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.CHAPTER. I

Introduction:

This repor£ assesses the'feasibility of conducting a
macroeéonomip analysis of the impact of new infdrmation £ecﬁﬁologies.
It was aléo*intenaed ﬁo ihélude the role of alternaﬁive QOvernmenFl
policies in affecting the gggg-of diffﬁsiénfand~im§lgﬁentatibn of
the'newvtechnologies. The work on this cohtractvwasxfundedquintiy

Al

by the Cable”Telechmunications‘Research.InStitute and the Department

‘of Communications, and may be split into two parts. The first

phase of the study includes a,review.of'the relevant literature in

the area, and lengthy discussions and interviews with experts, in

the various technologies, included under the umbrella of "new

informqtion"techndlogies". . The secend bhase‘draws on the findings

of the first -~ to the extent that this is possible - and examines

four likely scenarios of technological change in specific sectors.

One of these scenarios is used in a-demonstfatién impact simulation
with TIM (The Informetrica ModelL a disaggregated econcmetric model

of the Canadian economy.

The Role of a.Macroeconoﬁic Analysis

Why 1s a macroeconomic impact analysis desirable, and what
insights will it provide, in addition to the existing analyses and -
views of the experts? Most of the work in this area has (of necessity?) -

focussed on qualitative assessments of the impact of specific new

technologies. With limited information, attempts at quantitative‘

sizings Of the impacts have been carried out in a partial-equilibrium
. ‘ ‘ . _

framework. The most common approach has been to extrapolate the

Eﬂﬁ@?m&il‘ifﬁ ¢ Ottawa, Canada  Eifective Econamic Research ‘
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experience of a single industry, arriving at a "net" impact, which

more often than not implies a socially unacceptable level of -
unemplOyment;‘

| In terms-of the diagram, on the fellowing page, most
analyéis does not cross the dotted line and remains ih’Phase One.
The ultimate impact of a techhoiogy is viewed ag‘the disélacement
of workers, who in this.partiél frame@ork constitﬁté'a'grdwing
stream of new entrants to the péol of uneﬁtployéd-.~ |

'1In any investmént/appraisal a'firm must be satisfiéd
‘that the'investmené will éenerate some (minimum) accepﬁable £ate
‘of return, or the investment is not made. In the realm of new
téchnologies, the additional productivity-gains or costfsavings
which technoldg§ permits, imﬁly a much higher rate éf return,ﬁo

_the-investor.' What a firm does with the increment to its normal

return, or what it does with,the "rent" is crucial to any interhally—

consistent impact analysis. This 1is, in part, the focus of Phase
Two.

The diagram is not exhaustive and there are any number

of possible destinations or combinations of destinations for this so-

called "rent". =~ Suppose, for example, that prior to investing
in a new technology, (as embodied in an industrial robot), total

production costs were $1.00 per unit. With the new technology,

total production costs for the same level of output are now $0.90 per-

unit. Where does the $0.10 per unit go? The entrepreneur may
be restricted in his choice of "destinations" by market forces.
In a purely dEhpetitive market, where all firms adopt the sarie

LIMITED
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technology and there are no barriers tQ'entry, the $0.10 would
go directly to the'conssmer‘thrOugh.lower price;"But in a mixed
econbmy, the entreéreneur, more rea;istically,fhas_seyeral optionsg
epen to him.  And the selectisn of any‘single option or coﬁbihation:
will result in increased demands somewhere in the economy. In
the same way, a new suéply industry will place demands od the
'economy for goeds and services, and the adoption of a productiVity
process which dramatlcally alters the materlals input mix Wlll t
shift the existing pattern of demands
The net lmpact of these events'will be. to daméen.the initiai
level of unemployment which resulted from the new technology. For
exampie, some or'perhaos all of'the werkersvinitially displaced wili
be reeemplOYed, or somie - ocner group Or unemp1oyed will find jobs.
'The'new demands for mployment and the associated ‘multiplier efrects
'will serve to mitigate the initial "undeslrable? results. - In,thls
-way, a>macroeconomiC'(or a general eqdilibriuﬁ) approach provides
~a balanced and consistent framework for'a more:realistic appraisal>
of the'impact‘of‘new techﬁologieSn
 The restsof this document considers: (i) the information
reguirements for a macroeconomic‘impact study; (ii) alteraatlve
scenarlos of the lmplementatlon of new technologles in specific
sectors; in a longer term framework, 1980—1990-.(iii) the metnodology

to assess these (or like) scenarios using the macroeconomic model

TIM (The Informetrica Model); (iv) a demonstration impact simulation
of one of these scenarios; and (v) an outline of the information
gaps which would have to be filled, in order to undertake a realistic

macroeconomic impact study of new information technologies.

Eniﬂrmeirma Ottawa, Canada » Effactive Economlc Research

CIMITEDQ




CHAPTER 2

'Findings of the Literature Review and Interviews with Experts

The literature review and interviews were undertaken to
determine those technologies which wouldAhave“thelszt‘significantf

economic impact over the next ten years.. It wa$<félt that these

two sources would provide a basis for the information requirements

of an impact stu@y - the literature through eQidence'of manr
concérns in this area and examples of,Current'applicationsﬁof
technologies; and the‘interviews through the experts‘lknowledge
of the téchnologyjand its useé,and,impacts. |

For the most.part, the literature is directed to gqualitative

" analysis and discussion-of wide-ranging technological changes.

Usually specific case studies are cited, but thé»apalysis is typically

partial and often one-sided, focussing on' who will pay the price

for the technology (i.e. who will be immediately displaced) but not

on any benefits which may accrue from adopting the technology.

The Literature on New Information Technologies

The literature on the new era of technological change

. is vast, and even by resﬁridtinq a survey to thosefstudies'produced

within the past year, there is no lack of discussion. As many of

. 1/ . .
the major works have been very well reviewed elsewhere™ , this section

1/

=~/ 7eman, Zavis P., "The Impacts of Computer/Communications on
Employment in Canada; An Overview of Current OECD Debates".

LIMITED
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will briefly outline the trends in two areas: (a) work in the

Canadian context, and (b) other studies, particularly in the U.S.
and the U.K. This review was undertaken with a view to determining
what are the major issues and what information could be. obtained

for use in a macro analysis.

Dealing with the two areas in reverse order, discussions .

in the U.K. focus on direct‘employment impacts in pafticular,
although bther social and economic implicaﬁions of the new techno-
lpéies are not ignored. Héwever, in terms qf the "adaptability"

of ﬁhesevdiscussions to a macro environmént, thére existé,a'laréé

1/

histories as examplas~

ot

gap. Most of the studies use case to suppor

their analysis, but none have been
- level of analysis mentioned in the

the micro level the case histories

quantitative substantiation of the

occurred. - For example, in the few where the direct cost
o o C o 2/ ' : ' .
savings to a firm 1is cited~ there 1s no subsequent statement along

the line "this permitted the firm to: increase profits; maintain

its product price, etc.".

‘These comments should not be interpreted as attacks on’
the existing literature, which provides crucial insights into many
of the broad social and economic considerations, but rather as a

more general comment on the focus of "debates" in this area to date.

1/

Barron,
181 ££

e.qg.
page

2/

— O
e

g. Fortune, December 17, 1979

naturea of

Iann and Roy Curnow "The Future with Microelectronics

able to get beyond the "Phase One"

introduction above. Even at

Iy

are often anecdotal, with litctle
the change which

instances

"Those Smart Young Robots on the

Production Line" (page 90-96).

ini@rmeirica ¢ Qttawa, Canada « cffective
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_As will be demonstrated below, in most instances very little

quantitative information is available which would permit a detailed

macro analysis at this time. In fact, the micro studies which

would be the source for much of this detail are only now~being
undertaken.

)

Turning to the Cénadian iiterature, théré is no laqk:'
of discussion, but agaih the topi¢s range ffom very35road poliéy"
issues to the attributes of a.particular téchnologfb' The several
publicaéﬁdns.by the Economics Bfanch at the Department of
Communicationsi/ provide a valuable 6verviéw.to thefQOEEnﬁial impact
of these information technologies on émploymént; capitél and output

trends in Canada. In the same.vein, work has been done in the

Canadian context to examine production functions separating "infor-

. o . o ‘ 2
mation labour" and "non-information labour” components—/.

o

- c s s 3 . e -
The work of Peltchlnls~/ at the University of Calgary has

a

provided very important observations on the perception of direct
job destruction and job creation as the result of technological

change. His study focusses on changes in- educational and skill

1 ' , . . e . - . :
—/e.g, Andrieu, Michel and Shirley Serafini "Impacts of.Electronics
and Telecommunications on Production Process in Canadian '

hY

Manufacturing".

Serafini, S., M. Andrieu and M. Estabrooks "Post-Industrial
Canada and the New Information Technology".

2/ ‘ » - - N
— Warskett, George "The Role of Information Activities in Total
Canadian Manufacturing: Separability and Substitutability".

»

3/ : ""‘ 1 | g . . |
— Peltchinis, Stephen G. "The Effect of Technological Changes on

Educational and Skill Requirements of Industry".

LiMytTeo

) -
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requirements and his findinés tend to'confirmfthe notioh that
the%e_héve not'been massi?e,changeé and dislocétions resulting
£rom téchnoloéical‘change,but.that shifts in future- years might
be more significaﬁt. One important comment} made byAPeitchinis,
and Qery relevant to the inférmation requirements Qfﬂé mECro
aﬁalysis is that "evidence of. the extent to whiéh'the-adoption of
new process ﬁechnélogy is taken for gfanted iS'ﬁhe.apparent failuré
"to,evaluate its manpower andzbther effects after.adoption:has

1/

taken place "~ .

| S 2 .
The overview of the OECD debate by Zeman~/ provides a

very concise picture of the varied conclusions concerning employment

- impacts of new technologies. From his review of the literature

Zeman has concluded that "On the key question of the net job balance

effect for the whole economy resulting from the new technologies,
‘ , g

23/

there exists 'mo consensus in the literature"=~ . While his specific

conclﬁsions have béen supported by the findings df this study, one
comment.is worth .repeating here: ."In contrast to the great -

sophistication and va;iety’of,théofetical propositions concerning
techndlogicél.unemployment, the available empirical evidence is too
weak to help the critical analyst to orient“himéelf; The reVigwer

of the current literature cannot but be struck by the relatively

é/ibid. page 7.
3/Zemanvop.cit. )
3/

= Zeman op. ¢it. page 43.

LI MITED




poor factual base on which the present debates are conducted"l/

Other studles of note in Canada tend to focus on

2/

-particular technologles (EFTS‘ CAD/CAM or narrower research

3/

areas; For example, a. serles of artlcles bv J. Crean~ disouss
electronic funds transfer<and automation ofAbanklng.ln Canada,
Jack Scrlmgeour 4/ has covered many aspects of CAD/CAM in a wide

range of articles on that topic.. The "Office of-the:Future" was.
 ‘discussed by Robert Russelé/y and M.AMcLeané/'has focussed on the .
iapplication_of mioroelectronics. Other broader‘analyses include. .

7/

that of R & D and communications—’ , and the use of national accounts

5/

and input-output techniques to analyze'technological impacts—

Y ipvia. ‘page'3l?32"" '“f S

:E/EFTS. Electronic Funds Transfer Svs tem.~ AD/CAM' domputere-l'”
aided . desrgn/comouter aided manuracturlng '

3/

~ Crean, J. F. in the Canadian Banker and ICB Review various issues.

Ay . : : :
-4/Scrimgeour,'J. "CAD/CAM and its Impact on~the Manufacturlng
Industry" and other artlcles

2/Russel; Robert A. "The Electronic Briefease,’The-Office of the
Future". : : i S N

&/

McLean, J-. Mlchael "The Impact of the Mlcroelectronlcs Industry
on the Structure of the Canadian Economy".

7/

WlllS, Russel "Research, Development and Communlcatlon in the
Canadian Economy".

8/

Jouandet-Bernadat, Roland "Macroeconomie de la Societe Informatisee".

iniarmeimca » Ottawa, Canada  Effective ECOI‘IO-"HIC Researcﬁ ,

LIMITED



~10=-

Each author has contributed to his particular field but
none has been able to approach the issues from the macroeconomic
viewpoint. Part of this deficiency relates to the scarcity of

information, and part to use of partial analysis.

Interviews with Experts.,'

As it was initiélly thought that the experts in the differen

'{echnologies wduld be able ﬁo prévide information_on which to base
éh impact ‘study, each person was asked the éet of questions below. .
Theireséonsés,are outlined in this section, but in general'terms
these expérts'were unable‘té answér the questions‘becauée: (a) their
‘ﬁeChnoloéy’had ngﬁ_ﬁegn implemented or had not been tested in market
. trials; (b) the teéhnoldgy,was»currently in use, but data.were not
favaiiable;,or_(c) the technology-wés iﬁ use, and its impactlhéd
Abeeh analysédf but the anaiYsié~did not address~theée-specific

qdestions. If the impact of a particular Eechnoldgy had been

consideréd in the context of the overall economy, the analysis was
usually inconsistent' and the resulting "macro" impact was the result .
of the amalgamation‘of sevéral partial views of ﬁhe economy . .

| Since the time frame,y for ‘the analysis is a ten-year period, '
it was necessary to idenfify those technologies which‘were~likely_
to have a significant macro impaét during that time, and those l

technologies which would not. With so little precise information

available, how was this selection made? Those technologies which

ically included in the group of'technologies which would have an

LIMITED .

currently enjoyed fairly widespe'ad use and -acceptance were automat- '
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j QUESTIONS FOR THE TECHNOLOGY EXPERTS.

1.

MAICH (YOUR) TECHNOLOGY WITH RELEVANT SER/SUPPLLER 

. INDUSTRIES.,

HHEN (IN HOH MANY YEARS) WILL 1MPLEMEN1A|ION

-lECHNOLOGY OCCUR?

f-'INTRODUCIION7
-- DIFFUSION?

!HAT MAJOR chNecs WILL OCCUR IN THE MATERIALS INPUT MIX?

WHAT WILL BE THE IMPACT ON'EMPLOYMENf?‘

0oF.

WHAT ARE.THE INCENTIVES TQ INDUSTRY TO ADOP“ THE

TcCHNOLOGY7 . : .
LAAT COULD: CAUSE |HEM T0 POSTDONE lNVcSTINGO

NHAT ARE THE SUPDLYIVC INDUS|R1E87
WHE ERE ARE THEY LOCATED? ‘

WHAT INCENTIVES/DISINCENTIVES WOULD CAUSE SU
INDUSTRIES TO LOCATE [N CANADA/BROAD?

TECHNOLOGIES [N INDUSTRIES WHICH ARE IMPORTA
IN CANADA? R '

N

WHEQG WOULD CANADA HAVC A COMOARA|IVc ADVANT

‘ JISADVANTACE IN uSlABL[SHLNG A DO4ESILC SuP

INDUSTRY?

PPRLY

NT

AGe/
PLY ING

CHHAT wiLL BE_THE MAGNITUDE OF INVESTMENT REQUIRED 3Y
AN INDUSTRY TO' ACQUIRE THE TECHNOLOGY?

NEW

HHERC ARE OTHER COUNTRIES IN TERMS OF ADOPTING NEI



Eni@rmeirica » Ottawa, Canada » rrfecuve r.f‘onomlc Researcn

-12-

impact.. Such things as CAD/CAM7-process'control, new bus1ness
"services, and PAY—TV'Fell into-this categoryv The second group -
i.e. those technologles whlch w111 be lntroduced w1th1n the ten~year
period, but. Wthh w111 not have a s1gn1f1cant 'lmpact ~ includes
new EEEE services'such as videotex,'and related”services-such as
home—shopoing which wouid also include advancediapplications-of
electronic funds transfer. These groupings.are shown in the table
‘below; The.list is not_exhaustive, bnt'is'illustrativevof majOr
ftechnologies" orTtheir'applications;.which ﬁight be handled in
a macro3framewotk. | | | |
There’was a very large gap between the inforﬁation Which
many of the expertsdthought'Was’of "should be" available and what
actualiy,exists. One,difficulty'in obtaining' theltequdred informa-
‘tion is that it has perhaps:not:been'consolidated»ffom thejvarious'
areas;of‘the.firm.‘_Eor,example} one individual'Would not have
all the”pieces of data, but dependlng on his role in the appraisal
‘of the investment decls1on, or the actual lnstallatlon and use
of the technology, or in examining'cotporate'performance,‘he may -
have an answer to one or two questlons. -Another difficulty 1is the
sens1t1v1ty oF much - of thlS lnformatlon, in unionized and.non—union
firms allﬁe. Management mlght'not be w1111ng to prov1de estlmates
which impiy a'reduction'in all or part of the firm's labourqﬁorce;
Anwadditional reason for lack of specific'information
'1s that certain "technologies" will regulre coordlnatlon among
users and suppllers and dec1s10ns on regulatory lssues (ln particular -

the questlon of carriers) before a'clear plcture of the,new system

LIMITED
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CLASSIFICATION OF TECHNOLOGIES

CAD/CAM
Process CoNTROL
ELECcTRONIC FUnDS TRANSFER SYSTEM

BUSINESS_SERYICES (ORD PROCESSORS, cQMPLEx.wdRK STATIONS)

"CLosen-User GROUP” USE OF Y IDEOTEX AND RELATED

" INFORMATION SYSTEMS”

MICROPROCESSORS (EMBODIED IN CONSUMER DURABLES -

[MPLICATION FOR. SERVICING REQUIREMENTS

[MPACT ON PRODUCTION, E1‘4PLO‘|’MENT, NO. OF

ELECTRONIC MAIL

PAY-TY

Vipeo CasseTtes/Discs

MICROCOMPUTERS FOR PERSONAL AND BUSINESS USE

New Home Services (especialiy YiDEOTEX)

AND
PARTS)
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' can emerge. An example of this is a fully automated national
electronie funds transfer system. Issues of compatability of the
systems of individual chartered banks must be dealt with as well

as the dedication"of:lines for communication, and selection of

mode of operatlons at the retail level. With so many major issues

unsolved a cleazxr plcture of that level of full automatlon of funds

transfer does not exlst. (It is possible to depict a much leer‘
leveivof autbmetion, hdweVer, such as full automation of Sertices
within eaeh chartered_bank,or financial institution.f Simiiarvand
perhapslmore'serious.difficulties exist for certain new home services,

such asvvideetex. Without sophisticated market trials fox this

. servige, it.is'hot-possible'to'make even "infetmed gquSes" of the
qdantitati&efpafametets of this technology;" | .
A thitd~reason'for lack of precise information on a
technology is that "productivity” is not wellrdefined, particulatly
fox office functions. Where introduction of a new technology may
redefine the.structure'and role of a "uﬁit" such as the‘offiee,
consistent measures of change orx lmpact are dlfflcult However,
desplte this dlfflculty, it is crucial to make some attempt to
unravel the lssues and analjse them in a ConSlSteDt rramewor&
The remalnder of th;s section brleflv IEPOILS the-comments
of the experts'on.their particulax technology;' (A list of the:people

interviewed is. found in Appendix B.)

g”‘iiﬁl‘mﬁi!’l@-ﬁ ° Ottawa, Canada e Effective Economic Research
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CAD/CAM and Process Control

' CAD/CAM (computer -aided deSign/computer aided manufactuiing)'
includes product design and analys13,"customer order handling,
production, material and inventory control automated production
(use of numerical control of'tools, industrial robots) and automated
material handling,,among others. CAD/CAM may be di ferentiated from
process control to the extent that sensor based inputs are the major
source of  information for process control, while»"humanﬂ inputs are’

the major source for CAD/CAM. Process control has probably peaked’

+ in terms of the rate of implementation by firms, and also has much

more modest economic impacts in terms of labour requirements than

- CAD/CAM.

) While several Canadian industries alreadv make use of
CAD/CAM processes, the timing of the implementation of a new technology~

is likely to be a function of the "technological distance from the

source".' That is, large firms with their own R & D group, or with .

strong links to the source of R & D developments will implement

‘new technologies more rapidly than smaller firms who rely on suppliers

or other indirect sources of>information for_new technologies.
CAD/CAM applications will'also'differ“dependinglon whether

the process is being-inoorporated in an existingiplantlor as part

of a system for an entirely new plant. These systems-typically

involve a high degree of user input. For example, the programming

of an industrial robot will be very user—oriented. " In terms of

 impact on employment, as CAD/CAM is used to process. a small amount

Enﬁormeirzca + Ottawa, Canada + £ff ec*xve Economc Pesearcn
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of complex‘information,’it will not have as sighificant an «mpact
as tebhnolbgies which'proéeéé largé volumes of simple informafion;
The developmental phase of CAD/CAM systems a1so roqulres a high
proportlon of very sxllled people. _ A
” "CAD/CAM systems will not cause shifts in_the matérials
input ﬁix of a prodﬁction process, but rathér impact the mechanical
aspectS»of production. Until industrial foboté.arevdeveldped on
égwidé scale-with pattern—reéognition and téctile'abilities} there
is a.definite upper limit to the zole of inngtrial robots.
Thé érice'of CAD/CAM/sysﬁems ié unlikély Eo decline in
reallterms>aé a larqe portibﬁ of thée system is the labourfintensive,
Auser dms1drec'cbmponent} ahd as well no major-technologic%i.Ereakf

‘*throughs which would afféct CAD/CAM sesm eminent.

Electronic Funds Transfer ‘System

;The'technology ékists for a fully ;utoﬁaﬁed nétional
élect:onic funds transfer{s?stem, and the automation.of intefnal
functions, by chartered banks and £inancial institdtions,is the

 first major step_inAthis:dirégtion. - However, as ﬁhe banks and
-finanéialAinst;tutibns:are'at-differént»stages of implementation
of their sysfems, ahd use dif ferent ﬁtechnologies", all would havél
to invest in ensuring cdmpatabillﬁj'Of their system with all others
before a national system can be a reality.

EFTS invtﬁe market nlace (i.e. at the retail levél) is

also progressing along its own route. Credit checking facilities

i~h

incorporated in POS (point-o

f

-sale) terminals and the introduction
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of a machine which would link the retail outlet with the central
information office of bank card companies are also moves to

facilitate a fully automated system

These current developments w1ll have already resulted

~in some impact on employment requlrements, both current and

forecast, within chartared banks in particular. It might be

. possible to consider the impact of automation by all banks and .

financial institutions of their internal functions, as this has

a high probability of occurring within the next ten years. A
"fully- automated" system is less likely, or at least one which
will have .a major impact, as there are still many issues to be -

resolved before such a system could be operational..

New Business/Office Services

Q-

Particularly in~office services, rising wages are seen

as the main incentive  to’ anescnent in new office eqﬁipment. The
view is that employment will be severely impacted by new techhology..
The automation of cleriCal'functions andpthe'improvediprodcctimity
provided by word processors or complex work stations will loWer
employment growth in the office, but will also lead to a different
mix of skills; | |

As the software component of the‘equlpment becomes more

ems' Wlll rise or at

cr

ice 'sys

h
Fh
-

least remain constant, in the face of declining hardware cost.
The lack of markating skills in Canada, as well as the low lavel

of research and development are viewed as the major obstacles to
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developing a domestic supply industry.(with'export capabilities)t

While the new office equipment will ohange skill requirement

it will also affect the processes within the office, and the functions

of the,manageriai”and professional’staff.‘ New sefvices (inncluding.
'olosed~user group’ use of videotex) will.permit more efficient
_organlzatlon and manlpulatlon of. 1nrormatlon and data

Although such changes cannot be quantlfled in terms of
'thelr lmpact, the‘product1v1ty galns from usmng the ‘more ’basmo-
forms of the new technology should eventually show up Take as an

example, the Calgary law tlrm_whlch through efficient use of word

processors has been able to add three lawyers_to its staff, although

1/

- it now has six fewer secretaries= . This is a clear example of more.

output foruthe same (or feWer) inputs. It”ls aneodotalf but probably»

characteristic of the nature of. change which is occurring in this area

Electronic Mail

Several stages,of development of electronic mail are

venvisagedl although the,ultimatemappearance'of electronic mail in
the home will not occut‘ln the next:ten years. vThe’major hurdleS'
which must be ovefcome before’any form~of electfonic mail,iSvim?lee
mented ln a major networx is compatablllty of sendlng and'receiving

systems. In- house, closed-user group electronlc mail or message

systems are now a reallty, and transmission of messages (or “mail")

1/

=/ Canadian Office, Febfuaf? 1980, page S1.
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by electronic means by the Post Office, uSing e%isting telecommuni-i'
cations links) to a distribution centre (at which point normal |
Post,Office.distribution'takes over) is also a reality. Capital-h
investment in equipment and in communications lines by the carriers
'would be necessary. However, the major factor in delajwng general
use'oftelectronic mail will be-social and cultural reluctance to.
adopt this new technology Until more‘specific'information iSm
available on the proposed components of an. electronic mail system
very little work can be carried out. on’ the impact of this technology
A change in the proDortion of mail iloWing through normal;channels
and that going by electronic means Would likely change thelmix of

voccupations and skill requirements of the Dost Orrice The- impact

on the level of employment is not clear, but the cost or‘"mailingW

£o the user would be lower if electronic means were_used, particularly-

if time for delivery is important.

" New Home Services

While such services as security/burglar alarms, and energy
conservation'systems are currentlyysupplied[to homes via the cable
network, lar@a:more 'general' services associated.with videotex are
not likely to have a major_impact on the economy within the next
ten years. VVideotex_has.not undergone_extensive market testing ih
Canada at this date, and the types'of services (or databases) which
would be provided by such. a system have not been well de “ined. Eor
example ajsystem which used the Department of Communications Telidon
technology_would,provide access to a bank of informationr' The type

of information which would be provided and the payment” arrangements

Hﬂﬁﬁi“ﬁ(}ii‘!@& + Ottawa, Canada « Effective Eccnomic Research
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are still in the*formatiye'stagesJof‘deyelopment. ' The bank of
information will to some extent define the-"audienoe" and’potential,
users.of‘this service. Additional features such as ﬁhome-shopping"
or electronic funds transfer.orvmaii, using the Videotex'system,

will reguire significant investments by "carriers" of the information

.flows and again these are not likely to enjoy widespreadﬂuse or be
signifioant in the:macroeconomy by 1990.. It is not possible to make'
any comments’on the empioyment generation by fdomestic) Squlj indus-
_trles, or by. "lnformatlon brokers" who prepare and update lnformatlon
bases, untll,there is lnrormatlon on the type of equlpment, the source
of supply, the price, the prlce of the serv1ces, eto. FOr this reason
the. v1deotex related home services cannot yet be lncluded ln an. lmpact
study. .
| There are, howevery_other consumer products_and services
" which currently enjoy wide aooeptanoe in Canada and/or-the United
States. These include: PAY-TV, video cassettes,,and home computers.
To the extent that the associated hardware, or the-programming
contentdof the new products are domestically produced there will be :
some employment generated'in "supplying" industries. As. the consumer
faces both a hudget and time constraint in his purchase and use
of theseritemsj they WLIl compete Wlth each other and with other
new and existing le1sure-act1v1t1es. Thus to the extent LhaL new
products and. services suhstitute for existing (eﬂg.~v1deo-cassettes
for movie theatres) there will be some negative employment impact -
in the ”declining"‘industry.' information on expected marketlpenetra—
tion, source of‘supply, price and the change in mixvof consumer |
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expenditures would likely provide sufficient detail on which to

base a macroeconomic impact of these new goods and services.
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CHAPTER 3

Alternative Scenarios of the Implementation of New Technologies

From the previous chapter it is evident that lack of

preclise information is a serious problem for a macro study. While:

it was possible to identify many technological changes which would

likely occur within the next ten years, there is no informatidn .

-

which would permit us to rank of'quanti:y:the impacts} _Véry>few'
of the peopls inﬁerViewed felt that gbverhment policies would be"‘;
effective in altering the rate of implementation of aﬁy new
technologies, but rather othergcohsidara;idhs, in part;cﬁlarv

domestic. and international competitiveness, would play the major .

roles. From the myriad of likely changes, and with a view to the

)
i_‘

trade, new products, etc.) four scenarios have been postulated.
These scenarios include technological change of differant types

with direct impacts in different arsas of the economy. These are

hypothetical casés,‘illuétrative of ths kinds of impact. studies
it is possible to carry out, of the nature of the information‘
re@uired, gnd of the implementation'proée&ure in a macréeconomic
model.

In this chapter the four scenarios are described in a
macroeconomic context. That is, assumptions ars made concerning:
what we have eisewhere called the "distribution of reats". 1In

this way we have the necessary set of information to trace the

(9]

impact of a particular technological change through 'Phase Two'

- -
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'

of our framework and to consider the multiplier effects. It has
been necessary to make certain simplifying assumptions concerning
the rate of'implementation and length of time required to "fully

‘implement” a new system.

While recognizing that technological change is' a continuous

process and in fact rarely involves quantum shifts, for purposes

of this feasibility study‘we'assume that a sigale technological

rt
(b

change occurs {(e.g. use of industrial robots or other computer-rela

devices in a manufactlring process), and that after a certain

cr

nﬁmber of years this new procedure is fully'implemenfad.‘ This permi1
in a macro«framewo:k, aﬁ‘anaIYSis of:thé impact of the change as
the:various §ecto:s'adﬁﬁst to the change with greater or lesser
rapidit?. |

. The fpur,hypoﬁhetical séenarios are A. Autométion ot

Production Processes in the Textile Industry; B. Office Automation;

C. The Automation of Internal Functions of Financia

=

Institdtions
(e.qg. fully‘auﬁomated operations of é charteréd,bank across its

branch system, bdﬁAnoﬁ between charterad baﬁks), and D. introduction_
of New Consumér Products/Services. The remainder of this chapter
deals with the'assumgtioﬁslof each séenario and then finally Qith

~the role of government policies to promote technological change.

A, Textile Industry: Increased Automation of Production Procasses

This scenario hypothesizes a significant increase in the
automation of production processes in this industry. The precise

method ci achieving this change is not sgecified but could include

such computer-aided-manufacturing devices as industrial robots, or

- "
iniﬂrmeirma » Qttawa, Canzda « Zffective Economic Resaarch

CIMITES




improved process control, etc. The first consideration is the

magnitude of .investment required to purchase the technology.

Since no quantitative information is:readilydavailablern'this

invesﬁment,'an impact simulation would target for a specific
capital/output ratio, where "capital" is restricted to machinery

and equipment; as this is the most relevant form of capital for

' the technological change we are discussing (as compareddto investment

in non—reSidential~construction).

| In order to determlne an approprlate lncrement to investment
a tardet capltal/output ratlo would be hypothe51zed, and lnvestmenn
would be increased over, say,-a lee year period to achleve that

ratio. Two addltlonal due5nlons remaln concernlng 1nvesument. The

first is the'source of he machlnery and equloment purchased Is

it supplled domestlcallv or from- abroad° The segond questlon-

concerns the scrappage‘rate_of capltal in thHe industry and is

slightly more.complex. Does the availablity of this ”new technology"

as embodied in the machinery and equipment, cause the: industry to

sCrap existing steck at a much more rapid rate than otherwise?:

This would lead to significant changes in the vintage_of the capital
sﬁock but may not reqnire'any change in the.eapital/outpu£ ratio.

If the’ lndustry, hbwever; ecraée its stock at its "nefmal" rate,

and increments its stock through investing in the naw technologvf

we are_stlll in the world we set out above, with some (hlghe:)-target
capital/output ratio. While this iatter issue is an important
conSLderatlon in the analy51s,-€t is perhabs lese crucial to ‘the

outcome than the assumptlons concernlnq Droductlv1ty and Mrent s"

inﬁ@rmeérica » Ottawa, Canada « Efiective Ecanamic Qeseercn
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Implementation of this "new technologv".will result inf
productivity galns.for the’industry. These'gains could be achieved
inrtwkoays = fewer production workers or less.material inputs -
for the same level of output These changes'couldvbe experienced )
vln both the textlle and clothlng industries: It is conceivable -
that with such shifts in the nature of the productlon process
relatively more "information workers" would be requlred than
previously. We assume, however, that thlS would not off set the -

wproductLVLty galns achleved elsewhere. |

Since the textlle lndustry 1s 1n’a vulnerable position
visea—vis lnternatlonal competltlonﬁlthe "rent" questlon is a very
important one. (Thls discussion cOuld'applv equally well to'anv
'other 1ndustry whlch elther exports a subStantlal share of 1ts
‘total productlon,.or competes lntenslvely w1th 1mports in the .
:domestic marhet.ll The industry is in a.posltlon, hav1ng,1nvested
in the new technology,“to produce the'same level of output at a
lower ggst, and still'achieve the.same rate of‘returnlon its
investment as prevlously " If the 1ndustry malntalns its EE&Sé
to consumers it will have addltonal proflt or return on its
lnvestment,.whlch_may be dlrected towards h;gher real'wages for
the (remaining) enployees, or which may remain in the- lndustry s.
profits to be dlstrlbuted to owners or. shareholders or lelnvested.

However, as thls industry is highly. coﬂoetltlve in an lnternat1onal

environment, and as lt lS unllﬁely that the Canadlan lndustry would
update its technology in lsolatlon, the most olausrble dlstrlbutlon'
of this "rent" is to consumers in the form of'lower‘prices. These
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' concept thaniautomation Qf alfactory's.production process. . But as

put forward some: sugcesb1ons as‘tO'how_this‘problem might be tackled.

‘cont1nue to examine this =c=nar10 lnvuerms or lnveSLm nt. requirsments,

-26~

lower prices would at least maintain, but possibly improve the
domestic industry's position against imports and would have an

impact on the balance of payments in textiles and clothing.

B. Qffice Automation

' Technological change in. ”“he OLLlC " is a more nebulous . = |
this is an area of major concern, we falt it important to at least

The major difficulty in d*scuss ing office automation is its definition.

1

The‘lntroductlon of complex_worx stations and the ability of managers

to access files and information inst ntaneous1y,.fill_result in not

niy producitivi ? géiﬁs at 6lerical levels, but new.ro;es Zor mAnégers
énd a chénqe-in-the~degisidn—ﬁaking pfodeéé[: Ménf.df”these.shifﬁs.

in attitudes éndAwork Environments cannot be quantified. However,
for many of the clerical £unctions ﬁhere will bewmeésurable produé— '

thlty gains. Bearing.in'mind that”these~problems exist, we will - R

“ prqductivityAgains and rents.

Ih

Investment for office automation.will be most likely to
occur through machinery and equipment . purchases. This investment

willwresult~in a direct substitution of new capital stock for old

leadlng to a comolete sh £+ in the vintage of capital stock. The

"since thers’

time frame for a change is less clear - particularly

‘_l
!

A

~are many office functions which lend themselves to uuomac1on, and.

which may be automated independently of each other. If the lnvesLn nt.

-~
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‘_lS to be sourced the domestlc and 1mported components must be known.’
‘A more 1nterest1ng questlon deals wrth the equlpment 1tself There
-are many 1nd1cat1ons that the software component of offlce equlpment

'fow1ll grow at a more rapld pace, 1n terms of cost and 1mportance,
‘than the hardware._ ThlS w1ll lead to a change 1n the conflguratlon
of the supply 1ndustr1es as software becomes a more 1mportant product
Aand they contrlbute more- value added to the OILlCQ equlpment or
system they produce.' Alternately, the change could occur 1n the
user 1ndustry, lf they de51gn thelr own software to be used Wlth

;lthe hardware they purchase | o |

| In terms of oroductlv1ty galns,’these are dlfflcult to
lquantlfy apart from the purelv clerlcal manual runCtlons whlch may
be . automated Offlce automat1on may also lead to. otner cost sav1ngs-
":more efflClent postage cost determlnatlon, less expenslve copylng.ﬂ
charges,‘more eff1c1ent 1nformat1on storage and retrleval (e g
mlcroflche Versus paper).A These galns may not cause a change 1n o

._labour requlrementsy but'do prov1de the user w1th s1mllar ”rents"7
~;In broad terms these result in more:- output for the same 1nput,:aso
tlme and’ materlal resources are. used more efflClently How can’

‘_gthls be expressed in- economlc terms’l Offlce automatlon 1mpacts
hall 1ndustr1es to a greater or lesser extent and may not,dlrectly

*1mpact the end product Of the 1ndustry However, lower operatlng :
costs’ for offlce functlons Wlll show up 1n1t1ally as’ 1ncreased
xDrOElt, although the‘Vrents”;may be captured 1n other ways and

: before they reach the user 1ndustry ' ' ,dv “~ o .".;;
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The Supplying.industry (particularly if a domestic

.supplier is protected by tariff barriers) may be able to capture

the bulk of the rents through higher prices. If«the.suppiier does
not succeed in taking a chunk of the rent the .operators of the
new oftlce equipment may demand relatlvely hlgher wages as they
are more-hlghly skilled operators. The net result will be a
general increase invproductivity for the_industry as-e whole,

as productivity'rises.in the office functions. ff the user
industry does ndt return‘the rent to the-supplier by payving a
higher price,‘er'paQ higher wages to its-empibvees, coroorate

proFlts are llﬁely to increase and these may be dlstrlbuted to

lshareholders, - or selllng prlces of the user lndust:y w;ll be lower

C. The Automation of Internal Functions of Financialjinstitutions.

This particular scenario deals with the automation of
functions within banks and other financial institutions. Included‘

in this particular case are inter-branch communications facilities

as currently exist in several chartered banks, as well as automation

of internal banking functions such as recording accounts, calculating

interest, cash balances, etc. However, this scenario stops short
of a fully-automated. national EFTS:situation.' It would not rule
out automation of credit checking and authorization for major credit

cards.
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'Much of the change put forward iﬁ this_simula;ibﬁ is
underway at the present, which makes the scenario more interesting
as certéin iﬁpaéts may alreédy be_dbserved in the écpnomy. Beforz
_ciﬁing examplés from Cahada‘s‘current,experience in~this‘area;
we_will éxamine in&estment, pfoductivity and "rent" implications

this‘tebhnology.

Ih

o
Similar c@nsidérations on the inveétment side gpply to

this caéé as to the previous two. How mﬁch ih&estment in machinery
and'equipmenty and;in non-residential constfuctionl(to house. new
cémputing centfes) is required? Will this investment be domestic
or foreign-sourced?  And what will be the softWaré'component of-
the machine:f and'equipment‘inVestment3 .Will_ﬁhe‘éoftwa;e‘be
prbVide& 5y.the suppliérlof:thé harawaré»or Will tneVQSer,deVelop
his:own sof£wa£e? (If'&e were to consider a;fully~aﬁtomated nationa
electro@ic funds'trénéfer‘system, additionél'invéstﬁent would be

‘necessaryAfor éentrélizéd‘clearing facilities, to achieveicompata-
bility of individual systems, for communications links and for
édditionai transactions terminals at the retail.lével).

With these automated systams in plaée, productivity gains
méy be achieved_directly by eliminéting'mahy of the manual calculatio
in'a’baﬁk. There i$~QVidehce now that automation of functions has
permitted new‘services.to be introduced. An example is thé new
‘daily intersst savingé account. Increasad competition from ﬁhe new
services will possibly lower cost of service to.the consﬁmer;t As

in previous examples, employess' wages might also increase LT more

skills are required to operate the new squipment.
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D. Introduction of New Consumer Products/Services

This last hypoﬁhetical scenério examines'the‘introductiod
of hewfgonsumer prodﬁCtSy embodying ﬁéw technologies. Examples
of such products would be: home computers; video caséettes;_video'
discs; new cable services (including'sécurity serviceé; ensrgy .
conserjation); and ?AY—TV. Since the'consumeﬁ is the purchéser:
oxr "invéstéf",the'conceptS'used ih the’previous_cases altgr,slightly
in this example.. The‘in' ial consmderatlon is the l@catibhrof

i : b

supplying industries.. These may constitute'ggz ;ndustries in the
economy, supplying new products. Whaﬁ is the domés;;c/ oreign
contentlof thé‘hardware and éoftﬁare'embodied‘iﬁ thetconsumer produéts?

From the conSLmer s v1ew9011c the. ou;cnase o; a d rable
igobd suéh as‘avbome comouter or video- dlSC COHSLLLHLES an'aneétmenﬁf
Given the cohsumer" budgeu constra_"t, these, chnases will likely
diéplace expénditﬁre on other goods. An addlulona1 ‘constra ﬁt‘for
the consumer in this instande-migﬁt be lei3u£e time, as most of
these oroducts vie for léisure ﬁimé; TO'the'extenﬁ.that any of
these new products or servigés'allowg the‘.canuﬁer-to spend his
leisure timermoré pro&uctively'- e.g; gi&ing the chsﬁmef Ehe;
‘capébility of Watéhing'spécific televisiOn programs.or_movies-at
his convenience - they may be said to_reéult in;prodﬁctivity
gains, or provide some "psychic rent" to the consumer..

Employment will be created in the s'pplyl g industxies

.

b

H)
Fh
(LI

and in servicing the new equipment. However, Lhe trade- mad

S

Iy <4

the consumer by - for example - purchasing a video-cassette syster

rather than going out to movies, will cause certain industries to
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‘decline relatively.'v

'The Role of Government..

What optioné are open to government to prdmote more
‘ rapid development of néw.technologies_(establisﬁment of domestic
supply -industries), and to .affect the rate of difﬁusion,and

impleméntaﬁion-of:thése'technologieS? Very few of the experts

interviewed felt that goVerﬁmenﬁfﬁolicies;would'influenpe_business

decisions on whether or not to invest, and on the timing of the

investment. Ultimately the firm's decision would be based on’

guestions of competition and standard investment appraisal criteria.

fvjhefmore iméortéqﬁliésue:oﬁ7the implementéﬁion of,new teéhnplogyf‘
waskforjmbst peoplé, noﬁAthetsource of,éuppiy Qf:the te¢hn§logy
(domeétic o?.foreign), but rathérzwhen-andfif the ﬁew'ﬁéchholOgy"
is adbpted‘inICanadé;' | |
| One area.of gbvernment "involvement" which was discussed
lwith,the-éxpéﬁté; was the pfqblem of very_rapia'obsdlesbéﬁce'of:
investmentvgdods in areas whefé'new-generatidns of equipment Wére
appearing in quick sucéession,_and:with little change in price.
‘Firﬁé'might be reluctant'tO*iﬁvest, as a new geﬁeration of the
product c0uldvappéar Well before their investment hés'beéﬁ fully
dépreciated; .Many suppliers are circumventing ﬁhis problem by
' leasing their products, but if their leasin§ charges are theméélves
based dﬁ a relatively rapid depreciation oﬁ the equipment, the user

.

still bears part of these costs.
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. While government incentives to research and development

are assumed to be an lntegral component in the oromotlon of
technologlcal change, there 1s. some ev1dence that thls pOllCV
may, in fact,.confer very few beneflts to the economy, ln terms
of increased R & D expendlture, although the small change in S
R & D expenditure does lead to hlgher output Po1icies-Which
promote R & D through increasing the lnvestment tax credlt on
R & D, or increasing the capltal consumptlon allowance‘(on total
T or incrementaltR § D expenditures)fmay, thus; be expected to have
relatively small impacts on the level of R & D-expehditure.h It
is also noted that to the extent that R & D expenditure is'increased
'there.will be a further (slight) decrease lu‘tax revenues. |
As there was no consensus on the posrtlve lmpact of
:government oollc1es ln promOtlnc new: supplv industries, or the rate of
adoptlon>of new\technologles, this is one area_whlch must be more

carefully researched before reasonable -assumptions can be made in w
an impact study.
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CHAPTER "4

Implementing Alternative Scenarios Using TIM

The Structure of TIM
TIM is an annual macroeconomic model-offthe Canadian
economy.i/‘ Tts structure is similar to the CANDIDE family of nodels,

although it ‘has been comoletely reestimated by Informetrica and

.employs the~l97l-Input/Output submodel in a diiferent manner than'

the CANDIDE models.” TlM, and all other major ‘macroeconomic models,
detail seven baSic sectors of the economV (a) final demand (expen—
fditure by end-use sector); (b) industry output; (c) labour supply'

and demand%_(d) returns‘to factors and industryAdomesticfoutput;
(e)lfinal_demand prices}‘(f) incomes lby sector and aggregatel, and
.(g)'financial variables and:capital Flows Theiinter—relationships
of these sectors are shOWn in the diagram below{'.An additional
sector‘ of the model is- the input/output submodel which prOVides
. the linkage between’final.demand ‘and industry output ‘and between
industry and foreign prices and domestic final demand prices
The interdeoendﬁnce of tne sectors is GVldent from tae’
diagram. - In the TIM model, as in all "macro: models" the variables
Ain all.sectors are determined:simultaneously | Changes in a Single
sectorr~'for example, an increase in investment - are reflected |
'simultaneouslyiin other‘sectors; Lagged impacts are built into the_v
model system; to_the eatent'that~equations include_lagged explanatory N

variables. Thus the possibility thataa‘response'to a ‘particular

.l/The reader is“eferred to "The InformetricaiModel",yby Paul Jacobson,
Informetrica Limited October 1979, for a more detailed description
of the model. . o
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change in the economy will not show upjinstantaneouslywisiinclnded-
in the model, as reflected in the equations which are based on
historical data'andsre8ponse lags. As Wellvas.being a simultaneous
model, fIM:alsoihas dynamic and nonlinear properties. 'As a dynamic.
model, the’SOlutionAvalues of a given year afe partially determined
by‘solution values ofvnrevious years. The nonlinear’equations of -
TIM have the effect that the size of a‘change'in‘a oarticular vear
depends on the solution values for that (current) year.

The diagram of the sectoral linkages is, in many ways,-
analogous to the impact chart which was described in the introduction
(page;2). :To‘be»a~true simultaneOus system the impact chart‘should |

have another link from the bottom box of "maltiplier effects" back

~to the top of the flow, although the induced investment from the

.initial.impact_will not necessarily be in a new technology

Since TIM is basedton historical relationships, any change
which is made tohthe assumptiOns~ot~parametershoftthe ﬁodel,,will -
in the absence of additional information or othef changes -~ feed
through the model at the same pace and*With the same impacts:as
occurred duting the sample‘period used for estimating the.model. If
.there is reason to believe that the ‘historical patterns of demand
and response, oOr the'historical input.mix for final‘demand may have
changed, or are nollonger Valid,in the-"newﬁhforecaSt being h?pothesized,
certain types of information or detail are necessary to impose the
new pattern on the model. Using investment .in the textile industry
as an example,é/ suppose that investment in;the industry . is increased
significantly in a pafticular year,.relative‘to‘the "base" view of |
the economy. If this investment is;simply'added to the assumptions

v

See Chapter 5 for "demonstration" simulations of such investment.
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of tnefsimnlation (as an exogenous change, or'constant adﬁustment_:
to an endogenous.term), itvwiil Work,throuoh the‘normal'(historical)'
channels'of resoonSe.. The mix of goods and serv1ces purchased w1ll
reflect what :EEE mlx was in the historical. oerlod and output and
employment w117 risei as a direct rasult. There maf'te some producti—
vity,gain_and ultimetelyvreal incomee.will increase 1n general as
’the-muitiplier‘effects show- up ‘But what can be done iz there is a
'prior1 knowleage that thls anestment does not lnvolve ourchase of tne
normal mix ofvgoods end,serv1ces for textile. 1nvestnent° Ratner the
investment is in speoific'high'technology equlpment, and’the direct
.impact of this investnent'willvbe_to reduce_the{industry's eméloYment
requirementsrfor"a soeoific levei'of output. 'The'onLy way'tnat sucn

impacts can. be imposed on the model is by‘making use of such- additiona

lmrormatlon to adjust.tne oonvent;onal d___ t impacts, to achisve thos
whlch arn expectad to occur.. "This, in_part, explains the-information

requirements, partioularly to the‘extent that these exceed simpl

6]

knowledge of the magnitude of investment. The textile example is

described technically, in terms of an implementation using TIM, below

and the illustrative simulations'with the model consider both the

case of a "normal'" increase in investment, and an increase of loentlca

B

magnitude but which is directed towards nigh technology machinery

and equipment with significant labour productl lf/,gains.

=
I}
o
£
=
fu
t
l.a
0

'The questions for the technology experts included i
on . the direct impact of investment in new technology, to the extent
that this impact differs from the normal historical response. Unikil

1

such detail is available, there are very Ffaw ways to define or simu

‘s o= m

l-—l
)
cl

the impact of investment in such technologies. : o

ttdITeA




'~ down for approximately 45 industries (not including government),
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- The next section provides a technical discussion of how
each of the four scenarios, set out above, would be. described as a

simulation using TIM. The specific nature of the changes required,

~and the variables which would be adjusted (where known) are identified.

Implementation of the Scenarios

Automation of the Textile Industry

Investment in new machinery and equipment by the textile
industry is the first and driving assumption in this scenario. This

machinery and equipment embodies a new technology which results in

substantial lmprovement in labour product1v1ty In the-TIM;envirOnmentL

the relevant lnvestment varlables are M67IMK (lnvestment ln machlnery

and equlpment S¢97l; xnlt lng and clothlng) and MOSI%K (1nvestment

in machinery and equlpment $197l teYt1les)i Slnce we have hyootheSLZef

that the lnvestment is incremental to that in our reference v1ew of

the economy,; . each varlable;would be adjusted by the appropr1ate~l97l$

amount, through a constant term adjustment.$/ If no other compensatlng
adjustments are'made} this lnvestment will lead dlrectlv +to lncreased

industry output and increased employment. ‘While 1nvestment~ls broken

R N ! . \ . .
~estimates of employment and wage bills are available for only the 12

-major industry groups. For this reason, employment in the textile;

knitting and clothing industries, and their wage bills arenpart of
total manufacturing>employment and wage bill, and-do.not‘appear

explicitly in the model.

l/

A constant term-adjustment is a regularlj used orocedure for changtng
the solution value of a variable to correspond to the partlcular-
assumptLOns of the- SLmulatwon

Enﬁﬁrmeirma . Ottawa, Canada « Effective Economic Research
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'ASince'this scenario assumes. a significant improuement in o
labour productrvrty resultlng from the 1nvestment, manuracturlng S lll
employment (both man—years MAET and- hours, MAETHR) must have offsettln
negatlve adjustmencs to ensure that the dlrect 1mpact of. the 1nvestmen
is a'decrease in manufacturlng emplOJment related to-textlles and
.clothing (A further reflnement in thlS partlcular scenarao is that
‘the "rent" generated by this product1v1ty 1morovement ‘is passed to
the consumer in the form of a lower price. ThlS 1mp11es that the
wage bill in the textlle.lndustry drops as wage rates are unchanged
but employmentllsplower. Wlthln-TIM, thls occurs automatlcally as.
‘employment'declines; howeVer,’the lower emplovment and wage bill in-
'the textlle and clothlng 1ndustrles appear as partlof manufacttrlng,
and this change at the aggregate level of manulacturlng must be

:'redlrected to the textlle and clotnlng 1ndustr1es, through changes

© to the gross domestlc oroduct of tne two 1ndustr1es (MA67YG,GDP

that the lower-wage'bill;for“manufacturing does,not impact all
manufacturlng 1ndustr1es, but only those deslgnated. This will in-
turn lead to lower domestlc orlces and induce an increase in demand
for domestlcally produced textlles ~and clothlng Wlth an offsettlng'
drop in import demand for those commodities (TEUnMK,textlle 1mports
from U.S., $197l»-TER4MK; textile'imports; ROW, $1971).

The multlpller effects Wthh result from the 1ncreased
demand for domestlcallv produced goods and from the hlgher real
1ncomes due to lower textile and clothlng prices, will most llxely

lead to a net increase in manuracturlng emplOJment once the 1nduced

impacts have occurred.  However, the source: of this outcome will. be

il
knJ.ttJ.ng and-_clothJ.ng; MAOSYG, GDP t_extlles)_. “This adjustment ensures .

iniormeirma s Ottawa, Canada » Effectxve Economic Rﬂsearch
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different than if a normal ﬁhistoricalf ‘investment expenditure had

been assumed.

Office. Automation’

Technologlcal change in the office is a much broader concept
to deal w1th than a similar change in-a. partlcular 1ndustry ~ The
nature of'the offlce—related machlnery and equlpment,rnvestment by

all industries will change. The trendswill be towards a different

imixfof investment goods, with a relatlvely hlgher proportlon of value—

added embodied in_the goods. These new 1nvestment goods will improve

- both capital and labour product1v1ty in an lndustry, although the

improvement will be concentrated in office functions. - This particular

'scenario‘provides‘a useful example of the need to adjust the InputTOutpu'

table to accommoqate the assumptlons

In thlS case a new supplylng lndustry.WOuld be.added to the7
lnput output table, to produce the new "Off ice qulpment | The‘lnput
requlrements of thlS lndustry could be such as to lnclude a hwgh
proportion of value-added;‘assumlng, for example, that the software'

component of thS equlpment becomes an 1ncreas1ngly lmportant share

- of the product. All 1ndustr1es would ourchase from this industry as.

part of their.requirements for investment in machlnery and' equipment. -
(The reader is referred to Appendix A for a technical discussion of
such changes).

Since the prlce of the new offlce equlpment is expected to-

‘rise less’ rapldly than other prices (at least in the near term), the

real (1971$) investment by industries may be increased to reflect the
the relative price changer In order to .capture the productivity

impact, existing employment functions may be adjusted,. or these

Eniﬂrmeimca * Ottawa, Canada » Effective Economic Research
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vfunotions could be reastimated} separating'tha differeﬁt.twoes of
‘investment - mach1nery and equipment and s_ructures._ Thls aoproacn
‘would ve SLm_lar to the concept of che ln;ormatlon/non lnForma_lon
vlabOur and informatlon/non—information capltal*used in estlmatlons"‘

1/

of productlon Functwons h1s aoproach would requlrn a swgnlrlcant

additional amount~o: 1nJ_or'nat:Lon over what currently ex1sts;

The Automation of Internal Functions of Financial Institutions

Financial institutions would be, rasquired to make investments

in machinery and equipmenﬁ,and structures (FIIMEX and FIICOK, lnvestﬂe

by finance, insurance, real estate in machinery and egquipment and
construction respectively, 1971$) to meet their reguirements for

automation. In the case of machinery and equipment investment, it

may be desirable to adjust the'current,miX'of*goods in tbe LnDu~*OucDu

table to take aCcouht‘of the new types of terminals and other hardwa:ﬂ

ourchaseo by the lndus_r . If*the'finandial'institutions provide

f .

e evident in their amplovmenc (skill/

o

their own software, hws Wlll
occupation) réquifements. 'If’they‘ Durohaae" tne software as part of
their}inweatment 51mllar adjuSEmenta to the svp lj1pg 1ndustrY‘of

these products WLll be requlrcd as aboveALor ffice auoomatlon. Tﬁe

industry-must'also pu:chase (as opoosed to "inVest in") communlcao1ons

l—“

links. These purchases would be from the 1ep 1one/ telegraph companie
lgu

and would necessitate a change in the Input/Output con nfiguration of

purchases by the financial community.

1/

See Warsk ett, Ceorge "The Role of Information Activities in Total
Canadlan Manuf ac;urlng Separability. and Substitutability"..
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Employment (FIET: fotal'employment,'man—years, finance) may

be lowered if labour productivity‘improves. In the TIM model this

Cwill lead to higheriprofits,(FIRC:;réturn to'capitai, finance, insurande‘

and real estate), but a downward adjustment to profitéﬁéan be made

“if it is assumed that consumers receive the "rent" in the form of

lower prices.

Introduction of New Consumer Products/Services

The first decision in this scenario is whether the new
products or services,are'impérted or produced domeSticélly},'If they
are produced in Canada, are they sufficiently similar to electronic

products to be included in that industry, or is it necessary to create

‘a new domestic supply industty in the Iﬁput—Output table? Consumer

expenditure must.bé redistributéd to these new products or services

"~ and away from others. As with the supply-industry}’this new consumer

expenditure could be considered‘an increase in thé exiéting‘"hoqsehold
apblianceS“ category, or a new ﬁype.of consumer expenditureAcould'be
established. | |

To the extent that significant changes ogcuriin thé.mix'of~
consumer expenditure, towards the new ifems aﬁd aWéy f;om existing |
consumer expendituré categories, the appropriéteuinduStry emplOymenﬁ

and output adjustments will occur automatically,  in response to the

- shifting demand patterns.

LiMITEO
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~CHAPTER 5

A Preliminary Simulation:
Increased Automation in the Textile Industrv

This.ohapter, and the two simulations described
here,.serve three. purposes: (1) they demonstrate the use
of a macroeconomic model such as TIM for imoact anaTySis;

7(2) they lllustrate the. lmpact of "hlgh product1v1ty" "new
technology" 1nvestment- and (3) they show the dlfference betweeﬂ
thls new type of 1nvestment, and what has elsewhere been termed
"normal" investment. It is 1mportant-to recognize that any "baseﬁ
forecast of economic performance already incorporates productivity
improvements to both labour and capitalf Secondly,vthe_impact .
of an_ingrease.in "normal" investment'will'further ameliorate |
productivity, aLthongh'perhaps not to the same extent as;the‘
,introduction:of a new teohnology.‘ These two points raise-an
important question, which remains unresolved, at this stage.

_That is: howvmuch of the new teohnologiesr.and their implic
produotivity‘gains are already included in the hasg forecast?

The impaot of inoreased_investment by a particular
industry, can'be traced through the economy in a manner analogous
to the two- Dhase dlagram whlch appeared in the Introductlon.

The direct impact of investment by the textile” 1ndustrv is lncreased
demand to suppllers of the investment goods and services and
increased productive capacity, or a direct improvement in produc-
tivity in the textile industry. The suppliers of the investment-
goods are now in a position to inorease their output and. demand

for inputs, .and similarly- the textilepindustry‘is‘in'a‘pOSition

iniermeirica ¢ Qttawa, Canada e Effective Economic Research'
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tovincrease its’outout and hire'more (or less) oeoole,:(depehding

on the labour reoulrements-to operate the new machinery and equlpment
or sell its product at a more comoetltlve prlce. 'mhese may be
con51dered lndlrect effects and are reollcated in a model through
lnputfoutput relatlonshlps. The final impact whlch'closes_the

.Chain of evehts ae a simultaneous system, is the ihducedflmpact,
which results as employees orlconsuﬁers'spendltheir increased
‘incomes, or corooratlons invest more, from their increased returns.

" This final set of reactions results in the multiplier effects

- commonly ahal?éed in a,maoroeconomlc impact. That‘is, the change

I
B
I
1
1
1
1
'~ in the economy's regl'outputr(or Gross National Expenditure) is ' 'I
‘greater than the real investment whieh initiated the_chenqe.
| For this demonstratlon of the use of" TIM, two s_im.ulat.ions’ l
were r'un’ tg. J.llustrate (a) the impact of a "nor-nal" investment" ' .
expendlture by the textlle, &nlttlno and clothluq lndustrles,'and
.(b) the lmpact of the same. maqnltude of investment dlrected towards l'
"new technology", high productLVLty‘machlnery and equipment.
In both cases, the textile.industry and the knitting end clothing I'
industry were assumed to each increase real lnvestmeht in’machinery
and eouipmeht by 10% per annum (over base case le\}els) for five '
‘ yeare, l980—l98:4.' In'the first ins_tanoe, the_investmeht feeds l
through the'model ih its’"normalﬁ fashion, while in the second
KinstahoefaisubStantial productivity gain was eSSumed, and the "
addltlonal workers- in the textile and knitting and clothing lnduatrles,
as a result of the J.nvestment, were cut oy about 50%. Furthermore,. .
the benefits from this Droductlw ty J.morovement in the second .
Case were assumed to-accrue to consumers throuqh lower Dr1ces‘ :
S 1
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Each‘simulation is discussedvséparately below, aﬁd is
compared to‘ﬁhe‘base case (The National Forecast Sérﬁice, Post-
~Workshop - IT Decembér 1979). (A set of detailed coﬁparative
re;ulﬁs has been provided to the Department of Communications:
undernéeparate cher.)‘ Summary tables for eééh caée‘éppear at

the end of this Chapter. - - 1 ‘ -

"Normal" Increased Inveétment by the Textile Induﬁﬁrv

Investment in machinery and eﬁuipment by the'teXtile,
and khitting and clothing industries is increased:by a tQtal.of.
$13 million (l97l$).eacﬁ year>from 1980 to 1984. This répresénts‘
an additional lO%:invéstment’annually in)maéhinery and_équipmeht

for each industry. .The resultant impact is discussed in general

?erms, with specific industry—fel&teé.détail Whéte‘apprbpriaté;

| 'By 1984,'the;cumuiaﬁive inéréasé E§ investment is $65
million (lQ?lS)Q Focussing on the impact invi980 and"lgéé, GﬁE
(real Gross National Expenditdre) iS\$20.8 million (1971%) ébove
the base case in the first year of the impact, and $104.6<millionVA
higher‘in.1984, the peak impact year. This differénée ;s the

result, in 1980,.0f the following increases: $2.4 million in

' consumption; investment, $14.1 million; $O.3‘millionfin government

expenditure; $0.2 million in exports and —51}7 million in imports.
By 1984 coﬁsumption is $19.4 million higher than the‘base case;
investment, $34.3 million; governmenﬁ expenditure, $5.1 million;
exports, $6.l million; and imports, —$29.lvmillion.

On the consumption side, the résponse is attributed:
to increased real incomes as.obposed to_particﬁlar relative brice

declines. For this reason, the change is centred on highly income

LIMITED .
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elastic expenditnre items, such as recreational equipment, new
cars,.hotels and restaurants and other purchases-of durables
and services.']since there is no specific consumer.price,response
in textiles or.clothing-to the incremental investment in those
uindueﬁries, conSumer expenditure on these items is no£ greatly

altered from the base case.

i

Of the change in total:inveétment) the bnlk of tit is
in machinery and equipment, or $13.4 million in 1980 and $25.8.
million in 1984.. The change in government expenditure  (on goods

and services) is fairly evenly distributed across the various

categories, in resoonse +0 lncreased demand for serv1ces by consumers.

The minor change in exports results from increased capacity of
certain lndust:les, and_a sllght»advance due to the "normal"
productivity implicit.in~anj‘investment. The major change in
iimports is a drop in clothing impofts, due to increased domestic
capacity in both knittiné and clothing and the textiles industries.
Part,of this droplis offset by Small increases in other imports,
such as industrial machinery, to meet the demands of +the incremental
investment.,

Real domeétic product for the total economy is up. $19.6
million in 1980 relative to the base case and $103.6 million in
l984; Sllghtly more than half of this change lS ‘in the manufacturlnq
sector: $11.3 million in 1980 and $56.8 million in 1984 The |
two industries in which investment was increased MAQSY (RDP, textile
industry) and MA67Y (RDP, knitting and clothing industry) show
output increments of $é.5 million and $0.8 million respectively,
in 1980, and $14.2 million and $6.6 million in 1984. While donsumer.

expenditure on clothing has'not changed much in this particular

LIMITED




simulation, clothing imports are lower, with the result that . the
domestic industry supolies a greater share of the market. As

well there is an increased 1ndirect demand for textile and other

‘knitting and clothing'products due to the higher level of economic

activity‘more generally. Industries which.supply inDuts to the
textile and clothing industries also show a Significant rise
in output - in this case the hemicals industries (for man—made
fibres)._

| On the employment side an additional 1,000 man-years
of employment result from the incremental inveStment in 1980,

and by l984 the increase over the base case has risen to 5, 156

man—years. Although the re is no rurther.exogenous addition to

textile or clothing~investment_after 1984, the economy continues

to oerform at higher aCu7VltV levelsL as productive capacity. has. -

increased and additional demands are placed on the economy by

higher consumer and industry expenditures.‘.Most of the emplovment
creation is in manufacturing For the. remaining six years of

the simulation 1985- l990, after the investment phase, another

4, 500 man-years of employment are created annually compared to

the base case. Overall labour productivity is inproved relativ
to the base case, in;all~years, although no speCificvassumptions

were made concerning\the‘implicit labour productivity of the

" additional investment

With increased emplovment, theiwage bills inlmost indug-
tries rise compared-to the base case.v As well, the wage-bill
per'man-year emp loyed is:higher in this simulation} resulting
in increased personal income. In Current'dollars, disposable

income is $6.1 million above the base case in 1980, $41.2 million

Eniﬂrmeirma Ottawa, Canada . E‘fen.tlve Economic Resaarch.
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higher in l984, and $84.8 million greatef in 1.990. In cohstant,
1971% térms, however,.ﬁhis ﬁranslates to $4.0 million in l980,
and $28.2 million in 1984, but therefis‘novdiffefence.CQmpared
to the base case in l9§0,lby whichntlme slighﬁly higher prices
~have offset the nominal lncrement to incomes. Industry pfofitsv
(or retdrp to capltal) are higher, particularly in manufacturing,
'during*theventife périod lééo—l990. Covérnment'revenﬁes'ére‘up,
due to‘inCreased taxes from a  stronger economy.

On the prlces éide, the productivity implovement thch

was initially the result of investment in the textile and clothing

industries, but which became more widespfead through. the multiplier

effects, caused slower growth in prices in most industries relative
to the bése case. The total impgct.on pricés is féi;ly small,

but reve;ses3ltself by the late 1990's whén prices-(both at the
lndustry éndlaégregate'lével) bgglnltd éfeep slightly above base
.levels, due to increased demand and higher utilization of the
increased productive capacity of the economf. As a direct result
of_incfeased investment'in'gggi industries, unit labour costs

are slightly below base case levels, although in manufacturing,

wholesale and retail trade, and services, these differences become

positive later in the forecast period, as the relatively higher
implicit wage rates offset the impact of productivity gains on
unit labour costs.

Finally the net impact on the government and merchandise

trade balances (in nominal current dollars) are considered. Although

government expenditures on goods and services have increased to
meet the needs of the larger economy, government transfer payments

have dropped by a greatér amount, as the unemployment rate has

Iniormeirica » Ottawa, Canada ¢ Effective Economic Resaarch
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decreased. The net imnact is a decline in total government expen-
ditures relative to the base case, which coupled With improved
revenues, lowers the overall government defiCit which persists
dthrough most of the period. In current dollar terms,.the overall
government halance is'improved-by $19.1 million in l§80, $118.9 -
million in 1984 and $l89,4‘milliOn‘in 2000. On'the'merchandise:
trade balance, lower imports and higheruexports contribute to -3
a $1.7 million improvement in 1980, $77.2 million in 1984 and.
15148.6 by’l990.‘ Approximatelyithe same magnitude'of:improvement
vis seen in the current account balance, although overfthe,longer
run, serv1ce Dayments decrease and furt her contribute to the .
halance, which is $2.7 million higher in l980 $87.6 million'in_.
1984, and $l68 0 mllllon by 1990. | |

'Increased Investment by the Textile Industry
.in HAgh ProductiVity, Vew Technolocv

This simulation assumes an identical increment to.’
investment as in the1aboveo"normal".investment case: that is,
an annual addition of $13 million (1971%) from 1980 to 1984 |
inclusive, in thedtextile, knitting»and'clothing industries.

Unlike the previous simulation, the further assumption.is made

that this investment is ‘in a particularlv new technology, and

the :rents" generated by this investment are directed to the consumer
through lower prices for textiles and clothing.

In order to effect a Jsuper normal" productivity
limprovement, the impact.on.manufacturing employmentﬁ(both man—years
and hours) was adjustedcdownward. »Since employment is not aVailable:dd
for detailed manufacturing industries, it was assumed that the
textile and kn1tting and clothing industries accounted for the

lnformeé mca » Ottawa, Canada ¢ Effectwe Eﬂonomac Research
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same proportion of total manufacturing employment as represented
by those. industries share of manufacturing RDP. This employment '
impact - attributed to those two industries - was reduced by

'apprOXimately Fifty percent in this productiVity Simulation.

It is crucial to note that this productiVitV gain is an assumption

-onlv, and that it is not based on any specific analysis. .It is

an assumption which also criticallv affects the impact The

'"second half" of this productivity simulation is the "distribution
of rents". This was achieved hy insuring that the lower wage
bill intmanufacturing, which,resulted when the employment impact
was dampeued (relative to the‘"normal" investment impact)’was |
directed to the textile and ﬁnitting and clothing industries.

The Gross Domestic Product oF each industzy was reduced by a share
of the total decrease in theiwage bill, as reflected bytthe employ—
ment_or'each-industry. (The_knitting andvclothing industry'employs
roughly twice as many people as the textile industry.l This,
“in effect, lowers the output'price of those two industries and

is reflected directly in the.consumer price of.clothing.

An additional implicit assumption in this simulation,

is that other countries have not adopted this new technology,

as no change'has_been made to the import price for clothing.

It would be expected'that adoption of this technology.by exporting
countries would lower the import price to Canada and:reduce the
‘net impact on the economy. -

The major difference between this and the "normal”

investment simulation is that much higher real growth and lower
prices result when the (larger) productiVity improvements are

included. - The results of this simulation are also compared to

Iniormeirica ¢ Ottawa, Canada « Effective Economic Research’
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the reference Post—Workehop - IT December 1979 forecaet
In 1980 real GNE 1is $21.6 million. above the base case,

and $116.S_mllllon hlgher by 1984. This 1ncrease is broken down

‘largely between consumption: $2.6 million in l980, $23.1 million

in 1984; investment: $14.2 million in 1980 and $36.5 million
in 1984} government expenditure (on goode and eetvices) SO 3 mwlllon
in 1980 and $6.7 million in 1984; exports $0.3 million and $7
million respectively and imborts/ down,$1.9 million (1980) and
$30.7 million (1984).

Real coneume;>expenditures increase in_response”to higher
income, with notable changee in incomeelastic categories, but
a much‘strooger gain in clothihg expenditure is apparent in'this
simulation than in the tnormal"»investment case. Women's and

children's. clothing expenditures (1971%) are Sl 65 mlll1on above

‘_ the base case in 1984, .and $2 8 m11110n hlgher in 1990 This

compares: to lncreases of $0.6 million and $0.16 million in the

same years for the "normal" iﬂvestmeot caSe. The deflator CHCZOP
(Qomen's and children's clothing) (1971=1.0) is oown by 0.002

in 1984 and 0}0036 by 1990, relative.to the base case. In the
"normal".investmeﬁt simﬁ1ation where no particular adjustment_

was made to price, thls de;lator was doWn‘OﬁOOO4fin 1984,vfrom_
the‘base case,. but 0. 00035 hlgher by 1990. These changes are
admittedly small, but the impact in terms of investmeot is also

not great. However, the direct impacts in these two.eimﬁiations

do have the anticipated multiplier effects, and‘differeﬁoes between

the two sets of simulation results are evident.
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Again,investment in maghihery and equipment accounts
for ﬁost of the change in totai investmént: $13.4 millibn in
1980; $26.7.millioﬁ'iﬁ 1984; While the incremental investment
ceaéés aftef 1984, there is still a considerable dontinuing impact
on the~ecohomy, alﬁhough the investment impact does taper off.
Bykl990, total iﬂvéstﬁent is $12.3 million above.the base case,
of:whicﬁ $5.6 is in machinery and equipment.

A similar response on the export side, as in the "normal”
investment is evidenced in this simulaﬁion, with real exports
up $0.2 million in 1980, and $7.5 million by 1984. The import
response is‘somewhat étrénger in the "productivityﬁ impact, as
clothing imports drop'mOre sﬁarply. This is the resulﬁ ofvboth
incfeased domestic productive capécity and a lower domestic price.

| Real domestic prbduct (total ééonomy)_is $20}7 million
above base case levels in 1980, $115.2 million in 1984 and $95.2
in 1990. Approximately-fifty percent of this gain is again in
the manufacturing iﬁduStry: $12.0 million in 1980; $61.8 million
in 1984; and 554.6 million in 1990. The two iﬁdustries of interest
in this simulation, MAO5Y (textiles) and MA67Y (knitting and
clothihg) rose $2.6 million and $0.8 million fespectively in 1980;
_ } : ‘

$14.3 and $7.2 million’in 1984; and $15.0 and $10.6 million in
1990.

Because the real economy is relatively larger in this

prdductivity impact than in the "normal" investment impact, a

stronger impact on employment results despite the higher labour
productivity assumed for the incremental investment. An additional
918 man-years émployment are generated in 1980 (relative to°the

base case), rising to 5203 in 1984 and remaining at close to 4,800

anormeirifa ¢ Qttawa, Canada  Effective Economic Rasearch
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to 5,000 man-years each year through 1990. This is marginally
higher than in the "normal" investment case and occursvdeépite
the assumption that about 500 jobs are direcflyAldst each year
in>the-textile industry. The total hours worked per;man—year in
the "productiQitYf simulatiqﬁ are slightly highef.thaniin the -
"normal" ‘investment case. To thelextent-tbét employe:slincreésé
hours worked in the short-run, rather than the number empléyed,.
this is hot an unreasonabie result. However, fewef toﬁéi héurs'
per man-year would further inérease the nuﬁber employed. It is
significant to note that fhe assumed "super! productivity gain
did not result in léygE'émployment relative to ﬁhe ﬁnor@al"
investmeﬁt case,‘butiih fact ptdvided’éignificant real benefits
to tﬁé eéonomyr<which_more than compensatea foﬁ thé_man¥years'
“lost"«fhrough impleﬁehtatiéh pf'the new ﬁechnology;  The‘gains,; .
.in employment iﬁ mAnufaCturing‘are léés ih~the "pfoduCtivity5
case than in the "nofﬁalﬁ'investment éimglation, but are'offset
by larger improvements'ih employmeﬁt in other éectors.':

Before considering the impact on,wages'and,incomes,
the price side of thé~simulation-is(exaﬁined. A criticai assﬁmption
in this'productivityisimulétion ié that along with the productivity |
gain, prices (to the consumer) for textiles and élofhipg‘aré;lowered
(relative to the "normal" investment case) . -The resulﬁing impact
on consumer prices-and cénsumer expenditure was noted above. However,
with the geﬁeral increasé in produéﬁivity, there are no upward |
preésures on price in fhe econoﬁy, and in fact chénges in most
nominal measures of economic activity.are‘not significant as compared
to the base case. Most of the indﬁstry value—added deflatoré

show marginal negative changes relative to the base case, and
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unit labour costs are sliqhtly lower than base case levels. Since
the CPI does not change Significantly, there 1is little pressure
forvincreased,nominal wages. Despite this, it must be recognized
that real wages per man—year do riseiin this "productivity" simu-
lation, eVenvthonch there is no change in nominal wages.

| _On'the'income side,.the'stabilitymof nominal wages,
relative to.the base case,:results.in no significant shiit'in
nominai personal income, although reaifoersonalrdisposable'income
is higher than itvwould be in the "normal" investment case. 1In
1980 real disposable income is $4.4_million-above-the base case,
in 1984, $33.7 million higher, and in 1990, $12.6 million. The
wage bills of individual industries'are increased relative to
the base case only to the extent that employment has 1ncreased
and there is no chanqe in the averaqe impliCit waqe rate per
'employee.' Some of the secondary benerits-rrom general oroductiVLty
improvement in manufacturing are captnred by firms in increased
profits. For most industries the change in-orofits in the "produc—
tivity" impact is comparable to the,"normalt investment case.
Of conrse, an alternative to our assumption'of lower consumer

prices would be higher corporate profits from the rents.due to

productivity gains.
Government revenues increase in,this.impact, as corporate
tax revenues. are slightly higher. However, since the impact on
prices has been relatively‘small} the only major change in the
government side is again in transfer~payments. This is discussed

_immediately below.
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With the increase in exports aﬁd net;drbp in imports,
the merchandise trade balance is improved (in nominai_terms) by
$2.3 million in 1980; $83.4 million in 1984; and $171 million
‘in 1990; The implications for the current éccount ba;ancé aré{

a drop in the deficit of $3.2 miiiion~in'l980;‘$96.5 million in

1984 and $l98 million by‘l990; On the governﬁent'side, the‘élight
change in the gbvernment:balance is the result of lower éransfer'
payments. = As theiunemplbyﬁeﬁt rate ié‘somewhét lower in the
"productivity"\case~than in the‘"normal" investment run, transfer
payments-drép by more, and the improﬁement én the‘goﬁernment balance
is‘higher in fhis~"productivity" run.  In'l98p, the government
balancefis $19.2 million above base Césé_levelé;xih 1984,'$120;9v
million higher, and up $204.4 million in 1990.

. Perhaps the most‘important conclusions. to draw from

the results of these two "demonstration" simulations are that:

super-normal productivity gains need not lower employment, as

‘they result in much stronger real growth, and less price pressure

on the economy.. Of course the assumotions are crucial to the

‘impact results and the benefits would be dampened if it were assumed

that all coUntriés adopted the same.téchhélogy. 'ItAisfalso possible
to handle many~bthe; combinations or alternative distfibutién
patterns_fér‘the "rent" which accrues from the new technology;fn

The magnitqde‘of the impact is a function'of:the agsumptions and

és a final note, the readerAié céutioned ﬁhatiﬁhe§e~are demonstra-
Eégg'sihuiations only and are not meant to refléct actual\techno—
iogical"change in either the textilevor‘knitﬁing and clothing

3

industries.
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TABLE 1 Summary Table of the Impact of the "Normal" Investment Simulation
(Impact Minus Base Case)

(millions of 1971$ unless otherwise indicated)

Increment to Gross National -. _.'Consumer ' Total

Investment ~ Expenditure B Expenditure Investment
(GNEXPK) ‘ _ (CZK) {TOTINV)
- 1980 - 13 . . 20.7 ‘ 2.4 , -14.1
1981 : ~13 - ' 44.6 8.1 o 20.6
882 - ‘13 A 65.9 o 12.5 24.9
1983 13 87.5 _ . 15.9 : 30.0
1984 : 13 ©104.6 o 19.4 34.3
1985 » 0 : 85.1 : 16.9 21.7
1986 0 79.2 . 13.2 _ 17.9
1987 -0 69.4 : » . 9.4 14.1
1588 0 1 62.4 : 5.9 ‘ 10.0
1989 0 . - 58.9 - 3.6 7.8
- 1990 0 61.9 : 2.8 7.6 \
w
‘ T
A . Government Personal
Exports Imports - Current Expend. Disposable Income
(XPTTXK) (IMPTMK) (GCURRK) ‘ (YD) :
1980 0.2 -1.7 0.3 4.0
1981 1.0 -7.2 2.5 - 13.3
- 1982 2.4 -15.3 " 3.5 19.6
1983 4.2 -23.7 4.0 24.2
1984 6.1 -29.1 5.1 28.2
-1985 7.6 -36.1 5.3 21.7 .-
1986 8.4 -39.3 - 4.9 "13.9 ..
1987 8.4 -38.7 ; 4.9 8.5
- 1988 8.3 -39.7 ' 4.1 - 3.2
1989 8.1 -39.2 3.5 0.4
8.1 -39.9 3.0 0.0

1990
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TABLE 1 - Continued

Tbtal Economy Manﬁfacturing' } Textile Knitting and Clothingf

RDP (TEY) RDP (MAY) - RDP * (MAOS5Y) ‘RDP  (MA67Y)
1980 ' i9.6 11.4 2.6 ~ 0.8
1981 42.3 - . S 22.9 ‘ : 5.6 . 2.1
1982 64.1 - 34.9 - 8.7 3.7
1983 - 86.3 _ 47.6 ‘ 11.5 5.6
1984 103.6 : ' - 56.8 14.2 6.6
- 1985 87.2 ' 47.5 S 14.3 6.7
1986 ' 82.4 _ : 46.6 : 14.1 7.4
1987 73.2 42.2 4 " 14.5 6.8
1988 68.3 : , 41.1 o 14.7 7.1
1989 - , 65.0 , 40.6 . 15.0 7.4
1990 68.8 43.8 15.0 9.0
‘ Emp loyment: : &
Total Employment = Manufacturing - . Unemployment Rate .?
('000 man-years) ('000 man-years):  (percent) o
(TEET) . ’ " (MAET) : _ (GRATE)
1980 1.0 0.7 -0.008
1981 2.1 1.3 -0.017.
1982 3.2 1.8 ~0.025 "
1983 4.3 2.4 -0.032 , ‘ _ .
1984 5.1 2.9 "~ -0.038 - S _ o , B
1985 4.6 2.4 ©-0.034 S ' :
1986 4.7 2.5 -0.035
1987 4.5 2.5 "~0.033
1988 4.5 2.6 -0.033 o
1989 4.6 2.7 ~-0.032 =
‘1990 4.8 2.9. -0.033 S
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TABLE 1 -~ Continued

Gross National Government | Current Account

Product Balance Balance - , -
(million §) - (million $) : (million $)
" (GNPC) - ' (GOVBAL)" : (CURBAL)
1980 . 40:8 ‘ - 19.2 ‘ 2.7
1981 . . 87.6. . ~ 35.7 - 15.8.°
1982 . 135.6 - 59.8 38.2
1983 _ 190.8 : 91.4 . 66.2
1984 242.7 : ©'118.9 - 87.6"
1985 - - .192.6- 104.8 . 118.2
1986 206.9 122.4 ) 136.2
1987 ’ 212.4 127.4 141.7.
1988 233.8 o 141.7 ©152.4
1989 . 271.6 159.6 157 .4 &
~
!

1990 339.2 - 189.4 ‘ - 168.0
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Table 2 Summary Table of the Impact of the "Productivity" Investment Simulation
(Impact Minus Base Case)

(Millions of 19718 - Unless;Otherwise Indicated)

Increment to Gross National Consumer : Total

Investment Expenditure g Expenditure Investment
' : (GNEXPK) o (CZK) (TOTINV)
1980 13 21.6 -0 2.6 14.2
1981 13 47.3 8.9 21.0
1982 . 13 o 71.2 _ ’ 214.0 25.8
1983 13 - 95.8 B 18.5 31.1
1984 . 13 116.5 23.0 36.5
© 1985 ‘ .0 - 99.9 - 21.5 24.6
1986 0 96.0 : ' 18.4 21.2
1987 0 88.3 , 15.7 o 17.7
1988 0 82.8 12.7 13.8
1989 0 82.8 o 11.8 12.1 |
1990 0 89.0 ’ 12.0 12.3 a
. : ;
o , ‘ : Government Personal
Exports : Imports Current Expend. Disposable Income
(XPTTXK) ' - (IMPTMK) R {GCURRK) . (YD)
1980 0.3 -1.9 0.3 4.4
1981 1.4 =7.6 © 3.0 14.6
1982 3.0 -16.0 7.1 22.0
1983 5.2 ~-24.9 12.2 28.2
. 1984 7.5 -30.7 - 18.9 ' : 33.7
1985 9.4 -38.2 , : 26.3 " 28.6
1986 10.7 -41.9 o o 33.8 - 21.6
1987 ; 11.0 -41.3 ) - 41.7 . 17.4
1988 11.4 "42.8 . 49.1 : L. 12.7
.1989 o 11.6 -42.2 . A 56.3 : o 11.7
1990. 12.2 6

-43.7 ‘ 63.4 ' 12.
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Tabie 2 — Continued

Knitting

Total Economy Manufacturing Textile ‘and Clothing

RDP (TEY) RDP (MAY) . o RDP (MAOSY) RDP (MAG67Y)
1980 20.7 12.0 2.6 0.8
1981 : 44.9 : 24.2 : ‘ 5.6 2.2
1982 69.1 - = - 37.2 - : 8.7 3.9
1983 94.4 51.2 : 11.5- 6.0
1984 ' 115.2 61.8 14.3 7.1
1985 101.6 - 53.6 ' - 14.3 7.3
1986 ' 99.1 - . : 53.6 14.1 8.2
1987 51.3 49.6 ' 14.5 7.7
1988 ' 88.5 49.3 14.6 8.2
1989 89.2 50.6 : 15.0 8.8
1990 95.2 54.6 ' 15.0 10.6 &

| v
_ g Employment: ’
Total Employment - Manufacturing Unemployment Rate
(*000 man- years) ('000 man- years) (percent)

' (TEET) (MAET) (URATE)
1980 0.9 0.6 -0.009
1981 2.1 1.1 ~-0.025
1982 3.1 1.6 -0.049
1983 4.2 2.2 -0.080
1984 5.2 2.6 -0.118
1985 4.8 2.1 -0.151
1986 4.9 2.2 -0.186
1987 4.8 - 2.1 -0.219
1988 4.9 2.2 -0.252
1989 5.0 2.3 . ~0.286
1990 5.4 2.5

-0.320
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Table 2 - Continued

Gross National Government Current Account

Product , Balance - : : '~ Balance
(million §) (million $) (million §)
{GNPC) : (GOVBAL) . (CURBALY
1980 ’ 41.7 19.2 3.2
1981 88.2 35.0 ‘ 4 17.5
1982 134.7 59.5 41.8 ’
1983 187.4 ‘91.9 71.9
1984 235.4 120.9 96.5
1985 / 180.0 108.4 129.9
1986 189.7 127.4 151.0
1987 193.5 134.4 159.1
1988 . ' 211.0 149.7 173.6
1989 - 249.9 171.3 181.7 (.!\
-1990 318.9 £ \i)
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CHAPTER 6

The FeaSlblllty of a Macroeconomic Analysls of the Impact of
New Technologles and the Role of Alternative Government POllCleS

The purpose of the report is to assess the'feasibility

of carrylng out a macroeconomlc analysls of the lmpact of new

technologles. The prev1ous chapters have dealt w1th the flndlngs'

of a llterature'reVLew and of lntervlews W;th_experts; a demon-
stration.of.the way ‘in which‘alternative-"technology" scenarios
could be implemented in a "macro" framework, and rlnally a'
demonstratlon of the type of - lmpact slmulatlon whlch mlght be
run. The basic lnformatlon requirements for a macroeconomic
impact wereAestablishedﬁ.and it was recognized,'in Chaoter 2
that this;information.iS'not readily avallable for anv of the -

technologles under conslderat1on The-technlcalltles of 1mple~

‘menting such lmpacts u51ng TIW are descrlbed in detail in -

Chapter 3 and in Appendlx A, Whlle.no partlcular dltflculties
are ant1c1pated, the fprograms“ necessary to set up a new-

industry in the input/Output Tables, or to adjustvcoefficients,
in the table do not currentiy'exist,‘~This chapter.details‘the
several stages of a full assessment‘of the macroeconomic impact

of new technologies, that is, an analysls whlch is- based on

"factual lnformatlon and which can make use of new lndustrles or

‘changing coeff1c1ents'in the Input/Output Table. However,

part of the "impact" deals with the role,of,alternative govern-
ment policies in influencing the rate of implementation of the
new technologies. The ability of TIM to include_such‘policies is

the first topic discussed here.

iniormedriea . Ottawa, Canada s Effective Economic Research
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Alternative Government Policies

- Government policies éan affect the édOption or rate
of‘iméleméntétion of new‘technqlogieé either‘from’the deménd
" or tﬁe supply:sidé. SeVeral;meéhanisms are_éVailablé to
governmenﬁ‘on bdth sides, and it is possiblé to introduce most
of these'policy changes in TIM. | |
On'the demand side the‘major influencing factor is
the'pfice of_the.new iﬁvestment'(i.e.,technology). Government
qaﬁ,intervene to affect the_prige thfough: (1) changing (ldwering)
tariff and non-tariff barriers on imports of investment goods;
~or (2) reducing or removing manfuacturer's sales tax. Either
measure may be'intfoducgd "acrosé—the4board"gor'selegtively to
achieve-séecific reléﬁive impécﬁs;' Othef meaéureé which:will
‘influence investment ﬁight be expérﬁ.incentives to industries
most likely to purchase thé "new’technology”,zthéreby increésing‘
their potential market, or better information of available_new
technologies. This latter "policy“.représenﬁs.a qualitative
_ rather than a-quantitative factor, and could not be readily
introduded in the TIM framework. While it is possible to
introduée.theéeAkinds of policiesvih'an impact, more spécific
industry information would be’required so that the policy could
be directed to the appropriate industry. In‘addition'aﬁ indepen-
dent assessment‘of the magnitudevof the incentive”réquiréd by
;industry to invest more rapidly wQuld be useful. |
Turning to the supply side, ﬁhelﬁajor concern would
be incénﬁives to'investment'to establish a supply industry.‘

IﬂfOE‘IHCiI‘iCB. » Ottawa, Canada s Effective Economic Research
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~Such'incentivesftypically'include_increased“capital~consumption
lallowance; greater 1nvestment in research and development,

_partlcular tax concesslons to the supplylng 1ndustry once -

productlon beglns.“ In the realm of new technologles, a further
and perhaps more.important 1ncentlve to 1nvestment 1n a ;-

domestic 1ndustry to supply new technologles would be protectlonf'z

. from forelgn competltlon through tarlfl or ‘non- tarlff oarrlers.

However, suchprotectlon would ralse the prlce of the technology

‘to domestlc users and offsets other stlmulus to,encourage‘ B
-1mplementat1on of the technology Whlle one of tne objectlves

. of establishing a domestlc supply industry might be'eventual

oroduction for export markets, some of the incentives For 4nvest—

ment mlght not be compatlble with' Future export of the product,

‘in the current global tradeycllmate.

It is possible to include such pollcy measures in TIM,
but currently not enough speclrlc 1nrormat1on 1s avallable on
the technologles themselves to prov1de meanlngful results 1n

any ;mpact study.

Tasks Required for the Analysis of a
Macroeconomic Impact of New Technologies

It isAclear‘from previous chapters that a macroeconomic
impact of new technologies'is not feasible today, due to the

large gaps in information which exist. ‘This section pProposes

;three-"tasks" or‘projects which would be prereguisite to-the

B

macro impact analysis. New technologies may be "categorized"

by user,-whether'industry or consumer. This is a convenient

Iniﬂrmeirlca Ottawa Canada * Effective Economnc Research
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distinctidn, since it permits a seéaratevanalyslslon the demand

as1de whlch may. lnclude spec1f1c constraints lac1ng thesconsumer
(1ncome/le1sure,t1me) which may not be relevant to industry.
Fromftﬁe intervieiws and litetature review, it appears.tnat tne

~greatest information gap and most uncettainty exists for consumer-

oriented new technelogies;' Thetfirst two of the three:tasks

set out below would be one—time projects’which‘wonld nfovide the

necessarj analyticalvand'nodelling devices to fnlly implement

the assumétions of a'new technology'impact, The sise of the
third task, or set of tasks, would. be a function of the,amount

of detail desired and the number of demand (or supply?)findnstries

to be included in the impact. The estimates of man-days and

costs are rough estimates only-and'should be viewed solely as

‘an initial sizing of the project.

Task One

DevelQp’the.analytical toels or modifications to TIM
which would permit the introduetion of a new (phantom) industry
in the Input/Ontput Table, and which would permit changes to

the coeff1c1ents in the table ThlS would. allow lmplementatlon

of the cnanges dlscussed in Appendlx A. ‘The lntroductlon of a
new lndustry prov1des s1gn1f1eant benefits to the prec1slon of
the analys1s, and the adjustment of I/0 coefficients maj be
‘crucial for certain new technologles, The cost (in l980 dollars)

is estimated as: $21,000.
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Task Two

If consumer use or'purchase of‘new technologies[is
a major concern, it will be important to model the consumer
choice question to inclﬁde the.leisure time constraint as “:
appropriate, in addltion to the ever- present budget constraint..
This woulo llkely result ln a more accurate estlmatlon of the
micro level of consumexr expenditure and thereby provlde‘more

precise information for the macro impact, and particularly for

the secondary impacte_dﬁe‘to relative shifts in consumer expen-

diture (e.g: away from movies.towards video-discs). With. the

expected increase in eonsumers' leisure time, "recreational" or

- leisure expenditures will become a larger or more important

share of the individual'Sbudget, and with,algreater eelection~

‘of goods and- serv1ces, his ch01ce w111 llkely become more compli-

cated rather than less. Re-estimation of the consumer expendlture

"sectoxr" of TIM to include. leisure constralnts is® estlmated to

cost: $25,000.

Task Three

The prime requirement for an analysis of the impact of

naﬁtechnologiesis information on the tecbnologie; themselvesf
In most instacces it is probably more fruitfol to focuslon a
particuiar industry and the:technologies it_will.adopt, rather.
than on a technology and its many ueers,

Analysing.the impact of new technologies by consumers

requires a micro analysis of the new technology in terms of:

Eniormeirma Ottawa Canada e Effective Economic Research
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" consumer's budget; does it require complementary goods'or

‘base for the information must first be established.

.to acquire answers to the questions set out on page ll. Again

 RDP, on inter-industry demands, on wages, incomes, employment,
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where. it substitutes for other goods or activities in the

services; what areé the incentives for the consumer to make this

particular purchase or investment? The micro analysis would

then yield the assumptions for the macroeconomic impact.' The
manner .in which these aSsumptions would be implemented in the

macro framework were set out in Chapter 4, however, the micro

*', - On the industry side, the focus is initially on user

industries. A case study approach is suggested heré, to identify
a particular industry and determine the specific technologies
whiéh_;t has} and is most likely to adopt, and the impact of

theséﬁtechnologieé; .In other words, use anvin—depth case study

this would provide the micro analysis and information for the
assumptions of a macro impact. The micro analysis would identify
the nature of the technology, the amount and timing of required

investment, the impact of the technology on the industry's labour

reqﬁirements, on'its materials input mix, and would assist in
identifying the distribution of "rent" from the adoption of the
technology. This informatioh would provide the basis for the

macro_impact of the technology on the user and other industries'’

etc. Given the minimal technology/industry-specific information
currently availlable to meet the input requirements'of.a macro-
economic impact analysis, each industry study would be a sizable

projeCt on its own if the'results are to be useful.
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These two areas cover the demand side of the analysls

only, and the thlrd saection of thlS task is a slmllar study_of

supply 1ndustr1es of new technologles. This part of the task'

' would determlne whether or not supply industries would be located

in. Canada, and.under what c0nd1tlons. The locatlon of spec1f1c
1ndustr1es 1n Canada mlght well be contlngent on a spec1f1ed |
level of demand however; sens1t1v1tv analys1s" to determlne
the dlfferentlal macro 1mpact of domestlc or Lorelgn sourc1ng
of supoly would be an lntegral partc of thlS sectlon. |

.I Other~studies-currentlyvunderwav,'such as that of the
Technological Change Group at the Ec0nomlc Councwl o~.Canada
mlght prov1de inputs’ to partlcular 1ndustrv case'studwes, or

determlne therelatlve 1mportance of sDec1F1c 1ndustr1es in

Aadoptlon of new technologles, if the industry studies are

selectlve in coverage.«

Each study in Task Three, that is, of'the:consumer

‘demand,bof individual-industrY‘demand and of industrv supoly

is estlmated to requlre approx1mately six man- months olus computer

resources for the macroeconomic 1mpact, or a cost of about $50, OOO

Each study would include (1) a. mlcro analysls, -which would prOV1de

the basis for (2) a- macroeconomic 1moact of the adOpthn of new‘k

technologies . by that sector(consumers) or SpelelC 1ndustry.

The analysis of supplylng,lndustrlesAwould'follow the<sane format.
If_several’industries7were stndied.it'wonid, of course,h'

be pos51b1e to consider the impact of the 1mplementatlon of

- »

several technologles by several 1ndustrles
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CHAPTER 7.

‘Cmmhmﬁms__

In the prev10us chapters it was concluded that it

.would be dlfflcult but feaslble w1th some resources, to,underah

take a macroeconomic lmpact of new technologles rlght away The

_tasks Whlch must be completed before a tenable 1mpact study is.

possible,; were detailed in Chapter 6. These tasksvwouid.serve
to.bridéeathe gaps in existing information and.to proVide the:
necessary lnputs and assumptlons ror a macroeconomlc impact.

However,tdurlng the preparatlon of this report, through"

'~the”1iterature review and during interviews with experts, it

.became obv10us that current thlnklng on the lmpact of" new

technologles and orevrous attempts to quantlry these lmpacts,

were plagued by lnconSlStenCWeS ln tne assumptlons and in- the

results,t The analysls was, for the most part, partlal and the

issue of "rents"‘was typicallv 1gnored- . In many ans,‘the lack
of an lntegratlng analytlcal framework lS ltself the cause for
tbe lack of lnformatlon for a macro impact.. A macroeconomlc‘modei

prov1des such an lntegratlnq framework as lt forces ‘consistency

both at the'mlcro_level in the assumptlons.of the1"parameters"-

of;the-hew_technolo@ies, and in the impact‘of'the‘technologies,

~as derived from the model impact.

In_this respect, the continued use of macroeconomic
analysis infthis area 1s encouraged, even with minimal informa-
tion inputs, as it forces the analysis into a consistent framework,
and should go a -long way towards removing or disproving many ' of

the contradictory and speculative assertions on the detrimental.
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impacts which_"will" occur.. Static orapartial'equilibrium‘
analysis only gives part of the impact, and to date the focus
of the-discussionohas centred on.such.impactsu Extrapolatlon ofv
these'results clearly leads.to contradictory conclusions, and
unacceptable impacts and policy dilemmas. The usefof macro-
economic analy51s forces conSLStency and allows svmultaneous
conSLderatlon of alternative policy measures to influence the
adoption orpimpact of new technologies. |

o _ Thetcosts of,ggt adopting‘a macroeconomic framework
for analYSis_woﬁld appear to be considerable, in terms-of‘the

uncertainty, the inconsistencies and the speculative nature

of other assessments. For that reason,'even an imperfect approach;

uSLng less than the optlmal lnformatlon on new technologles, but
.using a macroeconomlc framework, would appear preferable The
tasks_set out in Chapter 6 have been staged Sle) that each task
williindividﬁally contributecto.the understaading of new technolo-
gies, and (particularly for Task Three) projects may be‘undertaken
independently of each other. In. all cases, the use of a4 macro- |
economic framework’will assist infintegrating assumptions and

providing a consistent approach to the issues.
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An Implementaﬁion‘ofvExogenous Changes in an Input/Output Submodel

Within the structure of mOst-lerge-aisaggfegatedf
macroecenomlc models (such as TIM, CANDIﬁE) a major eomponent_
is a set of SLructural equac;ons developed rrom the lnput/output
model of transactions in the economy . Typlcally, thls lﬂDut/OLuput.;

submodel serves two key functions. First, it convertsfreal expendi-

ture (i.e. denominated in COnstant dollars)‘of final goods and

services (i.e. C+I+G+X -M) lnto requlremenee.Lor-ggii-outout (also
cdnstehf.dollars); Secondly, estimates of Llnal demand prlees,e
consistent.with the value of that realeoutputyiare derlved;

| Cenerally, because'of"lack'oftdeteiled, cohtinuous twme
eeries inf ormatvon,,ehe structure_efeinput/ouﬁpﬁf reletioﬁships

is assumed. to: oe conseant over ‘time. nOVever, it is possible to

‘deFlne a set of _eaSLble changes to those re elati onships (i.e.

vostulate a change in the . lnput/oueput structuee)-aﬁdfusing the
power of a»large\model, analyze the resultlng macroeconomic and
sectoral impacts. The purposs of this Appendix is to outline a

1

method7for such analvsis. Section A provides an:outline of the

_lmD1ementatlon o;vtne lnput/output SYSLem in TIM.- Seetien B looks

at the tvoes of changes in: the lnpue/output relatmonsnlos that
might be'conSLQered, and Sectlon‘C outlines the lncended ;mplementa?

tion of these changes.

Eniormeiricé . Ot awa. Canada s Sffactive _cor‘omc Sesaarch-



A. The Input/Quput Model in TIM

To define the implementation of the input/output (I/0)
submodel in TIM,; a definition of the components, in matrix terms,

is réquiréd. This portion of the section is based on Waslander

(l975)%/ In the basic I/O'systemy the following matrices are
defined: |
y = vector Qf.domestic net output by industry
g = vector of domestic gross output by industry
g = vector dfldomestic gross output by commodity
£ =Jvectof,of final demand by categuryu
i= véutorvof intermediats commodity :equirements
e = vecuor of final'demand conmodltv requ reﬁenﬁs‘
B = ihpuél(use):matrix - commodity by lndusﬁry.
: - (input requirements for a unit of output)
E = éonversion'métrix - cummodity compositiun of £
Aﬁ = output (make) matrix ~'marxet'$haré matrix -

proportion of commodity output produced by
each industry.

" Both B and E are‘partitionable into three submatrices each: an
intermediate portion (Bi,Ei); a orlnary non- value added (ch1erly
taxes and subsidies)_portion'<B**,E**); and a value-added

(i.e. factor-incomes) portion (B*,E*).

1/ CANDIDE Project Paper No. 18; CANDIDE Model 1.1, Volume I

edited by Ronald G. Bodkin and Stephen M. Tanny, Economic
Council of Canada, 1975. Chapter 10 "Secters J and R:

The Input/Output Submodels” by H. E. L. Waslander with A. Syed.

-
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.The deﬁivatién of the I/0 étructural idéntitie§~¢an be
viewed.as.beginning with the simple équivalénce Qf the(sﬁpplyx
énd‘diSposition of'commodiﬁiés in the*dOmestic economy.  Using.
the notatién above; this can be expressed aSA |

(1) g=1+e o
However, B, and'E£ have béen:défingd:such théﬁfi

o (2) e = Eif

(3) i = B9

(4) g = Dg
For ﬁhé yvear of -definiton (1971 for TIM}/ equétions (2) throuﬁh _.
(4) are ideﬁtities.. Beéauée the ultimaﬁe gdal of th§~I/b‘systeﬁi
ié the £raﬁ$léti§n of finai demand kf)'into industry butput égjf
it is possible to combinevthe foﬁr.équations to obtain

L (5) g = DBig + DE,f N
This gives a set of simultanéous equations,'one for éaéh industriai.
sector (78 in TiM). Thus, output reqﬁirémeﬁts for a given industry |
are simply,théisum of : outéut reéuifed'to saﬁisfy final demand and
output.required to meet.thé inpuﬁ requirements~ofvall.other
Sectors. Within TIM, this.set-of structﬁral simu}Eaneous”equations

is solved in the same manner as (and .along with) any other equation

in the model. -However, in TIM, the measure of industry output used

is Real Domeéstic Product (RDP, i.e. real value~added) by industry.

The measures are defined statistically as the differénce’between
the value of gross output for an industry (at constant prices) and.

the value of all intermediate inpﬁts (also at'cdnétant brices).
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In thé'base~year (1971) RDP or net industry output is defined
by the identity: |

(6) y = B*g ‘ o (B*.is a diagonal;matrix)
Because of. statistical andvstructural differences ovér.time,
y (net industry output) is only an estimate of.RDP3 Theréfore,
within TIM as in all other similar models, a sét’of_sfochastic‘
_equations ié used Eo adjustithe vaiues of y, obtained withiﬁ the .
I/0 system, ﬁb‘equél Ehé RDP valueS'required:in_the reét of the.‘
modei(

To &evélop an_equivalent'médel for prices, the'folloWing

row vectors of prices must be defined:

5 \

Py = domestic value-added price
”Pg = pri¢es of gross,industry outputs (i.e. ISPIs) .
Pm = price of imports (by category)

il

P, price of final demand (by category)

To simplify the development, the role of indirect taxes and subsidies
(non-valued primary inputs) will be ignored for now.: First} it

should be remembered that industry gross output is defined as:

A7) g = qBi_+ 12

That is, industry output is the sum of intermediate and value-added
output. By analogy, it is possible to define a similar equation

for industry prices as:

"(8) P =P B, + P B¥
g g 1 Y




.-S- .
This eqﬁatiqn defineS~thé.industryfgross output pricé (analdgous
to'industry‘selling‘price indexes dr ISPIFS) as a welghtad éverade'
of interhediaté andjvalue~added prices}vwhe:e thejweights are
defined by the I/O_struétureit By analogy ﬁo aquat;on‘(4), it;is’~A
possible to definé“aﬁ equation for thejpricé ofndomestiéaily— o

produced  commodities.

(9) ?qd =7PgD'

-However, in an opéﬁ économy éuch as:Cénada“s;impofts-aréian imporgant'
substitute'for'dbméétic production. Therefore, if we define M.asl

the portion of Supply for doméstic donSumétioh provided by-importé,
we arrive at afdefiﬁitiOn for the a&erage‘commodity Q:iceAin‘the‘
domestic.ma:kat as' N o |

(T-M)

t
?:
(@]
il
g
=
‘.
e

q Plt ad
"As above, Qe ére léftvusing'Eqﬁations (8)) (9) aﬁd (10) with a
simultaneous systsm frbm‘wﬁich‘it islpdésibie tbvelimiﬁate the
commodity dimension, by solving for'Pé aﬁd‘by defining an industry

. / ‘
equivalent of P. as P_*,
o m m o

Thus we arrive at

o)

. 2 .

= * . * —
(11) Pg liPYB _f DB(MPm = (I-M)P

Finally, estimates of .final demand prices at the category lavel
can be defined as

(12) P = (Mp_* + (-M)®_) DE"

D o '- o _ ..~
where E- = domestic final demand converter. submatrix.

»

Within TIM, indirect taxes (paid by industries)and
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subsidies"are introduced by’adjusting Py in equation'(ll) and
~ by "adding on" final demand‘indirect taxes in the definition of
ﬁf in equation (L2). |
| ‘Thus within the TIM implementaton of the I/O system,

the'structure is‘defined by the Simultaneoqs_system of.equations
to derive,groesloutput (g, eg. 5) and its ;rioe (Pg}veq. 11), and‘
some additional identities to derive,estimatee oﬁinet industry
output (i.e. RbP, y, eq. 6) and final demand prices (P,

- From these equations it can be seen‘thet two Key I/O

eq. 12).

matrices are involved. These are:

1) DB - industry-by-industry technology_matrix
' (82 x 82 - intermediate portion)

) DE - industry by final demand Category -
converter matrix (82 x 216) :

The dimensions of these matrices in the current TIM implementation
are shown in brackets. The matrices are treated in this fashion
. because the components (D,B,E) were not avallable separately due

to confidentiality restrictions by Statistics Canada. The-remaining

sections of the Appendix Will focus on the implioations of changing

these matrices. : , S _ -

'As outlined above, the key structural relationships in the l

B. Changing I/O Relationships

I/0 system involve two matrices, DB and DE. iThis section will

consider the implications of change in either or both of these matrices.

anﬂrmcirica * Ottawa, Canada » Effective Economic Research
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'1971; 30.7% of the'output ofvthe rubber and plastics industry was

S if relatively more auto parts are made out of plastic, this would.‘

‘and a proportional decrease in the purchases from the oarus indusrrv

Hniormeirica s Qttawa, Canada « Effsctive Economic Resaarch _

To produce a unit ofuoutputf firms.within a given industry
must‘supply-capital and labour'inputs'(value-added) and must utilize

inputs from other industries (intermediate requirements).' Thev-

ltproportion of. each of these iuputs used to produce a s1ng1e uniu of
.output is deFined by the DB matrix (in coerfiCient Lorm).f The
-_intermediate.portion_of this matrix is.square with respect.to-indus?
"tries A column in the DB matrix represents the: rec1pe for. oroducing

. the output of a given induStry

' Changing the materials input mix

The economic implications of changes to DB nust be discussed:’
logicallv in-uerms or its two component commoditv ov indusury matiices,f
D_(make) and.B.(use).':A logical4change“uo D is required i:.the~nature

- of joint production at the industry level changes. For example in

tires and tubes and 8.1% was motor vehicle parts (presumably plastic).
This-output of parts represented on1y 5.1% of total parts_output_in_'

the Canadian economy, and 3. 3° of parts usage. In ‘some rutuie vear,

imply~a change in-the:market share matrix D. £ the proportion~of,‘
partsiin theetotal.value.of'the car remained unchanged}'no‘change

would be'required to B. Within DB, such a change would be refTected

by a proportional increase in the purchases from the olaSuics industrv

’



However, such a scenario also_implies a change in DE if
scme portion of these_new>plastic parts-are going to be iméorted
as'autcmotive parts."Thus} in~intrcducing technological change,
it is necessary‘tO'identify which of TIM's industries éages_the'
product in question. - ' | . .

An alternative_scenaric of change in the I/O‘structure
is that the recipe for auto.parts manufacture is aitered. In 1971,
for every $100 of output[ the parts industry purchased $16}26 from
the iron and steel industry, but only $0 04 from the chemlcal indus-
try. If the parts recipe changes, and manufacture within the parts
industzry moves tcwards‘more piasticvparts, there Wlll be a oropor—
tlonate change ln those’ shares to. reflect more usage of resins. and
less steel . This ls~equlvalent to changlng B; However, lnstead "«
of changing the recipe fcr'making autos, now only:the.recipe'for
making parts is.changed. | |

| In order'to_implement»such technoiogical changes; new
investment might also be required. In'i97l out'of every7$loo'
investment in machlnery and equlpment ln the automotive lndustry,
only $6. 87 was spent on electrical products, but $l8 96 was spent
on rallway rolllng stock Obv10uslv, at least for the time perlod
requlred to implement a technologlcal change, the rec1pe for
machinery and equipment investment by the transportatlon equ;ément

sector might be different. This implies at least a transitory

change in E and hence in DE.
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Introducing a new industry

An alternate change in the I/O structure is to introduce .

a new commodity (product or service).. Asian example, consider the

introduction of a new business service such as (partial) electronic
funds transier at the retail level | Such .a SeerCe might‘oe part
of the package of services ofrered by the business services sector
However, lt would be psed by only some of the.normal customers of
that industry. Also, it would have a substantiaily‘difﬁerent_f
. production recipe of input requirements as'compared to other types
. of business services. Average adJustments to’ the D and B matrices
are clearly possible. However, such' an implementation approach
weuld result in a number Sf-anemalies ' For exampl the construction
or-SlOO of dams results in a requirement for $8.03. of buSiness seTVice
output. However, none of this requirement would be likely to include
the EFTS component and its production requirements ;Yet, average - -

changes to DB would result in such spurious results.

When such highly specific techndlogies_are postulated,

a more appropriate apprdach is to ereate.a new indﬁstry which supplies
this product, EFTS. This is analogous to adding avnew row in‘DB and )
DE and a new column in DB. For accounting consistency‘in the_model,
its value—added could be aggregated with business'services. However,
in all other respects, it would be an independent'indtstry.

Such an introduction would require the definitiop of an

appropriate recipe for EFTS (i.e., DB column). Also, adjustmehts,,

to the recipes of purchasing industries would be required. - °
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An appropriate change might be to split thé.original business
service coefficient.and allocate some portion to EFTS. Perhaps
value~-added might also changé.

J Additionally to reflect the specifics of the investment .
program for the implementation of such a change, a separate final
demand ipvestment categbry(ieS) woulé orobably be advisable.

| The major advantageé of being able to make ﬁuch specific

structural changes to the I/0 system can be readily seen in the

equations'of Section A. First, greater consistency of industry
output ﬁhrough.appropriate inter~industry'respbnses is obtainedf
Secondly, parallél consiétency invthe formation of industry and
final demand 'is obtained. Such c5nsistency is impbssible to obtain
in-any'other’environment; Thé ad&antage of that cohsistency‘is ﬁofe
appropriate macro- and séctoral—responses in ilnvestments, pricés,

"other final demand, and all other aspects of the macroeconomy.

C. Implementation Specifics

The exaét mechanics of the implementation will depend on
the>complexity'of the required changes to the I/0 system and on the
desired ease of use. The following outline of proposed capabilities

cduld be considered the minimum (eaéily) achievable set:

A) Reallocate a group of existing row
coefficients subject to a column
coefficent of 1.0 and perhaps a group
constraint of the original coefficient
sum.
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B) Direct a portion (level or share)

of an existing final demand category .

to a specific recipe in DE.

C) Define aAhew industry (i.e. row and -
column addition to DB and row addition
to DE). ' ‘ ’
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