.\ _ TRAFFIC FORECASTING FOR COMNAT PHASE 1T

A Feasibi'ity Study

L
ol

O ~d

~N N

(00}
T

Telecommunicstions Economics Branch

Feconomic Analyses Divisiom

22 Febrvary, 1978




l _ ' 7814
o ' : . - T72
" : 1978

- -

©

//;RAFFIC TORECASTING FOR COMNAT PHASE 1T %

A Feasibility Study//}

COMMUIWAIWVS EANABA Telecommunications Eéonomics Branch -

NOW “I\lak\

Economic Analyses Division
22 February, 1978




e
T
7%
1978

T
d
d
i
i
i
I
1
i
1
i
1
1
1
Ty F7E 9 "
D268 .
1
1
i
i




TABLE OF CONTENTS

1. Introduction . « « & & & o & o o o o o s « » =

2. GTA Forecasting Activity for Phase II
and Termination Rates Determination . . . . .
2

3. Potential Usefulness of the Econometric

Approach + . &« & & v v v v v 6 ¢ s e e e e e

L, Conceptual ISSUES .+ « v o o o o o 270 o o &+ »

5. A Review of Previous Modelling Efforts . . .

6. A Proposed Approach . + ¢ « & « & & o ¢ .

Appendix 1:

Appendix 2:

Fconometric Model for GTA Toli
Traffic, EPPB.(March 1973)

14

19

Econometric Model of Local Telephone

Expenditures, EPSB (March 1976)



m mm M em EE S W N NN M BE WS NN N N A B W E

-1 - DRAFT COPY ONLY

TRAFFIC FORECASTING FOR COMNAT PHASE IT

A Feasibility Study

1. Introduction

This, report has been prepared in response to a request from the

N

COMNAT Review Committee that DEA investigate the possible application'of

econometric techniques to the forecasting of GTA traffic as a cross check fo"the
GTA . "bottom-up" traffic forecast. The forecastihg model to be developed

should have the capability of producing both forecasts and simulation results

_based on alternative scenarios. These estimates of future traffic will then

be an input into the cost benefit analyses of COMNAT and of the various alternative

arrangements to be considered.

In what foilows we shall first‘give é brief description of GTA's
forecasting activity for Phase II. We shall.then examine the potential
contribution.- that an ecoﬁometrié approach could make to the forecasting activity
and review the econometric modelling efforts which have been made so far to
forecast traffic. This will be followed by an investigation of the conceptual
framework which could be adopted and a discussion of some of the problems

which will have to be overcome. Finally, we shall propose an approach for

" econometric forecasting of traffic and establish a time table for. the project.
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2. GTA Forecasting Activity for Phase II and Termination Rdtes Determination

It i our understanding that GTA forecasting activity for Phase II
consists essentially in finalizing the 1981 implementation forecast which has

been developed jointly by GTA and TCTS. We understand from conversation with

GTA staff that this task is now complete and that Bell will use these forecasts

to establish on behalf of TCTS the rates to be charged to GTA for the use of

COMNAT.

Because of the delays caused.by the suspension of the contract it is
now expected that COMNAT cannot be implemented before 1983. Béll has been
instructed by GTA to establish the rates on two alternative scenarios, 61) a
"slow growth‘scenario" iﬁ which it is assumed that the 1983 traffic will be
the same as that currently predicted for 1981 in the 1981 implementation
forecast discussed above, (2) a "high growth scenario" in which the 1983 traffic
is assumed to be 127 higher than the expected 1981 implementation forecast
traffic. These traffic forecasts will then form.the basis of the cost

effectiveness evaluation of COMNAT in 1983.

The" traffic forecast is quite crucial for rate determination and for
the ultimate cost of the system to GTA bec%use of the 907 commitment provision
in the contract. The clause commits GTA to 1,000 switch terminatioﬂs, or 907
of the switch terminations forecast in the implementation forecast, whichever
is greater. Moreover, GTA is committed to 907 of the Centrex or PBX

terminations, provided for in the implementation forecast, for each of the

telephone companies which are part of the contract.



It is not exactly clear how Bell determines the termination rates

but we understand that they are established so as to enable TCTS to recover the

cost of the sysEém over the life of the contract. This procedure raises a

number of questions:

(a) The expected life of the equipment (digital) is probably much
longer than the contract duration (10 years). Should the rates

not be established on the expected life of the equipment rather
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than on the contract duration?

(b) A major determinant of the termination rates will be the
expected rate of inflation over the contract duration. What

assumptions will be made by Bell in this respect?

(¢) What will be the impact of the traffic forecasts on the
termination rates? It is expected that the switcher
termination rates should be somewhat lower for relatively
high traffic forecasts (the high growth scenario) because

the fixed costs of the system would be spread over more

terminations. However, since under the new COMNAT configura-

tion the switches will be shared with TCTS rather than

dedicated to GTA, as previously planned, the fixed cost

elements should be relatively small., Moreover, one should

.not expect traffic forecasts to have an impact on Centrex and

PBX terminations. Hence, the impact of traffic on termination

rates should be minor.

v
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(d)

i

What is the impact of the 907 rule on traffic forecasts?

If, as indicated in (c) above, traffic forecasts have only

—

a minor impact on terminations rates, it is in GTA's own

%,

interest to base the system definiﬁion on a rélatively
conservative traffic forecast in order to avoid undue
terminations commitment. On the other hand, it is in the
best interest of TCTS to use rather optimistic traffic
forecasts in order to reduce as much as possiblé the risk
of over-investment. We understand that this difference

in objective has become apparent in recent discussions on

traffic forecasts between GTA and TCIS.

Potential Usefulness of the Econometric Approach

prove quite useful, not only to better understand the determinants

Since GTA has already produced some traffic forecasts as a basis of
the implementation forecast, one may wonder what is the potential usefulness

of the econometric approach. The purpose of this section is to answer this

of traffic,

concern and to formuldte more clearly the advantages as well as the limitations. |

of the econometric approach when compared to the bottom~up approach used by GTA

and TCTS.

In bottom-up forecasts, the influence of various factors.is taken
into account implicitly on a judgmental basis, whereas econometric forecasting_
models explicitiy'relate traffic to various explanatory variables. This could

but also to simulate alternative scenarios. It mustvbe recognized, however, that
the practical usefulness of such models for forecasting and simulation will depend
crucially on their proper specification and on the stability of the relationships

which have been established. It is not clear at this stage, in light of the data
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limitation we are facing, whether it will Ee possible to establish such stable
relationships. Moreover, it cannot be over—emphasized that model specification
and estiﬁatioﬂirequire considerable time and e€§9rt. Finally, even if stable
relationships can>Be established, the accﬁracy of thé_traffic forecasts will
depend crucially on the accuracy of the forecast of the explanatory variables.

It is*not clear, a priori, that we shall be able to produce good forecasts of

these variables.

Traffic forecasts in the bottom up approach appear to be greatly
influeﬁced by the most recent past experience. The econometric approach makes
a more systematic use of historical data. This may be an important advantage

. since telephone traffic tends in general to be charactefized by a high ;egree

of inertia. If this is the case,it may be quite useful to adopt a time series

approach and relate future traffic to current and past behaviour.

Finally, econometric models may provide better over-all traffic
forecaéts because, in such models, relatjonships are established directly
at the aggregate level. In the bottom-up approach, on the other hand, aggregate
traffic forecasts are built up from individual link forecasts. This is based
on the implicit assumption that traffic can be forecast for each link in
isolation of what happens on other links. This assumption may not chessarily
be valid. Indeed, informal discussions with Bell Canada personnel suégest thatr

bottom-up forecasts tend, in general, to be overly optimistic.

Despite the potential advantages of econometric models which have
been described above, -it is clear that they cannot provide the detailed traffic

forecasts required for the implementation forecasts. At best, only aggregate

econometric forecasts for major links will be obtained as cross-checks of the

N

bottom-up forecasts.

.
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" 4, Conceptual Issues

To develop an econometric model for foreéasting voice traffic
demand raiges a number of important conceptual p;oblems. The purpose of
this section is to examine these issues in order to lay the foundation for the
proposed ‘approach which 'will be described below. The issues
to be considered here pertain to the definition of voice ﬁraffiC‘demand and to
the relationéhips whiéh could conceivably be established between this
demand and a number of possible-explanatdry variables. Let us first consider

the problem of defining voice thffic demand.

Ideally the definition of traffic demand should reflect the
multi-dimensional nature of telephone servicesand be useful for tackling the
problem at hand, namely the cost-benefit evaluation of COMNAT and alternative

arrangements. Let us consider these questions in more detail.

Traffic has four major dimensions which may havé é bearing on thé
opéimal network configuration: ‘(a) number of messages; (b) duration of
messages; (c) direction of traffic flows; (d) geographical distance covered.
For a proper cost effectiveness study one should probably try to build a

traffic index reflecting all four dimensions. .

The number of messages statistics are not directly a&éilable from
GTA files \bgcause traffic is measuted in average busy hour centum call seéands
(ABHCCS).for system management purposes, One CCS is a measurement of traffic
volume equivalent to 100 call-seconds. Under certain assumptions, it is
possible to establish a relationship between traffic measured in CCS and
total méssages. It is not clear, however, whether this relationship is likely

to remain constant over time, or how it can be expected to change.
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- Another important related point is that demand for voice traffic should
really be measured in terms of 'offered traffic" i.e. attempted calls on the
network (wheth;; successful or unsuccessful) rg;her than in terms of "carried
traffic“-(successful calls). Most of the data available unfortunately pertains to
carried traffic rather than offered traffic. This could be a major stumbling
block in the analysis. However, we understand that GTA ié attempting to recreate
offered Qraffic estimates. If successful, this effort could be very vaiuable for

our analysis.

Although no information is available on message duration, the data
available provide detail on direction of traffic and geographical distance
covered. These dimensions of traffic demand may have aAmajor impact onﬂgetwork
configuration. The creation of a switched network such as COMNAT is cost
effective if the increased switcher costs are more than offset by the reduced
line costs. This will not be true for all traffic flow coﬁfigurations. In the
case of GTA one could conjecture that the hierarchial functional relationship of
the Public Service should be reflected in tree-like traffic flow patterns. In
this configuration, the '"trunk" of the tree is the traffic flow between the Ottawa
headquarters and fhe regional office while the '"branches' are represented by the
traffic flows between the regional offices and the various district- offices.

If such a tree-like flow pattern is a good representation of GTA tféffic (i.e.
heavy traffic between selected nodes) the creation of a switched network becomgé’
much less at£¥active from avéost effectiveness point of view since the switching

requirements are not very high and the potential for reduced line costs is

limited..
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It is apparent from.the above discussions that to be useful for the
cost benefit evaluation, traffic demand forecasts should take into consideration
(even if only in the form of explicit assumptions) the four dimensions of traffic -

which have been identified above. Failure to do so could seriously bias the

analysis based on these traffic forecasts. Let us now turn to the various

~ potential explanatory variables which could be used in the analysis.

It is useful from an analytical point of view to treat the demand for
telephone services in the'public sengice as a &erived demand. Telepﬁones are used
by public servants as a tool in the production of services (public outpﬁt)
provided ultimately to the population at large. The telephone services input can
be expected to vary with the nature and quantity of ser&ices provided, ££e other

inputs used in the production process and possible substitution between telephone

services and other potential inputs.

The difficulties involved in defining and measuring the output of public
servanté are well known., However, it must be recognized that the nature, as well as
as the level, of the output will affect the input mix and the total input require-
ments. Some types of public output may be more "communication-intensive' than others.
For instance, the delivery of social services such as welfare, UL and manpower
programs may require relatively more voice communication than for, say, services.
1t may thereforé be useful for analytical purposes to break public ;utput into.fﬂ
homogeneous groups of services based on their degree of communication intensity.

As a first cut, a breakdéwﬁ of public outpﬁt (however it.is measured) by.Department

could be done in order to determine if significant differences can be found in the

output to voice traffic ratios obtained for each Department.
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As pointed out above, in addition to the kind of services provided by

- public servants, the level of public butput-is another important determinant of

traffic demand. However, since in most cases, it is not possible to measure

directly the volume of public output, indirect measurement is required. Indices

of public output can be built from input information such as the quantity of
human resources used in production :'or the level of government expenditures. -

Another possible index could be the size of the population served.

The geographical distribution of the.output is another key factor.
Depending.on the nature of the serviece and on'the population served, the delivery
of the output will require a more or‘Zess decentralized delivery system. For
instance the delivery of UL benefits reQuire a very decentralized delivery system.
This may result in significant communication reQuirementé. It follows fﬂat any
forecast of traffic demand should attempt to take into consideration what can be
expected‘with respect to the future geographical distribution of output and the

delivery systems which will be used to do so.

Telephone services are used in combination with other inputs in the
production of public output. 4 priori one would expect telephone services to be
complementary to labour input, tﬁe majoxr input in the production of public output.
Hence human resource could be used as an explanétory variable of traffic demand
on two grounds; first because it may be a good index of public outp9t,-as discussed

above; and also because it is complementary to telephone services.
¥ .

Telephone service can be expected to be a substitute for other means of
communication (mail, telex, courier service, travel). One would therefore expect,
other things being equal, a negative relationship between the demand for telephone

service and the demand for other means of communications. For instance, if the
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mail service keeps deterioriating and. the cost of travel keeps increasing,

public servants.:may have to.rely more on the telephone for communication

needs. On the otler hand, new developments.. such as. video transmission, electronic

mail and the. creation of data banks accessible on-line hationwide, may result

.in‘some,reductibnﬂin‘the‘demand for voice service.

The aemand for teleﬁhoﬁe services can also béAaffected by administrative
factors. The decentraliéation of the Public Service may be an important
consideration in this respect. However, if one accepts the hieraxchial:-
description of the Public Service, it is not clear what the net impact of
decentralization will have on traffic.demand. ‘Figure 1, below, is useful to
analyse the issues 1lnvolved. In this graph each circle represents an administrative
unit. Tﬁe number in each circle represents the place of.the unit in the“organization.
ihe first digit in each circle represents the unit in the hierarchy (verticél
bosiiion) and the second digif represents the horizontal position of the unit. For
instance, unit 32 is the second unit of the third hierarchial level. It is

assumed for simplicity that, for each unit of any hierarchial level, there are

always two reporting units at the next lower level. For instance, units 43 and

44 report to unit 32. The lines between circles represent reporting links
along which communication flows are channelled. TLet us assume further that

there is only one region to be served, say Ontario.

Suppose that before decentralization the dividing line between the
responsibilities of the headquarters (Ottawa) and the regional office (Toronto),?

is along (A). Tt follows that units 11 (senior'ménagement) to 34 are in




- 10.1 -

FIGURE 1

The Impact of Decentralization on

Intercity Traffic with no Increase in Personnel
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Ottawa while units 41 to 48 are located in Toronto, This implies that all
communications between units 11 to 34 are local Ottawa calls while all

communications between the third and fourth level of the hierachy are trunk

calls between Ottawa and Toronto.

Let us assume now that as a result of decentfalization the line -
dividing responsibility between Ottawa and Toronto is moved from (A) to&(B).
The first effect will be a reduction in local calls in Ottawa and an incfease
in local calls in Toronto; The traffic between the third and fourth levels of the
hierarchy which were trunk calls before decentralization are now local Toronto
calls. On the other hand, the calls between the second and third levels which

were local Ottawa calls before decentralization are now trunk calls.{seecFigure 2).
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FIGURE 2

Intercity Traffic with a 5-Fold Increase in Persounnel
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= Given the pyramidal nature 6f the organization which results. from its

. hiferarchical structure, fewer people and féWér'reporting links (4 insteéd of 8)

are involved in:itrunk. calls. after decentralization than hefore decentralization. %
It follows thaty unless. typical communication flows between the second and
third level unitS‘are.significanxly‘higher'(douﬁie in our example) than

communication flows between third and fourth level units, decentralization

should result in a net decline in intercity traffic.

These results can readily be extended to a multi—region situétion
even if decentralization entails a net increasé in persoﬁnel. To show this,
let us consider an extreme case. Suﬁgose that the funcfions of one unit at head-
quarters ére transferred to the regional level in such a way that five units of a
size equal to the original unit are now required (one in each Region). it is
clear from Figure 2 that the total number of intercity reporting links will
remain the same. Hence, unless more traffic takes place at higher echelons,

there should not be a net increase in total intercity traffic even in this extreme

case.

Although the discussions have been based on a rather simplistic
representation of the Public Service administrative structure it points to a very
important conclusion with respect to the impact of decentralization on traffic:
decentralization will not necessarily lead to increased intercity traffic as
is often assumed, it may indeed very well result in a reduction of igtercity

traffic if our representation of the structure of the Public Service is correct,

There are other administrative factors which may affect traffic. The
Treasury Board guidelines on the use of telephones, as well as the introduction of
Traffic Data Analysis (TDA), may result in significant shifts in traffic demand.

The ‘internal pricing policy for telephone services could also have an impact.

.
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If, for instance, a usage sensitive pricing scheme is introduced, traffic demand

- would probably be lower than if telephone services are free to the users or if

a fixed fee structure is used. Changes in administrative procedures of the -

nature described above will probably be reflected in shifts of the traffic

growth curve.

Supﬁly consideratiéns could also have a significant effect on the
traffic demand. A fbad" network could have a negative effect on tréffié}demand
(the discouraged caller effect akin to the discouraged worker effect in
labour economics). On the other hand a '"good quality" network may generate
additional traffic demand as better Qerice may induce substitution of
télephone service for other forms of communication. This is the "stimulation

factor" used in GTA's implementation forecasts.

Finally, major political changes, such as fof instance a redistribution
of power between the federal and provincial'jurisdictions could have a major
impact on traffic. If important responsibilities which are now under federal juris-
diction such as for instance manpower, communication, regional expansion, welfare,
consumer and corporate affalrs, environment were traﬁsférred in part or in total
to the provinces, this would result in a major change in traffic demand. However,

predictions in this respect are hazardous to make, to say the least.
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‘5. A Review; of Previous Modelling Efforts:

Most forecasting activities”carried out for GTA so far have used
tHeJ"Eottom~u§" aﬁﬁroaCEJ In this secfibn we intend to give a brief review
of thHe limited "toﬁ-down“ econometric modelling efforts which has”been made
over tﬁeléégt few years. This review, togeE§§r'with_tﬁe discussion‘of |
concéétual Issues in the freviouS’section will set the scene for our own

proposed approach which will be outlined in Section 6.

Two econometric models will be reviewed here. The first nodel
Is a toll forecasting model which was presented in a March 1973 progress report
prepared by the Economic Policy Planning Division of the Planning Branch.
) (1)

The second model was built aé part of a feasibility study done for GTA.

Let us first examine the March 1973 toll model. -~

The stated objective of the March 1973 toll modelling exercise was
to prepare a medium—~term forecast for toll traffic broken down by four ﬁajor
sectors on a regional basis. The four sectors were the product sector (raw
materials producers, manufacturers, wholesalers, retaileréj fhe service sector
(pefsqnal sérvices, professional services, hotels and restaurants), the
govermment sector (federal, provincial and municipal), and the public sector

public coin telephones. The data used to estimate the models were obtained

from a Special Toll Analysis Sample (STAS) produced by Bell Canada. The sample

provided monthly data on toll traffic over the period April 19671to June 1972
broken down for the four major sectors (product, service, government, coin) by

two origins (Oﬁtario and Quebec) and nine destinations (ontario, Québec, .

(1) Feasihility.of Central Management Guideline for Local Telephone
Expenditures; Economic Policy Division, DOC, March 1976.

n
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Briti:h Columbia,'Alberta; Saskatéhéwaﬁ, Manitoba; New Brunswick, Newfoundland,
Maritimeg). Two tyﬁes éf models:'g£avﬁtyfandiecbnometric; were used in the
analysesi' The gravity models were bﬁilt for analyzing the traffic of the four
sectors described above (ﬁroduct; serVice;'govgrnment and ﬁublié5: It is not >
clear, however; whether GTA tréffic was inqludéd in the government sector.mo_del..~
In addition to these gravity models an econometric médel was built sﬁecifically
for GTA traffic; In what follows;‘we shall first make a short assessment of the

gravity model then turn to the GTA traffic econometric model which is of greater

interest for our purpose.
.'.J’ '~

Two tyﬁes of gravity«modeis:-a'ﬁoéulatidhi‘énd an'emﬁloyment variants,
were used in the analysis. In the ﬁoﬁulétion model the total monthly number of
toll calls between two brovinces was related to the'ﬁoéulation level i;-the
two provinces and the distance between the two brovinces. In the emﬁloyment
model the poﬁulatien variables were reﬁlaced by emﬁloymént variables for the
two provinces. Tﬁe emﬁloyment model was eibected‘to be more sensitive to the

underlying economic conditions.

From a goodness of fit (R squared) point of wview, it appears that
the employment model performs better in most cases with a R squared above..70.

However, no other statistical test 1Is given in the report.

Although not enough information is given in the report to analyze
fully the empirical results obtained from the gravity models, two methodological
comments are in order. First of all, gravity models suffer from well known

limitations. In particular, it is hard to give an interpretation of the }

in which the distance variables remain constant over time as is done here, appears

coefficients obtained. Moreover, to use gravity models for time series analysis
|
\
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unwarranted. In most analyses, the reasoﬁ'why gravity modeis are chosen is to
study the impact of distance on traffic. If distance is not allowed to vary

(as in this case) one may wonder what is the purpose of using a gravity model in
the first place., Another limitation of the anéi&sis results from the nature of
the data-used in the estimation.‘ Only data on traffic originating in Ontario
and Quebec is used, hence only outgoing fraffic is analyzed, and no informaﬁion

- e \

is provided on ingoing traffic.

The report also provides an econometric model for GTA traffic.
There is, however, some confusion wi%h‘respect to the data used. On the omne
hand, the nﬁmber of calls st;tistics given on pages 6 and 4 and reproduced on
page 29 suggest that only GTA traffic originating in other provinces is “also

considered. Moreover, the source of the GTA traffic data is not clear, whether

obtained as part of Bell STAS toll sample, or from some other source.

The estimated equétions of the GTA econometric model .are given on page

30 of the report, which has beén reproduced in Appendix I. Four equations are

estimated for traffic originating in Ottawa, Montreal, Torontq, and Quebec expressed
in CCS. The explanatory variables used included lagged unemployment rates,

cheques cleared, and government expenditures.' No explanation is given why these
variables were used, Over-—all, the statistical fit is very gooa with R squared
rénging between .88 and .94. Moreover, th Durbin Watson statistidé%show no

sign of auto-correlation and the-coefficients of the explanatory variables are.x’
significant. ‘The results aré, nevertheless, somewhat puzzling. TFor instance,

why is traffic positively related to both unemployment and cheques cleare@?

These two variables are probably negatively correlated yet positive coefficients
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are obtained for both variables. The lagged structure used for the unemployment
rate is probably the reason for this surprising result. But the interpretation
which can be g%yén to the equations is not obvious. Mbréover, the estimated
equations for f;ronto suggest that the gains iﬂﬁggodness of fit obtained by
using the unemployment rate as a separate explanatory variable in addition to
cheques clearéd may be rathef marginal.' Finally, the gstimated traffic appears
to behave more erratically than the actual traffic, as can be seen on page 33,

This is certainly not a very good feature for forecasting. From this point of

view, a simple trend curve could have probably done a better job.

£

In the March, 1976  study, (AppendiX>II) pertaining to local telephone
expenditures of federal government departments, while not directly related to
toll, ‘our main area of interest, is, nevertheless, of interest from a methodological

point of wview.

The main objective of the study was:

"To examine the feasibility of developing cost effectiveness
directions and guidelines by a central management authority
to assist departments/agencies to acquire and utilize
efficiently local telecommunications services'.

For this purpose, a model relating local telephone costs to various
explanatory factors was built. Among all the factors considered, four variables
were selected as providing the best explanation of the observed variation in

local telephone cost per employee across departments. These variables were as

‘follows:

1) number of employees;

2) the proportion of professional empioyees;
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3) operational expenditures_on‘plant and facilities
(a proxy for floor space);

4) the degree of budgetary cgontrol over- telephone
-expenditures,

The equation wae estimated from crosszsection data
on the telephone expenditures of 27 departments which -
were obtained from a survey conducted by GTA in May 1974,
This data enly\pertéins to 1ecal telephpne expenditures in the National
Capital Region. The result ofathe estimation is reproduced
in Appendix II. The statistical fit (R squared) is surprisingly
good (.71) for cross—section data, but no information ie given
on the stetistical significance of the coefficienes. Two
interesting results which may extend to toll traffic stem from
the analysis. First of all;total local telephone expenditures
per employee appear to be negatively related to the total. |
number of employees (a 10% increase in the number of employees
results in an increase of only 7% in telephone expenditures).
Another interesting result is the positive relationship
between telephone expenditures and the proportion of professional
employees (a 10% increase in this proportionresults roughly in

a 4% increase in telephone expenditures).

This completes our review of the rather limited
efforts which have been devoted in the past to the econometric
modelling of GTA traffic. In the following section we shall
present our own approach which will build mainly on the results
of this section and on the discussion of conceptual ?ssues in

Section 4 above.
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6. A Prébosed Approach

On the basis of the discussion of conceptual issues;and the review
of previous work’made in the last two sections, we are now in a position
to propose aﬁﬁossible approach to the modell;§§ and traffic forecasting
exercise. In what follows recommendations will be ﬁade with respect to
the definition to be adopted for traffig,;the explanatory variables to be

used in the estimation procedure,and to the data required in the analyses.

Let us first turn to traffic definition.

It was pointéd out in Section 4 tﬁat traffic has four major
dimensions: number of messages, du;;tion of messages, direction of traffic
flow,and geographical distance covered. It was also shown in that section
that all four dimensions can have a bearing on network configuration and
network cost. It is,therefore,essential that they all be considered in

the analyses, even if only in the form of explicit assumptions.

As mentioned earlier the traffic data available to us is in
ABHCCS for each major link of the network. Under certain assumptions,
(notably with respect to average call duration), ABHCCS can be translated
into total messages. Several alternative definitions éf traffic could
be tried. The simplest and crudest way of measuring traffic would be to
use CCS data directly. Another total traffic index could be built by
making assumptions with respect to average call duration and by
multiplying total calls by average duration and distance. Such an

approach haé been proposed by Dobell.

The direction of traffic could be taken into account in several

possible ways. TFirst of all, one could make separate estimations for
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each major link. This is feasible and.could provide valuable insights
on the evolution of trafffc overtime since, as a rough approximation,

the 10-15 major .links account for about 407 of total traffic. Another

approach would be to break traffic so as to reflect the hierarchical

structure of the Public Service. Three kinds ‘of traffic would be con-

sidered, that between'headquarférs and regional offices (Level 1 traffic),

that between regional offices and district offices'CLevel 2 traffic), and

other traffic. Level 1 and Level 2 traffic could be either estimated'éh the -

aggregate level or broken down by region. This approach, if feasible,

could be very useful’ to analyze the impact of decentralization on traffic,

ant to test our hypotheses of Section 4 in this respect. One must be

aware, however, that the data available only provide traffic information

between geographical locations. The functional nature of the call is,

" - therefore, not clear. For instance, it is not known if a call made from

Ottawa to Toronto will terminate on-net or off-net and;‘even if it
terminates on-net, whether its destination ﬁill be the regional office

or any. other agency on.the government network. The seriousness of this
problem could probably be tested with TDA data. However; we have not been
able so for to ascertaiﬁ fully what use can be made of these data; Let us -

now turn to the functional relationship to be examined.

As a first cut at the broblem; trend analysis is érobab;y the
best and simﬁlest aﬁﬁroachJ Based on thendefinitions described aﬁove,
various trend fuhctions reflecting alternative assumptions with resﬁect
fo growth over time could be tried to obtain a ﬁreliminary range of traffic
forecast estimates. Thesé results could be used for preliminary

cross—check of GTA's own forecast.
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The second proposed step is to introduce various explanatory
variablesin the estimation,in light of the discussion of Sections 4
and 5. If one can assume, as we have done in Section 4, that the demand
for voice tr;%fic is a derived demand from thgeﬁemand for public.services,

then the introduction of three kindsof variables can be explored and

substitute input variables:

As was pointed out in Section 4, public output cannot be
measured directlyAin mést cases,and the use of proxy variables is
required. One such proxy, human resourcé,ié also expected to be a
complementary input to telephone sé;vices. Such data are available
quarterly from Statistics Canada (SC72—604) on the number and regular
earnings of federal government employees by occupational category,
by p;ovince, by function and by department. Moreover, similar data are
available by metropolitan areas on an annual basis. Several estimations
could be made using total number of employees. and.total earnings or by
building an index which would take into account the occupational
distributions of the public servants. In this respect, it is worth
keeping in mind the result of the March 1976 . study (Appéndix 2)
which suggeststhat local telephone expenditures increase at a slower
rate than the total number of employees, but are positively related to the

proportion of professional employees. These results may very well: extend

to toll traffic.

It is also interésting to note that federal govermment employment
forecasts have been made by DPW and GTA. The GTA forecasts were produced
in 1975 for the automated notice system of the PSC. They provide future

annual employment estimates by regions.and by metrepolitan areas up to 1985.

-
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We understand.that DPW has also produced employment forecasts. using
Delphi techniques. However, the current status of these forecasts is not

clear at this time.’

-

-

Another possible proxy for public cutput is the level of

~ government expenditures. Such data are available from Statistics Canada

~

on a regulai'basis by deéértment as well as by function. The functional
brealcdown abbeats barticularly interesting since it would enable us to
explore whether teleﬁhone usage is more sensitive to some government funcéions
than others (i.e. we could test if‘bublic oﬁtput is homogeneous with respect
to telephone usage ot whether someﬁgoverﬂmént activities are more '"communi-
cation intensive" than others). Finally, expenditures on other forms of
communication, (such as mail) and transéortation, could be used to asgértain
the degree of substitutability between various means of communiéation. The
proper specification of such relationshiés would require careful examination.
A cost function or a production function apﬁroach may be useful in this

re : T

respect, although one must be aware that the basic assumption of cost

minimization may not hold in a public environment.

The impact of decentralization could be taken into consideration
by relating changes in traffic patterns to changes in the geographical
and occupational distribution of public servants. Another usefullvariablg
in this reséect would be the level of public investment in each ggjor
metropolitap area. Such investment can be exéected to act as a leading
indicator to traffic flow changes (i.e. heavy bublic investment in one

particular metropolitan area in a particular year is probably reflected

in increased in and out traffic in the following years). Useful information

on current and past decentralization experiences and future decentralization

plans can probably be obtained from DPW, the PSC, or TBS.




- 23 -

In conclusion it is apparent that a considerable amount of
effort is required at the data collection and model estimation stage
before a satisfactory model can be built. The work is mostly exploratory
and in our oéinion a considerable amount of time and resources will be
required over the next few months before useful results can be obtained.
In the shorﬁ run, one shoﬁid probably have to contend with trend
forecasts. Preliminary results available so far are rather
encouraging® and suggest that simple functional forms which track past inter-—
city traffic dafa rather well ‘can be fouﬁd. These results will be
presented shortly in our first inﬁg;im report. As more data becomes
available in machine readable form over the next few weeks, more
sophisticated trend analyses will become feasible. At the same time, ™
prgliminary attempts will be made to establish causal relationships
between traffic and somé of the.exPlanatory variables suggested above.

It is highly unlikely, however, that this work will be completed by
the end of March in light of the problems involved in the coiiection of
data in machine readable form and of the large amount of experimentation

which will be required before satisfactory relationships can be

established.
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Econometric Model for GTA Toll Traffic

EPPB (March 1973)




CQUEBEC ces = -27B3.9 + 408 UNQy + 22,06 PGV,
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OTTAM ccs = =23L,762,1+ 584.3 BC,_g + 21,6517 n CHC,
- Q23 (B4

H=16 RE=.9% DM =219

MWTREAL ccs = -2716.9 + 64,5 Ul_g + 3703.6 6EC,
| e 2.0
N=13 K= . DM =214

TORONTO ccs = ~19,878.5 + 2033.9 wn CHT,
| L
N=T3 R=.2 DM =23

GD O
N=13 R=.8 DM =17

WHERE {
.Ai " UNC = Unemployment rate, Canada
CHC. ; Cheques cleared, Canada $
. HQ = Unemplodmert rate, Quebec -
GEC = Total C&nadzan governnent eméendztures per labour fbrce pﬂrvlCIpaT
CAT = Cheques cleared, Toronto §

PGOV = Ihdex of real domestic product in governrent
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APPENDIX 2

Econometric Model of Local Telephone Expenditures

EPSB (March 1976)




3. Application of the Model and Results

The relationship between the four explanatory variables and the
brimary dépendent variable, total local telephone expenditures per : s
employee, was identified in econometric terms as follows: s

In (LC/E) = 3.13 = .30299 ln E + .38669 in(P/E)

+ .17176 1n (B/E) ~ .193C S R2= .71

where, in -the case of each department

v

LC = total local telephone expenditures
E = total employees in the NCR
P = total professional employees

B = operational expenditures on.plant and
facilities _
C = wvariable to account for degree of departmental

control over local telephone expendltures

Examining the plus: and minus signs in. the equation suggests the -

nature -of the relationship hetween the explanatory: variables and total
telephone .costs per employee as follows:

i) The negative relationship between total emp]oyees (E)
and total Tocal telephone costs per employee® (LC/E)
suggests that as departments grow larger there is not

"a proportionate increase in their expenditures on local
telephone services.

ii) The oswtive relationship between the explanatory variable
P/Eg and the dependent factor indicates that the te]ephone i
requ1rements for professional emp]oyees tends to raise the
average cost per empioyee

i11) The positive relationship between operational expend1tures
on plant and facilities (B/E) (e.g., a good proxy for amount
of-.floor space occupied) and local telephone costs per
employee 1ndicates a greater need for telephone facilities.

iv) The negative sign in the case of the last variable (C)
which accounts for the type of departmental control over
local telephone expenditures points to a decrease in cost
per employee, given explicit branch or divisional control
of the telephone budget.
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Application of this equation yielded the estimated cost of -
Tocal telephone service per employee as seen in Table 5. These estimated

" figures for each department represent the amount per employee each

department would be expected to.spénd on the basis of the model. The
residual cost in Column 3 represents the difference between the estimated
cost per employee and the actual cost as presented earlier in the paper.
Using this approach one observes in Table 5 how much each department:

either exceeded or fell below the expected cost performance.

Exactly the same procedure was followed for each of the secondary
equations (see Appendix E for their specification) in which the dependent

_ variable was costs of main lines and extensions per employee, costs of

auxiliary equipment per employee and costs of intercoms per employee res-
pectively. The comparison of expected costs per employee with actual costs
for each department for these three components are presented in Tables-

6, 7 and 8. Once again the degree to which each department's expenditures

- either exceeded 6rrfell below the expected level is clearly indicated in

Column 3, in absolute dollar terms, and in Column 4, in percentage terms.

Y
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Table S - Estlmated Total Local Telecommunications Expenditures

s "Per Employee - National Capltal Region, May 1974

1 2 3 3+ 1
N ) ACTUAL ESTIMATED RESIDUAL RESIDUAL
DEPARTMENT - COST | COST COST
$ $ $ Z
"1  Regional Econemic Expansion 40.30 -23.09 S17.21 42.7
2 Urban Affairs . 32.61 30.70 1.91 5.9
3 Privy Council 27.43 "16.30 - 11.13 40.6
4 Science & Technology 25.45 37.30 -11.85 46.6
5  Environment 17.37 11.44 5.93 34.1
6 COMMUNICATIONS 17.33 16.91 .42 2.4
7 National  Defence 16.27 11.01 5.26 32.3
8 Industry Trade & Commerce 15.70 12.57 3.13 19.9
9 . Finance 15.50 21.50 - 6.00 - 38.7
10 Justice- 15.13 14.94 .19 1.3
11 Manpower & Immigration 14.82 . 14.30 52 3.5
12 TLabour ' 14.64 . 14.49 .15 1.0
13 External Affalrs 13.89 12,62 + 1,27 9.1
14 National Health & Welfare 12.09 9.44 2.65° 21.9
15 Consumer & Corporate Affairs 12.04 12.64 - .60 5.0
16 Transport 11.88 9.79 2.09 17.6
17 Secretary of State 11.09 14.24 - 3.15 28.4
18 Energy, Mines & Resources 10.69 10.47 .22 =2.,1
19 Indian Affairs & Northern
Development 9.71 13.34 - 3.63 37.4
20 Public Works . 9.40 10.34 - .94 10.0
21 Treasury Board 9.38 12.93 - 3.55 37.9
22 Supply & Services 8.73 8.36 .37 4.2
23 National Revenue 8.22 10.49 ~-2.27 27.6
24 Veterans Affairs 6.62 10.23 - = 3.61 54.5
25 Solicitor General 6.56 7.94 - 1.38 21.0
26 Agriculture 6.51 8,00 -™.49 22.9
27 Post Office 4.92 - 5.00 - .08 1.6
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