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This report contains the results of a pilot study, carried out for

the Department of Communication, Economic Analysis Branch, on the possibility

and desireability of develéping a model to assist in the. formulation

of .spectrum policy.

a)

b)

This report is in three section$

The study had two aims:

To conceptualize the policy formulation problems
in terms which identify the scope and importance
"~ of the problem to the Department of Communica-.
tions, and which identify the data needed to
approach the problem, and

To assess the potential value of some of.thé

techniques of systems analysis in the policy
formulation problem.

: a formulation and conceptual-

ization of the problem of spectrum allocation; a description of those

data which are required for spectrum policy anélysis and of those. which

are available; and a discussion of alternative forms of models for policy

analysis.

-The report concludes with some recommendations for future
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activity on the problem. Tﬁis'isva pilot study, so any’éonclusions aré
preliminary and-subjeCtAto fUrther exploration and anal&éis and tbival—
idation %hen data.become available. A major concern in the work feported
herein is the impact of technology on the utilization of the radioA
spectrum, because technological developments are likely to be of increasing

importance.

"For the sake of specificity, this report focusses on the task of

allocating specfrum for use in land mobile communications, aithough it

is recognized that all decisions regarding allocation of parts of the
electro-magnetic spectrum are interdependent. The allocation of part of

the. spectrum to a class of users affects all other current and .potential

" future users, although frequently in an indirect and sometimes. remote way.

It shbuld'also be noted at the out-set fﬁat, altﬁough it might be desireable,
perhaps even in some sense optimal, to completely reallocate-the enfire
avaiiable spectrum on the basis of detailed analysis and careful costing,
fhis sort of action is impossible. There are so'many rigidities present
because of the large investments in production facilitieé and equipment in
use that any majof change in allocations of spécfrum could have disastrous
effects. Any new policies must produce gradual_chanée.tied,to;vor at

least in step with, new technological innovations.




The Spectrum Allocation Problem

ﬂPe radio spectrum, as g Vgluable and'limited-resource,.muéf~be
a110catéd among competingAuses and users on>the'basis of.goVernmentéli
pdlicieé. These bolicies must be deveiop¢d'and évaluated in a climate
of explosive growth in some areas of the user group, at a time when

technological change can have very significant impact on the users and
the types of use of the spectrum and in explicit éognizance of.loosely
defined social goals, changing international agreeménts and the funda-

‘mental fact that any user has the potential through interference to

devalue the resource for other users.
1

A number of groups (largely industrial) in Canada and tﬁe United
Stafes of America have made forecasts which lead to the conclusion
“that serious over-crowding-of parts 6f the spectrum, espeéially in large
urban areas, is imminent. These forecésts are very simplistic, typically
based on projections of historical growth rates iﬁ saiés and on population
projections. Important aspects of the problem sﬁch as market and techno-
logical effects are leftfoutlof most of these modéls; but the.fundamental
issues are clear and the conclusions are essentially valid. The main
purpose of this study is to discuss the feasibility of modélling the
-policy fofmulation-énd analysis process so thaf reasonable and effegtiVe

responses to these problems may be formulated.

The problem is important, not only because over-crowding of the

radio spectrum leads to interference and inconvenience for some users.,

but also because of the very significant contribution which widespread



use of mobile communications'can:make to society and to tﬁe economy.

Land mobile radio, used commercially, can substifute efficiently»for
capitalﬁand for labour and cén lead to reduced costs and increésed '
responsivenesé to .consumer demand. In the public sector emefgenqy poiice
and ambulance-services depénd heavily on mobile radio.communications.toA
.carry out their duties effectiyely. Steady growth in~thesé.§gfvi¢es_

as well as the developmeht and expansion of services sucﬁ as mobilé .
felephoée, automatic vehicle monitdring, paging, autbmatic beaconé aﬁd
general radio service will contribute to the growing pressure to revise

allocation policies.

1
K

Data Requirements

The central rolé.bf spectrum policy analysts consists of anticipating
and solving problems of increasing demand for portions of a limited resource.
This task is véry complex because it involves considefétioﬁ of social,
political, economic and technological factors, many of which are not readily
QUantifiable, However, the task of the body charged with making the
allocation decisions can certainly be assisted by reliable hard data.

The data which are most uéefulvin_the ultimate model can, of cburse, only
be détermined after a éiass of models has been selécted and the important
variables estimated. It is necessary to postuléte as many variébies-as
poséible, to collect reliable data on these variables and-finally to assess

their ufility in the context of the type of model ultimately constructed.

)




Those yariables which should be considered as a-minimal set can be
classified into five‘groups: demographic, economic, social, technological
and spe%truﬁ useage variables; Demographic variablee are neededﬁfof
characterize tﬁe age distribution, inceme distribution aed locational
distribption of the populationﬁ These variables will be useful in assessing
the contribution of'pepulation changes, rural/urban differenees and age -
to the.Ftilizatioﬁ‘of radio spectrﬁm, Econemic variables should include
equipment costs, measures of_suestitutability among alternatives (such as
CATV for broadcast TV), measures of utility forlvarious types of service
to various users, national econemic indicators and regional economic
indicators. Social Variablesvwhich may be useful as predictors would
include measures of population mobility ahd indicators of social conditiohs.

The latter variables may be even more useful than economic variables if

lead/lag relationships with economic activity can be established.

Technological data should include technological forecasts of possible new

develepments, together with estimates of time spéns for implementation.

Finally,.Spectrum useage data, which are clearly very important, should

“relate to numbers of users per channel, numbers of.channels per megahertz

and the frequency and duratlon of transmission by licence holders It
would also be Very useful to have estimate of ‘the nuibers of unlicensed
sets in operation. " This variable could be crudely eetlmated by comparlng
numbers of uhits produced by all manufacturers to numberS of‘1icences_

issued and adjusting appropriately.

v



The abové list of type§ of variables is ldng, but it is_étill nnt

' exhaustiVe. We must recognize that an important goal in modelling should 
be parsimony. The final model-should have as few variableé as pbgsible,
consistent with the generation-of behaviour in the model which is faithful
. to the observed béhaviOUr in the actual system. The choice, from among
all possible Variables, of thosé variables to be used in -the analysis,

A must await.a detailed study using actual data and the methodology to be
proposeé. Such.a study wiil eliminate those vafiébles for which the cost

. of collection is too large relative to their contribution to the»modél;

Data Availability

A'numbgr of demograpnic, social, and eénnomic variables are available
in the publicntions of Statistics Canada, although they.are'nof always
timely; and the frequency‘of computation.of some measufes is unsuitable.
Because the rapid growth in land mobile radio is a relatively recent
phenomenon, it wiil almost certainly be necesséry to look at monthly data
" in order to have series which are'longAenough to establish trends. 'It may
be necessary to disaggregate some of the series, with all-the_attenaent
problems. Some of the variables, snch as equipment éosts, wiii have to
be sought from industry sources such as Electronic Industries Association
of Canada or the American counterparts. It is, however, unlikely that
these industry groups hané data in sufficient quanfify, at a sufficient level.
.of detail and quality, and available for public consumption. One must
_antiéipate tnat much of the_intéresting data (for example, futnre teéhno—

logical plans) will be considered secret.



: Data on technological futures might have tb be collected dg novo
by means éf'personal interview or by use of a-Delphi study. ‘Someldata
can be gleaned from thelteStimony of the carriers at regulatory héérings,
in Canada and in tﬁé United States of America,.but these business plané
must be treaféd with requisite séepticism.~ It‘may be that some data can :
belédnstructed by analogy with similar phenomena, or the same phenomenon
in other countries. It is élear, for example, that the countries.of
We;terniEurope have faced the problems of spectrum crowding and are making:

efforts to solve them.

Séectrum useage data and World‘dafa should be available from the,
Department of Coﬁmuniéations, but, as has been pefsﬁaSiVely érgued‘l’2 prior
to ana‘during the work of the S.M.S., this is not the case{A.The-major
sources of déta are, D.F.L., I.R.L.S., F.C;C. ahd I.R.A.C. énd,'although
these files are adequate for the frequency assignment and iicensing
functions for which they were designed, they are inadeduate for anélysis
of spectrum policy options. The structure of the data files, their lack
of .accuracy and completeness, and the fact that some vital elémenté are .
missing, makes these files unsuitable. These problemsvhave been well
recognized within D.O.C. and it ié hoped that fhe new S.M.S. wili provide

data in useable form. The proposed Spectrum Surveillance System, which

1. Data and Statistics for Spectrum Policy Pufposes; an internal working

paper by G.R..Begley, March 12, 1976; D.0.C.

Identification and Analysis of Data Items for Assignment Licensing of
the Spectrum Management System, Spectrum Management System task force,
internal. report December 1975, D.O.C.




‘will provide land mobile~éhaﬁne1'loading information‘will be_an(iﬁportant
part of tﬂe S.M.S.. Until the S.M.S. project Masfer database is’fully
opérati@nal, déta,wil} have_tb be obtainéd from the existent filgs,_with'
careful attention being paid to the shortéOmings.' On a regional baéis
it may be désireable to access the détabanks maintained in th¢ Regions,

to obtain timely data.

Methodoiogical Options

In .all phases of government thére.has been an ongoing searcﬁ'for
systems of improviné the general welfare through better decision making.
The only solutioé which has been found has been to seléct the Wisest
possible human jﬁdges or commissiéners to make the'décisions. The problems
are too compiex and the various '"publics' to be servéd have interests
which are too divergent and often conflicting té base the &ecisions on

other than human judgement. However, such judgement pfocésses can be
.augmented and assisted by éareful analysis. A report in 197Q to the
Unifed States Director of Telecommunications Management by the Coﬁmittee
on Telecommunications of the National Academy of Enginee-ring3 suggests'
that thgre_are four areas in which it is practical to improve épectrum

-management:

3-' . ) . . l ) '
The Application of Social and Economic Value to Spectrum Management.
Final Report to the Director of Telecommunications Management under
contract OEP-SE-69-101, June 1970, pp. 2,3..
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1) Enrich the processes of judgement with social and
.economic evaluations of the 1mpact of potential
spectrum decisions.

2) Develop procedures whereby the interest and counsel
of other than adversaries in particular Spectrum manage-

ment issues could be brought into the total process of
evaluation.

3) Be concerned for balance and diversity in background of
-training and experlence among the Judges, and

o 4) Stimulate and encoulage further research into procedures

~ for evaluatlng technical, economic and social factors.
i . :

The present work can be viewed as a response to the need expressed

in . (4) and a specific attempt at the task set out in. (1) above.

1
.

The problem of spectrum allocation policy. can be viewed simplisticly

as one ‘of forecasting future demand for licences in a number of categories
of service and a numbeér of geographic regions, forecasting the amount of

available spectrum on the basis of existing licences and possible cancell-

ations and then incorporating technological forecasts.' These technological

forecasts may involve substitution among_exisﬁing and new‘technologies
(and forecasts of the rate and extent of substifutiqn), or devglopment
of new equipment,or the utilization of new ﬁethdds of‘transmissidﬂ.of
signals. An examplé of this latter phenbmenon is-CATV,,whi;h‘has the
potential to essentiaily eliminate the_broédcas£ of'airborné television
(aﬁd to some extent radio) signals, especially ih congested.urban areas;4
There is also virtue in atfempting to assess the extent to which techno-
logical ihnovation is laige1y~a response to the prdblems of over?croﬁding

¥ . -
of the spectrum, rather than the natural technical change in an industry

George, D.A. Telecommunications Technoilogy, in H. Edward English, wed.
Telecommunications for Canada, Metheun, Toronto, 1973, pp. 257-300.
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with a high level of technological'expertises. Technological innovation
of the former type may be expected to be self limiting as new poiicies
(and otber breakthroughs) reduce the congestion, and this réduces_the_

pressure to seek alternative solutions.

A further aspect is that.technological innovation or spectfum allo-
cation deéisioné may lead to.significant changes invthe utilization of the
specfrup and in prompting further»technolpgiéal developments. A Cufrent
example of this phenomenon involves the recent American (iecisio‘n‘6 to
reallocate spectrum>from UHF télevision to 1ahd_mobile in the 900 MHz band.
This ﬁaﬁor décision was, fo a large extent, made‘possibie by the'devélop—
ment of the.celfﬁlar system whereby a large service area is broken up into
small cells‘wiﬁhﬁauﬁqmatié switchiﬁg among cells asAmobile users move from
cell-fo cell. This‘decision wili prompt more iesearch and developmeént ‘

into the cellular and alternative systems and will undoubtedly lead to

better technologies, reduced costs and increased demand for services.

Some of the methodologicai tools which can be bfought'to’Bear on the
present problem include: econometric modelling, scenario construction,
simulation, sensitivity analysis and dynamic modelling. These approaches

are not, of course mutuaily exclusive, nor are they exhaustive, and virtually

$ 3. An interesting aside in this regard is the fact, cited by Rose, J.C.

in "Baby Dinosaur and Antitrust Policy, Communications, April 1976,
that, after the famous Carterfone decision in the U.S.A. which per-
mitted the attachment to telephones of equipment not supplied by the
telephone companies, ATGT has introduced three new switchboards, each
of which took approximately one year of Research and Development,
whereas, prior to the decision, Research and Development time was
almost six years.

~F.C.C., Docket 18262, United States Federal Communications Commissioni



all of them must rest on a solid basis of sound statisticai data.aﬁalysis.
We will now briefly describe some of the characteristics.of theseaapproaches
and their utility in the problem of spectrum allocationf It should be
noted here that some researchers have argued that spectrum should be
allocated as any marketable good; that is that governments take a purely
economic approach and allow the marketplace to ration the good among
potentlal customers using purely market mechanlsms.7 Thls concept is in
direct oppositioh to the view that government should use public goods in
ways which help to achieve social goals,”and.cannot be .the solé basis of
an allocation system. This.does not preclude the right (perhaps even the.
vresponsibility) bf'government to price (via licence feesj the use of the
spectrum in waysjwhiCh reflect, to a greater or 'lesser degree,-the value

- of the spectrum in the hands of.the licensee nor to effect some rationing
'in.this way. The point is, eimply, that non-economic factors must also

enter into the allocation decisions in non-trivial ways.

Econometric Modelling

~ The science of econometrics is based on the premise that changes in
economic activity can be explained by a set of felationships‘ahong economic
variables. These simultaneous equation models are useful for conceptu-
alizing a set of hypothesized inter—relationships>among the economic varia-
bles and for judging the extent to which these hfpothese are supported by

available data. They are not, however, very useful for incorporating

7. An interesting sidelight here is the fact that, since spectrum use is

not priced, the normal market process. of redu01ng inefficient use of
a scarce resource through a high price is not present.
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non-economic data or qualitativé variables, nor for.assessing the  impact
on_the‘impdrtant variables of allocation decisions,A In the pre#eﬁt context
an eco&ometric'mode; of the amehabie aspects ﬁf_the subject systém will

. permit the testing of some structurai hypothesis about the démand/Supply
characteristics of the system which will have a beaiing on the determin-
ation of which types of policies aie likely to be efféctivé;

i
Scenario Construction

‘Researchers interested in technology»assessmént and 'futures; studies
make heavy use of séeparios. Thése-ééenérios can - then be éubjected»to
discussion and énalysis‘by experfs'to:searéh for consensus dnAPOSSibie
economic and social imﬁact. For example, a scenario migﬁt 5pecifyithat,

' by the year 1985, ﬁpockét-size, two-way, multi-channel transcievers with
high Service quality‘and range of 20 miles ére widely availablé at $100.
each'". The analysis can then focus on the impact of fhiS'event on relevant
social, economic, and political variables, and also assess the sequence

of occurrences_betwéen‘the present and 1985 necessary to'ﬁove to that
point. These occurrences copld.include techﬂological developments, finaﬁ~

cial investments and policy decisions in the public and private sectors:

A major difficulfy in this approach lies in obtaining a reasonable.
consehSus on possibie scenarios. The Delphi approach and modifications

theret08 has found wide use in the developmenf and partial assessment

¥

8. . : S
Pill, Juri, "The Delphi Method: Substance, context, a critique and an
annotated bibliography," Socio Economic Planning Science, Vol. 5, 1971,
ppo 57—'71. ' ’
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of scenarios. Delphi is a controversial methodology, not without very
: ' 9 : o . -
serious detractors  , but it does hold promise in problems such as the

present&one.

Simulation Models

'The role of simﬁvlationt as a tool in ‘the-a_nalysis of coinp,lex systems’
is welliknownii The principal benefit of a simulation modélAishthat it
permits the introduction of random events into the evéluatibn of the
system. These events, such as the occurrence oan téchnolbgical break—

through in miniaturization or in switching, or in television hardware,

can be caused to occur in: the model and their effects observed. The virtue

of a computerized simulation model is that large numbers.of events can Be
éimulated undér.ﬁaripus situations and with various assumptions regarding
diétribution of events and the nature of thgir-impacts on the system, all
without_disturbing-the actual system, and in greatly compressed time spans.
Any method of evaluating policy élternétives must use some aspects of sim-
‘uiatioﬁ modelling, if only because the actual system has so maﬁy complex
intgr—relationships whicﬁ must be left out in:order to have a ﬁodel"of

workable size.

9. Goodman, Joel M. 'Delphi and the Law of Diminishing Returns;“
Technological Forecasting and Social Change 2,°1970, p. 225.
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Sensitivity Analysis

- We mention this topic here to emphasize its importance in the modell-
i . N

. B ) ' : _ o
ing of complex systems, and to indicate that it is, in fact, the principal

means of formulating and evaluating policies. As we have indicated7
elsewﬁerelo, a carefully formulated‘and.sciéntifically rigorous sensitivify
analysis of a compiex system can point up the kinds.of policies_which'will
be likely to yield desireable outcomes. This is an-importént f;sk because
of the countefintuitive behaviour of complex’systems, as described by
Forrester and his colieagues af M.I.T.. In his ground-breaking workll,
Forrestér lists four_reaéonss that intuitively obvious "solutions" to
complex problemSSare ofien seriously wrbng: an éttempf to'relieve one set
of symptoms may create a mode of sysfem behaviour that also has unpleasant
consequenceég the attempt to produce Shofteterm improvement often sets

the stage for long-term degradation; fhe'local-goals of a part of the
system.often conflict with the objectives of thé larger system; and
finally, planners gfe often led to intervene at points in a sysfem where
little leverage exiéts and where effort and money have littlé effeét.

The 6bject of sensitivity analysis on a complex model is to &etefmiﬁe
precisely what sorts of interveﬁtion will achiéve'deéireable systems results,'

and further to assess the global effects of such interventions.

10. West; E.N. Some Statistical Aspects of Sensitivity Analysis. Sixth

Annual Pittsburgh Conference on Modelling and Simulation, Proceedings,
1975, pp. 1277-1281. ' '

11.

Forrester, Jay.w.~ World Dynamics. Wright-Allen Press, Cambridge,
Massachusgtts, 1971. :
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A serious problem which arises in the context of sen51t1v1ty analy51s
and the evaluatlon of policy. alternatlves is the definition of systems
responsé. It is desireable to have a response variable defined fbr4the
éystem so fhat the,perfqrmance of the system after an intervenfion can be
‘readily monitored. For the system currently undervdiscussion, one could
focus on ah éconoﬁic variable sugh a§ estimated total contribution to the
Gross National Product whicﬁ results under a possible'allqcation'of
spéctrﬁﬁ. Con%ersely,.it is.possible to develop a measure which incofpo—
rates social benefits (such as wide access to the spectrum, ﬁodefate
licencé fees, efficient response of emeréenCy services,'eté;) as é.fésponse
variable but the !sensitivity analysis can thén becbme very complicated;
With respect to fhe details of sensitivity analysis, it suffices hefe
~ to remark that the technique of crossed factorial experimeﬁts_is a USefﬁl
way to examine a wide rénge df-possible ValueSfop the many variables which

characterize the system.-

Systeins Dynamics

This approach to the modélling and. analysis §f>éomplex systems.arises
out Qf the work at M,I.T. by Forrester, Meadows and their colléagues-on |
the feedback—ioop structure of systems énd their coﬁseqqent dynamic behaviour.
The essentiél features of syétems dynamics models. are. the feedback relation-"'
ships which allow the modeller to adapt the structﬁre_éf the model more
closeiy to the sort pf behaviour actuaily bﬁSefved\in complex systems, and

the fact that they are designed to be iterated through time, presenting
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discrete glimpses of the inter-rélationships of the variables as they

evolve. In the M.I.T. work, and most subsequeﬁt attempts in the .same

vein, ﬂésearchers are studying problems faced by systems in which some of

the crucial variables have been growing over time and appear to be approach-
ing immutable 1imits; this is precisely one of the critical aspects of the
present problem of allocation of the very limited available spectrum.

In the next section we present a preliminary formulation of a systems -
SR ‘ , 4

dynamics model of the land mobile spéctrum demand system.  As emphasized

by Forrester in World Dynamicslz, model development must be -a gradual,
iterative procedure, with the>model constantly subject to re-structuring

as better insigh't is gained into the inter-relationships among the variables.

‘A Model for Analysis

The'pioposgd model . for the analysis of fhg impact of spectrum ailoca-
tion policies employs a philosophy which: can bé.chaiacferized-és cross-
impact forecasting. This model incorporates cross-impact analysis and
trénd extrapolation ih the medium of a systems dynamics simulatibn; The

primary aim is to produce scenarios of alternative future trends which

are simultaneously extrapolated on the basis of past daté,-and which interact

with each other. There is an underlying assumption that any social System
has a great deal of inertia, and thus the most likély future will lie

close to a simple extrapolation of past trends of key variables. It is

further implicit that ény deviation of a variable from its historical trend

1?‘ Forrester, op. cit., pp. 15, 32.
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will have an impact on other variables in the s}stem. The purpoee of the
feedback (systems dynamics) model is to track all system trends as they-
are 1mpacted by.and react to changes in. other trendsf As w1ll be_seen,
candidate ne& policiesAand technologieal events can be cheraeterized

by changes in historical trends and.in-CIOSS-impacts emong variabies;

In thie preliminary eXposition, we discuss briefly how ﬁrends may be

extrapolated, give some ideas on the estimation of cross-impacts and devote
i .

- .considerable space to the dynamic modelling problem.

}Enzer13 has definedlcrose-impact'analysis as: '"...a generic name
for a family‘ ofltechniques that try to evaluate'changes in likeiihood of
occurrence amongian entire set of possiBle fu@ure'eventsland<trends.in
light of limited changes in probability for some dfithe items in that set."
In the Enzer formulation, and in the present model,'inferaction.are |
defined only fer pairs of .events or trends. Higher'order crossQimpactS

pose very difficult conceptual ‘and estimation probiems. According to Helmer14,

the general situation can be described as a game composed of -trends (time
series data on key systems variables, e.g. G.N.P., demand) and events
(unexpected occurrences such as technological breakthroughs, crises, major

pollcy dec151ons) whlch cause trends to deviate from their naive prOJectlons.'

Between each pair of events or trends (or mixed- event- trend pair) there is

13. Enzer, S., Qross Impact Technlques in Technology Assessment, Futures

4 (1) pp. 30-51, March 1972.

14. Helmer, H.0., Cross-Impact Gaming, Futures 4 (2) pp. 149-167, June 1972.
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a cross-impact, which may be zero, of course. The situation'may,be-
described as in Table I.
: . .

5

: S . %
Table I. - Cross-Impact Matrix for Trend-Event System
Ty . ‘Tz ceseran T Eq - s Epo ¢« ¢+ E =
i n _ , . m
o o— KT XmTa o YmE, o0 KTEm
T, .X‘T.‘__'T‘l nund _ )('TLTV\ YT‘:.. o te XT?. tM

C?'ft;

H.I' XEmT. Y\EW\T'L """i

* . v

T1,Tg,....,T are trends ’
El:Ez’---'iEm are events
XTL' E J‘ ‘

= cross-impact of trendT}on'event[% .



Helmer categorizes the four kinds of cross-impacts possible i
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. 15
this context as

b

2)

3)

4)

In order to keep the initial model as simple as possible, we consider
a system containing only trends.and trend-trend impaéts.

of surprises (events) can be incorporated later if the model appears to be

Trend-upon-trerd ¢ross- impacts: depend upon the diff-
erence of the trend from its initial projection mul-
tiplied by a constant and activated after a predeter—
mined delay. -

- Event-upon-event cross-impacts: influence the odds

of occurrence of the impacted events by a multipli-
cative factor and'is activated after a time delay.
Whether the impacting event occurs or does not occur,.
the impacted event has its odds of occurrence altered.

Event-upon-trend cross-impacts: cause a predetermined
amount to be added to the trend if the event occurs,
or subtracted from the trend if -the event fails to
occur. It.is activated after a predetermined time
delay - B

Trend-upon-event. cross-impacts: multiply odds of
impacted event by an exponential teérm, exp(-AT: con-
stant), in which AT repreésents the deviation of the
trend from its initially prescribed value at that
time. The impact is activated after: a predeter-

mined delay.

unresponsive to'changes in the trends of key variables. Figﬁre,l

The occurrence

;_which

uses the system dynamics nomenclaturé, illustrates the feedback nature

‘of the system, for the case of two trends.

15.

Helmer, H.0., op. cit. pp. 152-153.
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FIGURE I - Systems Dynamics Model of Trend—Trend Cross-Impact System.

" As can be seen, there is.a closed-loop feedback 5ysteﬁ: theAcurrent
level of trend 1 (TR1) leads to a cross—imﬁact (via T1T2m table) on CTR2, .
the ﬁontrol rate for trend 2 and leads to a new trend level (TR2), which,
through.table T2T1im (the crdss;impact.of tfend 2 on trend i) Qaries the rate
of change of trend i,<i¢ading to a new value of TR1, and so on. .This:
system éan theﬁAbe simulated through time to'forecast:the 1ike1y.behayiour

of the relevant trend(variabies.
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A major problem (and really the only one) in,tﬁis<methodolqu_is
the.esfimation of the values of the croés—impacts. In the systems
dynamics formﬁlation_thesé are tabulaf(funCtional) relatidnships WHich
describe how thelimbaqted variablé'will react (in terms of:changes in

its nqrmal'fafe bf change) to a deviation of the impacting rrénd'awayv

from its naivé extrapolated value. "Concretely, the relatibnships may

be.desgribed by two equations:

Deviation in chang

in trend i over Naive increments in Cross-impact of
time period K to "~ | trend i at time K . X trend i’ on trend i
. K + l :! . »” . s . .

- : This deviation is then used‘tp determihe the level of trend at the
\ . end of peridd K: .

Yfrend,i at the :] ‘|Trend i at the begi}' - Change in trend i which pccurfed.
= +

end of period K inning of period K during period K = sum of naive
' ' inCremént plus deviation caused

by cross-impact.:

or, in the DYNAMO notation used in systems dynamics simulations:

TRI-J * DT* CIRI:JK ey

TRI-K

CTRI-KL = CTRIM* (TI'TIM-K + 1:0) (2)

In this notation we write a vafiable name-(e.g. TR - trend or
CTRI-— change iq'trgnd i) followed'by‘a'subscript (*K , -J) with the
conveﬁtion that k is the'cﬁrrent tiﬁe period, J is the previous:pefiod,
'. _ - and L is the next time period. Thus -JK refers fo the intervai just _‘

preceding the current instant, and ‘KL refers to the coming interval.
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The length of each interval is constant (PT time units) and rates are
expressed in amounts per time unit. For example, G N p. may be forecast
to change a number of dollars per day and. a time period may be 365 days

(DT = 365). The model ‘can thus be incremented ahead one year at a time.

or usiﬁg a smaller DT. The variable CTRIM is the naive per-period

change in the value of the trend as time passes, and the table

_ TI TIM glves the eross- 1mpact of trend I on trend I due to the deviation

. of trend I from its projected value in the time cycle ending at K.

This assumption that the cross-impact depends only on the deviation of

the impacting trend in the previous time cycle is not crucial. The

' cross-impacts can also be related to time, to some. exogenous variable or’

to prior rates of change of the other trends. The cross—impaets are
defined to-lie in the interval (-1, 1) - one pOSSible tabular function

is shown in Figure II.

Corss-Impact of Trend I on Trend I
s

| — 1
- - 1
"

Deviation of Impacting Trend from its Naive Projection

. o/ .
FIGURE II - Cross-Impact of Trend I on Trend I




This figure indicates,for example that if the impacting variable

I") is above its naively projected value, then the impact on variable I

Will bekpositive. Thg'tabular value lies between -1 and 1 so we can see

from equation (2)»above'that the effect can range from total'cancellation

of ‘the change in variable I (TI TIM = -1 so the right hand side becomes 0)

to a doubllng of the progected rate of change in variable I. The no—lmpact

case (TI TIM = 0) applles the ‘normal per-period change (CTRIM) :to the
; l ) R
current level of the trend.
Assuming that the naiVe projection of the trends can be carried out
without dlfflculty, let us focus on the task of estlmatlng the Cross-
1mpacts. This can be done in two ways. Fllstly, a study of hlstorlcal

relatlonshlps by means of multlple regression can yield estimates of the

impact of each of a set of trends on a given trend. Thls i5 an automated

. procedure and assumes that the cross-impacts will not change over time.

Subjecfive judgement“about likely changes could be ihcorporated into the‘

resulting estimates to alter the shape of the tabular functions. The

second approach is to obtain subjective estimates iﬁitially using a Delphi
or Modified‘l)elphi'scheme. This scheme could be implemented by assembling
a panel of experts to discuss which variables are likely to be important |

in analyzing the system. After a list had - been prepaied (and trends

estimated) the cross-impacts could be estimatéd.using,the'experts'_

responses to questions such as:

"If the actual value of G.N.P. at some future time were 100
unlts below the prOJected value, what impact would that have

“on the projected level of demand for radio channels."
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Respondents could be asked to estimate the strength of the cross~-impact
(none,.weak, moderate, strong) and the direction (positive or negative)
and, onte consensus had been reached,these could be translated into.

numerical values.. The well known techniques .of estimating utility

functions involving hypothetical lotteries would also be useful in the

Delphi Study,i

After the trends and cross-impacts have been estimated and the
systems dynamics model has been programmed- in DYNAMO it is enly necessary
to initialize the trends and Tun the model. The output will consist of

the time traces of the. trends and can be plotted for rapld V1sual evaluation.

_The model can be used initially to obtain an unperturbed (surprlse ~-free) -

‘view of the system~tb depict what will happen in the absence of policy

intervention. After this baseline has been established, policies can be
tested by applying them to the relevant trends:et a chesen instant and

then resuming the simulation. - For example, the impact-of_a technoiogical
breakthrough could be assessed by 1nterven1ng with an 1nstantaneous-

jump in the technolog1Ca1 change variable and then continuing the 51mu1at10n.
A policy decision which would reallocate a block of spectrum (as in the_
F.C.C. decision at 900 MHz) could be assessed by reducing the users per
channel variable the appropriate amount and then allowing the sihulatibn ‘
to proceed. Finally, a change in fee~sttuctnre couid be allowed to change
the relevant economic variable before restarting the run;;After each of
these interventions the behaviour of the trend taiiables‘in‘succeSSive time

-

periods will permit evaluation of the likely behaviour of the system. -
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Aftgr.a model has been Buiit and calibrated it may be found to be
relatively-insensitivefto reasonable changes (ihtervéntions),in fhé
variablés used above to test policy optiohs. This staBIe beh#viduf~may
be caused by too .small values of the‘crdss—impacts,used in the model, 6r
may'arise because the system itéelf’has é greét deal of inertia. In order
to\observe'ﬁhe sort of erratic behaviouf which would normallyvfollow a-.
serious policy change (énd sdifhaf actions can be chosén to.fedhcg thé.wide

i . .
fluctuations) it may prove useful to introduce some events (surprises)

. into the model, together with,event—eveﬁt'aﬁd event-trend impacts. These

evenfs can be caused toloccur (and to impact the system) in prechosen,
random ways to simulate sﬁch things as technological breakthroﬁghs or in
deterministic fashion to simulate deliberate policy qhénges. This‘step
of.compligating the model by the incorporatioﬁ of events should not be
taken unless the nature of'theAtrend variables éﬁd their.associatéd

cross-impacts lead to too highly deterministic a system.

Finally, as has been indicated above, téchhology can bé-incorporated

in the model as a trend variable, measuring, for example, channels per

MHz or users per channel and can then be allowed to impact on other

variables and be impacted by them. Alternatively, it may be possible to

: ; : o .1 . A '
develop a technological progress function é.approprlate to the system and

16. Fusfeld, A.R., Technological Progress Function: A New Téchnique for

Forecasting, Technological Forecasting 1 (3), pp. 301-312, 1970.
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to use it as a trend Variablef.,ThiS aspect.requires . further development.
In this same veing the capécity to forecast the substitution of one
technolégy for another will have to be develobed and included in the
model. Stern? Ayres and Shapankél7 present an interestiﬁg case study

and dévelop'éomé'ﬁseful methodology for forecasting the course of market
penetration as a new product or.technology competes with and'graduaiiy.

supplants an older one. This phenomenon is of importance in the present
i ’ ‘ . : .

.system and the methodology should be adapted.

Future Activity

The problem of allocation of radio spectrum for land mobile users

is ecoﬁomically, socially and politically important and must be attacked

- with vigour. This report proposes the construction of a sYstém§ dynamics

" model incorporating elements of cross-impact analysis and trend forecasting.

The next stage should be to conduct a Délphi study to determine a short
list of variables for which trends can be projected on the basis of

reasonably accurate data. This study should also seek consensus on félevant

cross—impacfs and on possible events for inclusion in the model. The model

should be constructed and calibrated uéing a.sméll'number-of’variables
having high reliability. Simultaneously, research should continue on
the develbpment'df technological progress functions for the technology-

driven aspecfs of the suppiy of radio spectrum and on the . forecasting of

Stern, M.O., Ayres, R.U., Shapanka, A., A Model for Forecasting the
Substitution of one Technology for Another, Technological
.Forecasting and Social Change 7 (1), pp. 57-79, 1975.

»/
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substitution because this aspect will be important in evaluating the

effects of technological change.

L
%

The available demand data should be examihed to determine what
level of aggregation is appropriate for the model. If there. are significant -
regional effects, it will be necessary to.cbnsfruct a number of models.

To the extent possible, the structure of these models should be the«same,

aithough? for example, the estimates of cross-impacts may vary widely.

To assist in comparisons, models should, to the extent possible, use the

same set of variables although different policies may be evaluated in the

various regions.

Finally, it would seem desireable, élthough»this pilot study>ha5A
not considered the problem; to simulate the effects of de-regulation of
part of the presently regulated system, in order to examine the likely impact

of some of the current Provincial demands regafding CATV.

Summary

This pilot study has focﬁssed on the problem of allocation of radio
spectrum for 1énd mobi le ﬁsers;_ We have formulated -the ﬁroﬁiém in detail;
discussed data required for an analysis of policy optioh$, and destribéd ,
alternative methodologies for evaluatiﬁg the impact of policy'changes,-
especially considering the effects of technological chaﬁge'on'thé system,
We have éroposeq"a method of analysis based on trend cross-impact fore- .

casting and have.expounded in some depth the details of this novel approach.




- 28'— 

Finally.we have suggested what future activity follows naturally from
this study. In our judgement the model broposed is feasible and poten-
i

tially very Véluable in generating and,assessing policy options for

amelioration of the problem of improved allocation of the radio spectrum.




