated?"Effective

pursuit of the operatidnal aspects of any economic_concepts'will,require

a detailed'uhderstanding of these current processes?

To what extent is R & D. a barrier to the resolution of the major problems ‘

in spectrum management today? To What extent is'unwillihgness on. the part '

of classes of spectrum users to accept obsolescence in their investment in
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‘ L " radio equipment a barrier to the resolhtion.. of the major problems in.‘.
spectrum management toda?? |
11. Relatihé tovpoiht 10 above, mhat is the»preseht gr0ss and net investment
in spectram relatedfeQuipment ih Cahada?r This ihformation-is crucial
to a complete assessment of the.obsolescenceilssue°' |
12..‘What has’ been . the pattern of expendltures for: (al equ1pment and {b)
. maintenance ahd repalrs by classes:of.users'of the.radlo.spectrumo;n. : R H‘A\
the civilian;_military and‘non;military goVernment sectors in Canada
..oVer_the‘past 10 years?hvAgcompleteheconomic.analysis must~consider“
cdthis important economicidata,relatingitoﬁinyestments‘andlongoiné empenseénik

of uslng the spectrum.‘ e

l3; -How is the spectrum now allocated between c1v1llanv mllltary and non—.‘- h iﬁfﬁ
P_mllltary government users‘ln Canada? Thls 1nformat10n would be most \:"': ,f%;
. - o '_useful 1f 1t were. cateéorlzed accordlngt to. “below 30 MHz, from 30
- '_;MHz to l 000" MHz, from erHz to lO‘GHz, above-lO GHz. Effective‘
t:pursu1t of operatlonal questlons requlres thls.lnformatlon as. a. base -

'for analysis. :

The slgnlflcance of p051ng these questlons as- polntlng the dlrectlon for.

) future research is not simply to obtaln the ansmers; AFor some'ofuthem-answers
'can be readily prov1ded. Rather, it is the supportlng 1nformation, the trends
‘over tlme, the crlterla for dec131ons and the data employed in applylng those

crlterla that are crucial to an’ 1n—depth examlnatlon of the operatlonal feaslblllty
- of employlng economlc crlterla in the Canadian spectrum management process.v'This-

1nformatlon would prov1de a useful basis for bhlldlng on thls report toward a

more .deta:_l.led exam:.natlon of the economic llsshes, '_emphas:Lz:Lng .the:L.r operatlonal

. - ’ aspects and addressing the prohlems of implementation."
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