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Abstract

[

P 1

, In raccnt‘yairl the rapid growth in -thn demand for clec:z"onic éroductl

- and technology has led many couniries to designate the electronics imndustry -

as a strategic sector, Motivated by a perception that a presence in elec~
tronics is somshow crucial to future industrial rerformance, govermsents

of producer countries have frequently intervened in the emrki_t to support e

‘ domestic manufacturers through protection and the provision of larée R&D

. A
subsidies. Despite the popularity of thesé mseasurss there has besn little

in the way of economic analysis to support the degree of intervention which

has taken place. This study attempts to provide a much needed -\cononic

analysis of issues which concern appropriate public policy for the Canadian

-

electronice industry, with particulsr emphasis on ttade and R&D.

. 3

Y

en de'miétcn nnées, a2 croissance rapide deﬁln demande pour les

produite et la techmo ogie électroniques a smené plusieurs pays a dasigner

ot

1'industrie de 1'@lectronique comme §tant ‘un secteur stratigique. Motivés

. . par 1'intuition qu'une pré;enc'e ‘dans 1'électronique est en quelque morte

. décisive au rendeihent industriel fptur, les gouvernaments des pays producteurs
v, .

sont fréquemment intervenus dans le march@ pour supporter les manufacturiers

. loca;;x en adoptant une politique ptotccsionilpe et en accordant de larges

subventions pour la recherche et le développement. En dépit de la popularité
- de ceés mesurés, 11 ¥y a eu peu d'analyses &conomiques entfeprises pour supporter

le degré d'intervention qui’ avait lieu, Cette . &tude tente de fourni¥ une

'

analyse &aconomique si nécessaire des issues concernaut .une politique géuveme-—

-

, @

mentale approprieée pour 1l'industrie de {l'ilcctronigéue, en accentuant 1'aspect -

commercial et le domaine de la recherche et du développement. ,
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INTRODUCTION \ ™~ ;

.

The recent growth in the do-utlc‘g‘roduction of electronic componhents
-ami\cnd-@rod,uctl has drawn attention to the rapid evolution of high
technology industries in Canadian mufnetufing. 'Many saticipate that
these industries will become increasingly important in the future
and should therefore be given cﬁecial support. P:op?npntl of intervention
point to the extent to which other ceamtries, have supported their
Egc}ggtriu, not'ably through public procurement ‘ind R&D subsidies. They
argue 4t1:nat}rthe Canadian governn}ent must provide its electronics industry ‘
with comparable support if domestic producers are to compete
effectively it internacional markets. ’

L:.m such interventionist policies be justified on e.ccnonic grounds?

a

In addressing this question the following study provides an analysis of

the electronics industry's development over the last decade ;nd° evaluates

H
1

policy options within the context of achieving the gruusi: net social
2

t‘\—henefitu for Canada, It is argued that the adoption of policiles which

caJ:l for extensive interventiom in the {ndustry is unlikeiy to produce i

significant benefits for Canada. This is particularly evident in the

area of trade policy, where the size of the domestic market in relation

to minimum efficient scale émpha;izes the urgent need for trade

Jéberalization. Nevertheless, there may be scope for some intervention

in the form of public subgidies, loans and/or equity investments to ensure

that firms allocate the socially optimal Ievel of resources to R&D. N
Chapter 1 sketches the major features of the industry's recent

structure and performance, noting a number of trends whic?x suggest

increasing rationalization. Chapter 2 pursues the ti:ene of rationalization

@

by providing case studies of structural adjustments in two industry

Q.ubf'bectors and examines .the influence. of trade and government policy
H

»
!
4
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on specialisation. Chapter 3 daﬂ with the dasign of sppropriate

trade policy. A principle concern is ﬂh%tlﬁr eomidcrntiona for auu"
nf!icimcy indicate a need for uctoral trade liberalizatioh: . This
entails an spsessment of tbc cppliccbili;y of infant indnttr; prot.ect:lon
.to the various sub-sectors of the lactronica industry. m sctj»pg

md effectiveness of R&D policy is addressed in Chapter 4. The mlynis

. suggests a rationale for intomntian bued on externalities and risk

bearing. However, it raisss questions concerning the effectiveness

of subsidy programs in light of the results bbtained from sn empirical

b

+ i s

s

( )
investigation into-the determinants of R&D spending by electronics firms.
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@ Technical Background

°

Electronics covers a wide array of products and processas which

e

involve a controlled flow of electrons pul?g throughl s specific
\ v

medium or vacuum, Within the contcxtﬁ{ of this broad definition there

are two separate categories of electronic goods, one based on digital

Al
circuitry and the other an analogue circuitry. :

Analogue circuits are found where wave signals require

amplification.as is the case in radios, televigsions, and until

recently, telecommunication equipment designed for voice :{uu-niu:lon.

However, with the development of semiconductors, analogue circuits

have been w'idely replaced by digital systems and the technology is no

longer in the mainstream of modern clectron:los%‘

Virtuslly all of the major inmovations in electronics over

the

last three decades have involved the successive miniaturization of

digital circuits. In digital electronics the flow of electrons is

3

manipulated to produce a sequence of elsctronic pulses. Thase pulses

are encoded in binary digite and thus canviy digital information

example, the presence of an electronic pulse may be denoted by a

. Por

one binary digit whereas the absence of a pulse may be designated by

a zero digit. Through regulating t flow of current it is posniﬁlc to

alternate the frequency of pulges and produce different signal

sequences. 2

The development of digital ¢ireuitry and microelectronics is

bhsed primarily on the discovery\of

o

a device (mAde generally from silicon) vhich, depending on the level of

a

semiconductor. A semiconductor is

! el Ly
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() ) ’ voltixc, can act as either an insulator or conductor of curreit..
Originally, semiconducters tnre di:cret.e' components which had to be
intérconnectad to form a complete eircuif. Later ‘developments in
phot?lithogrlphy (the planar process) enabled complete microcircuits

to be 'baked' omto the surface of small silicon wafers. The resulting

. -
integrated circuit eliminated the difficult- problem of manually

K

[T SRR

interconnecting separate circuit elements (i.e. transistors, rectifiers,
capacitors etec.), thus permitting further ministurization of these

components,

Integrated circuits are produced from the fabrication of silicon

, A
b e s e St
»
*

wafers. When divided, a single t;afer may contain as wmany as 175
separate integrated circuits. This limit {s ut"by the purity of,
ai’.ucon crystals vhich declines as the wafer exceeds a certain
(. ) “ mx:{mm diameter. Once broken into indiviglual integrated circuits, ti\e
gilicon chips are enclosed in a ceramic or metal casing‘ and then
i attached tq small wires which connect .them tr; an external power oourcez.
r Both the efficiency and capacity of an integrated circuit are a
function of the dimc;sions of the circuit’s conpc;nentl. Although the
speed at which electrons travel is a constant, the time taken for a
signal to pass through a circuit 1is variable dopiqtiding on the area of
i . the circuit. Smaller components reduce the distance througl which the
current must pass ‘md’ thus shorten the time in which the signal remains
in the circuit. In addition, miniaturization facilitates a greater
circuit density which otherwise is ul:Lni‘ted by the maximum disensions

of a chipa. For these reasons, efforts to reduce the cost of electronic

[
- Jp—

functiona have focused on the minfaturization of components. In recent

I
-
-

years this has led to techniques for medium and large scale integration

. 3
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which have resulted in integrated circuits with a capacity of 64,000 ;'
1Y 3 , . . ] . i
bytes (binary units). As the precision of photosngraving technology’

apprbaches optical limits, lasers and other technologies inwolving the

use of non-visible vnvclcnsthsﬂ of light sre being employsd to further
reduce circuit dipennion-. These developments unlderlu the achievement of
very large scale iptegration a-»ci-tg with mtegrnted‘circuit-‘ with
capacities of 256,000 bytes. It is believed that the introduction of

these circuits will open up new frontiers for the application of

electronic techmology.

o

? - P
INDUSTRY STRUCTURE

An Qverview of the Cenadian Industry

The electronics industry is so diversified that it ia ncz( possibile
to identify it by a ;ingle product group. Consequently the industry is
not contained within a single industrial classification, It 1is, instead,
scattered across a number of SICs, principally S1C 318 (0ffice and
Store Machinery), SIC 334 (Hougehold Radio and Television R.cei"nr-) and .
SIC 335 (Conmmicifiotxs Equipment). This coverage in itself ia »

e
inadequate. Non-electronic and electromic goods are frequently lumped

together and vital distinctions between different categories of electronic

goodi are obscured by aggregation.

An slternative approach toward the statistical delinestion ah

of the induetry is to work with ICCs (Industrial Commodity Clusifihcltim).)-.
Five sub-sectors within the electronics industry )have been identified ) L
on this basis; telecommunications, computers and other electronic

office equipment, consumer products, components and electronic 2
instruments and systems. There are two problems with these dats that merit

attention. Pirst, they contain information primarily on trade and exchange,

not on production, employment snd productivity which is instead found in ‘e

- =
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the SIC data. It is extremely difficult to integrate the SIC and
ICC data into a common statistical framework. Tharafore at times
1t will be necessary tq vefer to each one of these data sources

separately. A ucon;l. and in the long-run -oic serious problem is

.that product distinctions 9“:: which the sub-sector typology is based,

are rapidly becoming obsolete as technology changes. For example,
telecommunications equipment and computers axe no langcr as sharply
differentiated as they once were and will become less so in the future.
Similarly, distinctions between eélectronic systems equipment and sub-
system components are often arbitrary. In spite of these drawbacks
with the existing data it is still possible to describe the | )
industry's structure and performax;ce. It is useful, however, bcff:rc
censidéring these features to ‘provide an overview of the organization
and conpositibn of the Canadian electronics industry.

. The cumpqis:ltion of th; industry is shown schematically on the
following page. The industry consists of a components sector and
s variety of electronic ét;d-product sectors. It is often argued
that because of its centrality, components are strategicslly positioned
within the induttryl‘. The linkage between components and all other
branches of the industry suggests that techmical change epbodied in the

design and composition of components affects the cost and techiplogical

characteristics of electronic end-products.

Components encompass a wide spectrum of heterogenous produdty ranging

from discrete semiconductors and tubes to integrated circuits. e trend

»
in recent years has begn tovard customized components designed to
]

perform particular functions for specific end-products. Associated with

customigation, is the t‘end“gncy for end—users to manufacture their own micro-

electronic chips.
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A Schematic View of the Electronics Industry v

-

COMPONENTS

— discrete semiconductors
- integrated circuits

4

* - electronic tubes )
CONSUMER PRODUCTS TELECOMMUNICATIONS COMPUTERS AND OFFICE EQUIFMENT INSTIMENTS
- televisions -~ telephone equipment . - scientific measuring
- radios - satellite transmission - mainframe computers and comtrol equipment
- tape recorders ~ cable systems - microprocessors - industrial proiess md
- skated equipment = mobile telecoms -~ calculators control equipment
- saierowave ovens - fibre optics - mini and micro ~ robotics
- elmetronic video games - radioc and TV computers
broadcast equipment - - word processors ) :
- microwave transmission - electronic typewriters
¢
& ; & - +
ELECTRONIC SYSTEMS %
- marime, sircraft and traffic control gystems
- pipeline and electric power traasmission sad
distribution systems
/ . - defense and aerospace systems ¥
o ;
. S —— TR T iR : T
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Component production in Canads is minor by world stehdards. There
is no longer a nj';r component firm 1{ Cmdls. Bowevar, there are a
number of small firms in the sub—sector that produce highly specialized
components which are sold to both dug:atic and foreign smd-product
mlnuflctu;:erl. Fuz:thamrc, some of %mdn'l major telecommunications .,
firms manufacture their own integrated éircuitn and have made important -
techpolo_gical innovations in this lru6.

Telecommunications represents one of the more important .pélmum
of alcct‘ron:lc components., ' The telecommunications sub-sector is by far
the most significant segment of the Canadian electronics industry and
contains its largest firm, Northern Telecom. The sub-sector covers a
vnriety of products includipg phone systems, satellite and microwave
broadcut-tranmﬁ'cion systems, mobile receivers, navigation equipment
and defense related communication equipment. Canada is a world leader
in telecommunications-technology; fims in.this sector are ujo‘r exporters
and are among the fastest growing in the counmtry.

c;udn"s strength in this area of electronice reflects a long-
standing specialization in telecommunication technology and a sig-

nificant increase in the electronic contené of that technology. Canada's

geography, marked by the distant -cpaution-of population, has compelled

the country to be at the forefront of long distance communication technology.

In ;cant years this technology has increasingly involved the npplicatio;l

of microciectronics and & concomitant shift from analogue signals to digital

¢ . .
ones. This 'has led to the replacement of electro-techanical switching

devices by specialized large scale and very iarga scale integrated circuits.
I, is alsc leading to the dissolution of distinctions between the tele-
r\;'nmumicationn industry and the computer industry since systems designed to

;carry digital signals are suitable for both data and voice trtuuiniqn7.

gt mmma - m e € mow yan o v e s o « a m e
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Oo-g\\xt’r- ste one of the wore traditional aress of slectronics.
Until rlcc;xtly, because of the cost and inflexibility of mainframe .
computers, their u-'¢ wvas restricted t;: a relatively narrow i‘u;;n of
data processing functions. However with the development of micro-
processors the cost of most computing functions dropped dremt:l.cally
and the range of activities which computer type machines could handle
rose. . The transformation of the computer from a costly end-product to a
miniaturized chip has led to a new generation of electronic office

&

producte which compliment and in many cases replace mainframe computers.

Such products include electronic typewriters, word processors, yulni and /
]

micro computers, intelligent terminals and programmable copying machines.
Although Canada does not have an indbenou- mainframe industry, there are
sone domestic firms which are highly competitive in some of the new

electronic office products such as word processors and intelligent

terminals. 2

-

Potentially one of the mostj—ﬁnportmt ureas of electronic application .,
is in mnufacturin1 and resource industries. The extemsion of electronic
intelligence to cow;ntioml industrial equiphent enables far gre;tar;
precision in the monitoring and control of ind;xstrinl procegses. The
impact of microelectronics on ifidustYial productivity has been widely
recognized and both the use and production of electronic iggiruments 'y
have been encouraged by a nimber of government programs. It is dif.ficulvt to
;mar:lze the product composition of the instrumehts sub-sector because
it iz so extensive. However, some of the applications of electronic
instruments in Canadian industry include msterial handling systems in the nining,
steel and cement industries, process control systems in steel and pulp )
and paper and gecphysical ‘survey eqnipment: Although iiformstion is

scarce on Canadian ‘nsnufac.tutiu capacity in these areas, there 1s evidence

:
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that in c:t‘tlﬁl Tesource based activities such as lumber productiom,
Canadian firme have developed important slectronically cpsrated mechine
toolca. \

For ltatz.stiul convenience slectronic systems have baen mclt;uhd
in the inetrunents mb-;cctor. In reality electronic systems represint
a composite of diffctmé sub-sector products, combining elements of
telecommmications, computer and instrumentation technology. Electronic
systems are now widely -plcyo;l for dealing with complex monitoring and
simulation problems that arise in air and marine traffic control, rapid
transit systems, gas and electric power distribution networks as well as
in a number of defense and aerospace uppliucatiom. Typically electromic
:ysFm involve the integration of a number of highly specialized
products and fo;: this reason syster sales frequently involve a consortium
of firns 1inki;d together through sub—contracting. There are a number of
Canadian firms \which produce state of the art components for electronic
systems which are competitive in world markets. However, there is mo
single Canadian firm which has the o.pmsity to produce an entire system
such as a harbour control system and there has been some difffculty
in organizing consortia to bring togethﬂ" varioull sub—system pgoduccrag.

The remaining industry sub-sector, conn?n products, consists of
televisions, radiocs, tape recorders and other home entertainment
products and household appliances. Unlike other sub-sectors, consumer
products rely largelyuon analogue circuitry and thus have ;&ined on the
periphery of the many technical advances in digital electronics. For
example, the cathode ray picture tube in television receivers 1s one of
the last remnants of a largely defunct: tudbe technology, rendered
obsolete in most other areas of the industry by the development of semi-
conductors. Thus in some respects the sector has beem isolated from the

nainstream of the industry and this is reflacted in the prices of

ot e e s
- > -

P,




consumer products uu’uw to the secular decline in the price of all
other electronic products. Howaver, racent developments in semi-
conductor technology, involving very .lar;c scale integration and liquid
crystal displays have advanced certain products such as television o:lto
the threshold of digital conversion. This branch of the Canadian
eloctron)ics industry has undergone extetsive restructuring th:\oughout the

last decade. For the most part it consiats of subsidiaries of large .

multinational firms.

- INDUSTRY STRUCTURE

By international standards the Canadian market for electronic preoducts J

is comparatively small, mesasuring only one tenth the sisze of the American

* market and one fifth the size of the Japanese market. Donoti\f: consumption

of electronic g‘oodl in Canada has grown from 1,5 billfon dollars in 1970 to over
4 billion doliars in 1978. This increase represents an average annual rate -

of growth of 13.8%. A brealdown of the domestic market by industry

sub-sector is shown in Table 1. Areas of rapid market growth include .
electronic instrumentation and computers and other electronic oféice

equipment. Th; latter has nearly quadrupled since 1970 and has replaced '
telecomunications as the largest segment of stic electronics

narket,

In interpreting dats expressed in nominal dolla.ru,g it ‘i:

important to note that the prices oénost electronic products during the .
1970's have eititer dropped or increased at a rate significantly less than

the rate of inflation, Unfortunately indusiry selling price indexes are not
svailable at the desired level of aure;'atibn. Nevertheless, it is reasonable

to assuse that nominal estimates understats the real growth that has

»

‘et . ﬂ‘ ;EL:‘W o Lo R -

. A < -,.‘1

W — e—




10

4‘4 occurred in the industry over tha last decads. ' oL
‘Marks centrat

As of 1975 the industry contained 712 firms, ranging in li;. from
annual sales of less than & million dollars to sales of nearly ome billion. .
The vast majority of firms in the industry are cxtrucly lull in relation ’
& the size of foreigm coqutitor‘. sany of wvhom are ‘widely diversified .
myltinationals. Firmms with annual sales of less than a million include
nearly 70X of the total number of firms in the industry although they
account for only 3% of industry shipments. This contrasts sharply with .
the‘contribution of the sector's largest firm, Northern Telecom, which
accounted for 30% of industry sales. However, in an international context
Northern Telecom would be ranked as only s moderate sized firm.
2 " Concentration ratios derived from the followini size distribution
. of firms in the industry suggests the presence of a loosaly oligopolistic
structure, with the eight largest firms accounting for 51X of industry
salps. In view of the industry's wide exposure to trade, concentration
figures may not nocun.x;ily reflect the market power of larger domestic
firms. The potential for -oaopalintic pricing among the industry's eight
iargut firme is mitigated by the threat of potgntial increases in the lnv(nzl

of import penetration of the domestic markst. Moreover, the sxport intensity of

the industry, particularly smong its larger firmse, enables cmtitive

forces in intarnational markets to affect firm pricing practices in the i

domestic market.
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Table 1

*

Estimates of Apparent Domestic Market for Electronic Goods in Canada 1970-1978*"

o

{(millions of dollars)

Sector 1970 1971 1972 1973 1974 1975 1976 1977 1978 AACR (T)

. 4. Telecommmications 442 380 544 631 675 827 834 938 831 10.1
Conpumer Products 311 369 515 573 603 511 615 S48 611 10.0
Components 335 388 K06 495 619 473 581 582 748 11.9
Computers -and 370 420 - 532 547 677 761 886 938 1275 _17.2
Office Equipmeng -

Instruments & Systems - - - - 103 152. 167 . 203 241 24.5 .
A1l Electronicet* 1458 1580 2020 2256 2822 2907 3240 3439 4003 13.8

* Apparent Domestic Market =~ Shipments + Imports - Exports -

Y
#% Market size estimates for All Electromics were determined on a SIC basis and éxceed the mum of sub-sector
markets. The discrepancy is due to the fact that not all of industry shipments could be identified as
shipments of specific ICC products which form the basis for sub-sector astimates.

Source: Statistics Canada; Catalogwe 31-211, 65-004, 65-007, Canadisn Electromics Eugineering.

[2Y
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Amusl Sales M. of Firss  Iotal Sales X of Tovalfeles

. ($ niltons) ($ millions) : .
200 - 1000 1 : 971 30
50"~ 200. 7 680 21
1- 50 213 1508 46

L0- 1 a9 % _3
n2 32%0 100

Source: m Caudia !hctmic- Industry~Sector Profils,
3 ) oemezce. Data includes the menufscture
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Intsgration
. » : Y
With the exception of a few telsc ation firms, there-is

ralatively litctle %rtu‘} integration in the Canadian electronics Mﬁntry.
Conpmii- such ‘.. Northern Telecom and Mitel hnv; developed in-house
component divisions vhich produce specilized :l.ntegrntc(i circuits for their
telecompunication cquip)-nt. Northern Telecom is also divectly linl;od

to Bell Canada which_ is by far the largest domestic user of such equipment.

The absence of more widespread integration in the industry contrasts

-

sharply with industrial prnctfcu in other countries. In the United
Mo e

States for example, both backward and forward linked integration is

common among large nlictr*ie firms. It is estimated that the in-house
production of integrated circuits by three end-product manufacturers, IB!}, Western
Electric and Hewlett Packard, represents roughly one thirg of American

integrated circuit production. Furthermore, one of the largest U.S. component

firms, Texas Instruments, has become a2 major producer of electronic consumer °

and office products, ¢

The incidence of integration is similarly high in both the European ]

and Japanese electronics induatries. In Japan the major semiconductor

i

producers such as Toshiba, Matsushita, Nippon Electric, Sony and Hitachi
L

are all world scale producers of either computers, telecommunication 1
]

equipment or electronic consumer products. In Europe; it is common for

large national end-product suppliers to account for the bulk of semi-
conductor production., Integration in the European and Japane:e industries
is particularly interesting because much of it has been encouraged by
domestic govnmmoentl. Underlying these policies is thie belief that there
are substantial economies of scale in the production and development of

electronic goods and that very large and integrated firms are necessary to

e st

.
achieve minimum efficient scale (MESY. i
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Scale Rconomtes |

-

Ecomomies of scale vary across the different branches of the
industry. Scale economies are found in production, resesrch and
devclopun.t. marketing and finance. Both static snd dynamic production
ecmiuq sxist within the m:l\m:r-s;,= although the later appears to be
more prevalent. In additionm, ther; Sre economies of firm sise assoclated
with the diversification of risk in research and development and the
distribution of large urkitin; costs resulting from the rapid rate of
obsolescence of electronic goods.. The di-trib;ation of costs in the
industry, which are heavily weighed toward RSD  and marketing, nphn:l::
firm.size economies. For new products, it is not uncommon for these types
of exlavéndfture‘s to comprise over half of the product’'s price.

Static production economies, found in plant size and lengtﬁ of
production run, are limited in the industry by the highly customized
nature of many electronic products and the absence of stmdudiz_.ed
. production techniques. Noueghcledq, t;m manufacture of more mature products J
often involves assembly line type production which yields economies in
plant size. In'television manufacturing, for Mlc, MES requires

annual production runs of b.cw&wo,ooo to 500,000 mtnlz. Similar

production based economi€s of e exist in the msnufscturs of radios

o e bt e

and other electronic consumer products. ,
There are substantial economies of scale in the mainframe computer
industry. Brock (1975) estimates that a minimwm investment ;f nearly 1
billion dollars was requirad to enter the American mainframe market during
the early 1970's. The most significant scale economiss were associated with

non-praduction .costl; finance, markating, service and ressarch and

developnent .

PR MR L e .
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_ function. These economies have been broud}y identified at both the

. . It should be notsd however, thnf economies of firm ¢ize are .
comparatively minor in other areas of the electronic office squipment
market. Industry estimastes suggest that an initisl invo?mt as low as
5 million dollars is adequate to enter the mini. fmwtcr, word Processor or
electronic typewriter segment of the upketla. The rapid growth in
these markets has led to a recent influx of entrants into the computer and
electronic office products sub-sector. There are cu;rently over a hundred firms

4

producing computer type equipment in Canada. However, it is expected that

»

as the technology and products become more standardized, minimum investment
and MES will rise. '

In semiconductors, scale economies until very recently have 'bdeu
modest. However, Wilson et‘ al. (1980) argue that the real cost of-establishing
a basic wafer fabrication plant atrippled betwe‘n 1965 and 1975 and is expected
to double again between 1979 and 1985. It is estimated that a minimum
investment of between 10~34 million dollars, depending on component type,
is required to set up an efficient -izcwm in the U.5. semi-
condugtor indu:t-:ry. ;

Another significant scale factor in the electronics industry is
the widespread incidence of learning economies. Learning is get‘xernlly meagured
through the relationship between real unit costp nndv cumulstive output ;f a

particular product or generations of products which fulfill the same

industry and firm level (Tilton 1971, Boston Con-ulfing Group 1972, Noyce
1977 and Scherer 1980)14. On 'wernzn these studies hn;e shown that real
unit costs fall between 20-30 per cent with every doubu—ng in cumulative
output. There is partial evidence of learning in the Canadian industry.

A regression test found that labour pr}odnct,:ivity' increases 20 per cent with
every doubling in cumulative sales. Insufficient mfomtizyn on total

factor productivity did not permit an analysis of the relationship between

»
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. cumulstive ssales and units c;ut-. (See Statistical Appendix - A
Regression Estimate of a Learning Curve).

The influence of learning phenomena on industry structurs is
;nb:l.guou-. The structural impact of lesarning econouies depend crucially
on the parametars of the learning curve and the nature of the learning
process il:ulf . Spence (198;) argues that in some cases the cost
advm:age.n associated :oith pronounced learning economies may justify

natuml monopolies or at least highly concemtrated Mu;tric:l".

B Learning curves which are moderately sloped and extend over a wide tmg;
of cumulative output before reaching an asymptote generate cost
- advant'agu which are consistent with a concentration argument. However,

' steeply sloped curves that quickly approach an asymptote enable latecomers
with relatively small levels of cumulative output to sckiéve cost parity with
more mature producergi Therefore a case for concentration cannot be

_ generalized for all curves. ‘

/’\ The impact of dynamjc scale economies on market concentration is
further complicated by the rupid. rate of product obscolescence which is
c;omonly associated with learning intensive industries. On one hand, rapid
technological change may truncate product specific learning and thereby -
cancel the advantages of coming first (Tiltom, Schercr)m. On the other

Y hand, learning may take place across similar products so that even with

technical change, an inverse relationship between cumulative output
and unit costs may persist over a continuum of product developments. In

this case, learning wox;ld provide more enduring cost advantages and tend to

contribute to industrial concentration. ' ’
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Tariff and Non-Tariff Baxriers

‘ Despite the incrm:h}g intomtianlliuginu of the industry, trade
flows have been impeded by the wi.dupr‘nd use of tar{ff and non-tariff{
barriers. VWhile tr‘dc policies-differ among producing natioms, a
recurrent pa'ttm\in all electromic industries is the growing incidence of
non-tariff barriers, chiefly in the form of public procurement practices.
Procurement policy, con:ferring strong support for domestic manufacturers,
has effectively closed most Furopean as well as Japanese tcl.;emicnion
markets to Canadien exports. Similar practices restrict imports of
computers and other electmgic office prociuctc. Japan not only imposes

quotas on imports but also restricts domestic salaes of foreign controlled

" subsidiaries. Britain and France have both reserved sizable segments of

their domestic markets for national producers such as ICL and Ci{-HB _
f:hrough procurement regulations. Swedish procurement policy in word and

data processing equipment parallels British and French policy through its

~,
A3

endorsement of Data SAAB, the large Swedish computer manufacturer.

Tariffs seem to play a less important role in the protection of
domestic markets. European tariffs on electronic goods are modest bué since
they do not apply to ECC members, North American producers are placed at a
disadvantage. American tariff rates are probably the lowest 6f al jor
producing countries but the use of non-tariff barriers‘ is on the upswing.
A Buy American procurement policy allows dopestic mdnufacturers a minimum
102 cost sdvantage over competing hports:'norcovcr', the United States has

imposed quotas on the importation of consumer goods such as televisions and

radios and has recently insisted on a minimum of 502 domestic content in

telecommnications equipment. The latter barrier-has had a/significant impact

on the Canadisn telecommmications industry since the American independent

i
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O (pon-ATAT) market is one of: tha largest export markets available to
Canadian produgcrn". It is 1ikely that restrictions on foreign content
led Northern Telecom to locate many of its‘ new manufacturing facilities
:ln the United States.
) J X , Canadian trade policy has afforded noderate to high protection for
- ' the industry as a vpolc. A distinctive feature of Canadian protectionism
has been its reliance on tariff as oppoudwto non-tariff barriers. On average,
nominal tariff rates are cecplnt around 152 but vary widely across p@f:;:tl.

It is evident that at least in some areas the current tariff structure

. . - , . . =

5‘\ ‘ bears little relationship to ‘the present composition of the industry.

A number of anomaliea may be noted in this respect. Imports of computers

- and components are taxed at 15-20% evey though there is little domestic

' ¢
" production of these products. 1In these cases it seems that the tariff
(-u) merely serves to raise production costs of domesttic data processing firms

N

and electronic end-product manufacturers vho use these products as inputs.
Procurement policy i Canada is generally less protective than in

Jap\ﬁr’ Enrope or the Unicad States. Nonetheless, electronic good- acoount

-~

for a ‘sizable pmportion of federal procutmnt exp'enditures given the

goverfment 's widespread need for electronic products if defense, data

procesging and communications. In 1974 faderal procurement accounted for

roughly 12% of the value of shipments frow-SIC 335 and 10% from sIC 318°8:

It 1is estimated that between 19472-1977 federal governmentprocuremeht of

In some cases pi‘ocunnent hag been uged effact’iniy to foster ‘Industrial
development. XKorthern Telecom benefited substantially from federal and

provincial telpcomnica;:ion mandates giv'en to its parent company Bell ’
L]

O _/ "Canada and AES Data seems to have benefited from the federal' government's
N ’ 4

undeclared Buy Canadian Policy through its purchase of word processors.

r electronic goods has grown st ' y at an average annusl rate of 20%. -
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_However, it should be noted thst the combined level of fedsral and
provincial.public sector demsnd represents no more than 20-25% of

tlp. total domestic electronics markst in Cansda. By comparison, it is
likely that the 1980 level of government demand for electromic products

]

in the United States exceeded the size of the entire Cau_dm domestic
L v
market.

Foreign Ownershi

The Canadian electronics industry has the highest percentage of
foreign-owned firms smong the major producing nations. Of the industry's
100 largest firms, 72 are foreign-owned. In total, foreign-owned firms
account for 202 of the 712 firms in the industry, representing 55X of industry
" shipments. The rtance of foreign-owned firms in relation to industry ‘
output would ingfease dramatically if Northern Telecom's sales were
excluded; in such a éan, foreign-owned firms would account for 80%
of imdustry shipments. .

Virtually all foreign-owned enterprises in the industry are subsidiaries
‘of multinational corporations. Many have located in Canads in response to
domestic tariffs, establishing branch plants in order to gain duty free access
to the Canadian merket. Over the course of the last decade or so, many of
these plants have closed 0due to both domestic and international factors.
In some cases only a retailing—fdpefntiou remains, in others; product mandates °

[2

have been allotted to Cu.mdinn cub-idinriu permitting some measure of

. apecf:lnlizat ion. '

anafally, foreign-owmed firms have tended to concentrate in the more
scale sensirive areag of the industry. This ie true particularly in cases
wvhere large scale economies have d?.-coutagod thc.mrgmce of domestic
a;.:pplieru, i.e. television manufacturing and mainframe computers. The -

prasence of foreign ownership is less pronounced smong manufscturers of

[y
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new, tachnology intensive products. In thess aress domsstic firms

‘prevail.

4

The slectronics industry is by far the wost MD intansive industry

s ch and t

in Canada. The industry accounts for nearly one quarter of tetal industrial R&D
sxpenditures andl employes a comparable ;crc-ntuc of industrial R&D
personnel. R&D expenditure per worker in electronics is roughly three times
the average found in Canadian oinduntry and R&D spending as a percentage of
sales is as much as 5 timas greater than the average for all sanufacturing
industries. .

The bulk of R&D spending in the industry is concentrated in the
telecommunications sector. In 1977 the combined level of re;urch spending
in this sub-sector amounted. to 180 million dollars, of which approximstely

* 70 per cent was funded from the private sector. It is-estimated that

Bell-Northern accounted for roughly 68 per cent of privately financed
research und dwelopngent expenditures. Current estimates of RLD expsnditures
by Bell-Northern range between 200-250 million dollars.

R&D expenditures are of ntleuet magnitude, but still relatively high,
in the computer and ‘electronic office squipment sector (SIC 318). Table 3
shows the nbsolu't.e level of spending betwaen 1971-1977 and its relationship to
industry shipnenu. The single lurgest investor in R&D was IBM Canada
which accounted for 40 per cent of the mt.ry total. Nevertheless, as a

. pcrcmén;c of males, R&D mim by the C.&dm subsidiary was far below

IEM's international sverage. )

The only sector of the electromics industry that is not RiD intensive
is the consumer products sub-gector. According to a recent Statistics

Canada survey of industrial research and development establishments :h;re

E™ ~ran a

EP—



~ Table 3
Computers and Other Electronic Office Products Sub-Sector
D Expenditures R&D Expenditures As a X of Shipmests
’ (willions of ‘gllat-) ‘ : x )
, Current Total® \ Current/Shipments W )
S . 1971 13.9 . u.e 6.85 10.64
o 1972 22.5 26.6 8.59 10.13 '
3973 21.3 25.3 7.42 s8.81 .
1974 21.3 29.1 6.16 8.4
1975 © 24,8 1.2 6.65 8.36 - 3
, 1978 . 26.8 32.7 6.19 . i 7.5% \
) . s 31.0 v35.9 6.99 - 7.9
L4 -
# Includes capital expemditures '
”~ ; k
Source: Klectromics Isdustry Swb-Sector Profile: Computers snd Office Machines, Klectromics
~ Yask Yorce Ssecratariat, Degartment of Industry, Trade snd Commercs.’
~ : , -
— -~ <
2, > 5
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)

is only ons firm in the sector which is currently ifnvolved i un“.
*

During the esrly 1970's a number of foreign~owned subiidisries maintained
& modest level of RELD spending. Bowever, many of thess firms haye since
left the fhdustry and remaining firms have undergome extemsive rationalizat-

. . - ?
don which has sntailed a discontinustion of RAD werk in Canada.

Exployment 3 N

Eaployment in the electronics imdustry has ful&u from slightly under
68,000 in 1970 to spproximately 50,000 1n 1978 (Teble 4). On s per smmum
basis, total employment has declined at an sverage rate of 3.7 per cent.

To & great extent the statistics in Table 4 can be interpreted as part
of a long-run trend toward declining employment in the industry. This trend
parallels the continuing shift in valuye-added fr?n hardware to software which is
more labour intensive and which 1is -tatiatic‘ily accounted for among service
industries. Theé trend has occurred over a succession of different gemerations
of c@oumt technology. Each generation of technology (i.e. transistors,
integrated circuits, very large ’ncale integrated circuits) has dramatically 3
reduced the cost of hardware and the amount of labour required to produce 1it.

A second factor that has adversly affected employment has ‘bewn the
widespresd incidence of rationalizstion in the industry. This is
particularly evident over the last decade in the comsumer products sub-
‘sector where employment has declined at an anausl sverage rate of 12,2
p:r;mt. -

Despite the industry wi«ie reduction in total employment, mmny firms |
are currently experiencing am acute shortage of engineers, computer
scientists and o;bcr highly skilled labour. Paced with domestic labour
shortages in this area, the industry has bsen compelled to lmport techaical
A

personnel from the United States and Furope.

L
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1970
1971 8696 7% 44582 61015
1972 10134 813 W18 58416
, : ”
1973 10866 8748 9713 63333 }
1974 11397 8259 44281 63937
I" "»
1975 9613 7036 42041 58960
. 1976 9758 6347 38467 54572 ;
1977 8635 3382 36676 48693
1978 9629 2332 37895 . 498%6
"
SIC 318 - Office and Store Machinery T =222
SIC 334 - Household Radio and Television Receivers -12.2% f\"”/{
SIC 135 ~ Communications Rquipment -'2.1%
Total .- Electromics Industry - 3.72
Source: Statistics Camadm; Cat. No. 42-216, 43-205, 43-206
gr;
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,
~ PROSTRY PERFORMANCE
)

/ Productivicy o

Wtavity 1s the most widely recognised messure of imdustrial
performance. Measured against this criuri;‘ the p.crfet-qn« of thas
electronics industry has been impressive. Two aspects of industrial

, productivity are presmted in Table 5, the level of productivity and its
rate of growth. For purposas of comparison, the slectronics industry has
been disaggregated on a SIC basis, since productivity dataars not availsble
at the individusl sub-sector level.

Real Domestic Product per man-hour in gll three SICs is significantly
greater than the average level found in Cansdien manufacturing industrias.

In 8IC 318‘and 334, productivity. has grown to & level roughly three times the
‘average in manufacturing. RDP per man-hour ia SIC 335 resained appr;t;.ntely
1.5 times greater than the industrial average between 1971-1,‘979.

Turning to growth rates, the compariscn between electronic i{adustries
and manufacturing industries is no less striking. The annual averlg: rate of
growth in RDP per man-hour in Canadian manufacturing was 2.9Z. By contirast,
thé rate of growth in productivity in SIC 318 and SEC 334 vas foUr times
as ;r;at, averaging 11.7% and 11.61 respectivaly. Productivity growth in
SIC 335 lagged behind the average in manufacturing, although the actual level
remained higher. The po;rer performance of SIC 335 is curious in light of the
fact that it contains the telecommunications sub-sector, an area of traditional
strength in the Canadian electronics industry. Onfort\gngqyr it is not pouitll: to
analyze productivity in telecommunicastions separataly because the SIC datas
cannot be disaggregated,

Productivity parformance reflects a variety of factors. Obviously ome
factor is the rapid pace of technical change in the industry. It is also

likely that the restructuring undertaken by sany foreign-owned subsidiaries




Teble 5 )
. 2eal Domestic Product Per Man-Hour °
. , {constant 1971 dollars)
Year SIC 318 SIC 334 SIC 335
K
. 1971 ' 11.08 . 9.95 8.85 s
1972 12,94 11.78 9.14 A
1973 11.97 12.19 9.43 6.55 ' : '
1’?‘ = 12.32 12.50 ’-71 ‘-“ .
1973 16.413 14.71 10.01 6.4A8
1976 17.99 16.98 . 10.32 6¢.%0
1977 21.49 27.27 10.64 1.13 ’
1878 22.88 27.69 9.91 7.37 R
1979 25.71 22.88 10.39 7.45 B |
AMCR () 11.7 11.6 2.1 2.9 ) t
S
* m p
Source: Statistics Cansds; Cetalogue 42-216, 43-205, 43-206, 61-213, 61-005 i
See Table 4 for SIC codes. .
4
3 |
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classified in SIC 318 and 334 had a positive influence 6 the industry's
overall performance. \

»
«y

Trade
During the last two dccadnz, the major electronic industries in the

world have become increasingly internstionalised with trade 1:'1ay:l.nz~ a
dominant role in marketing sud production strategies. Accordingly, aspscts of
trade performance are commonly noted in internstiomnal industrial comparisons,
In part the m.cernuimnuuon of the industry reflects the degres of
specialization found among electronic producers which has become necessary
given the tremendous increase in the variety and type of electronic goods.
The growing volume of intra-industry trade is shown in the growth of both

' imports and exports in wmost industrialized countries. Table 6 notes the
simultaneous increase in levels of import penetration mk in the ratio
of exports to shipments in virtually‘ nll‘mjor producing nations. Hith the
exception of Japan imports have risen substantially as a percentage of-
domestic electronic markets, representing roughly half of the market in
Canada, W, Germany and Britsin. At the same time the importance of exports
in industry shipments has risen in all the major electronic industries.
The ratio of exports to shipments ranged from 20! to 501. Generally industries
linked to maller domestic utketf such as Cansda, West Germany and France
recorded the largest increases in 'th:h ratio.

Although trade patterns in Canada are similar to those in other countries,
on the whole the trade performence of the Cauadm; industry 1s mixed. The
trade deficit in electronic products has risem from 342 millton ia 1970 to
over 2 billion in 1979. if viawed by sub-sectors (Table 7), only tele-
commmications \ managed not to have & growing trade deficit during the 1970's.

The largest deficli, approximately one bllion dollars in-1979%, occurred ia

7
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I (\) cmut;rn and slectronic office equipment. Serious trade imbalances also

é exist in the compoments and consumer products sub-ssctors which posted deficits
§ of 789 million dollars and 467 million dollars respsctively in 1979.

A fugnr breakdown of industry tr?dc by ;octor imports and exports is

provided ’ Table 8. On average all elsctronic imports grew at an annual

7

rate of 19.1%1 vhile exports gm by 15.2%X. Since hp&t- grew from a sub-

stantially large base, the difference between the rate of export and

import growth is magnified in the absolute level of the deficit, If

exports are connidenzl apart from tl';c trade balance, the performance of the
industry compares favourably with other manufacturing industries in Cenada.
Moreover Table 9 indicat‘.ea an industry-wide increase in the ratio of exports
to shipments over the last: decade. By 1978 exports accounted for over half
of shipments in the computer, consumer products and electronic systems sub-~

) sectors. {

Import penetration, on the other hand, has ‘incru-ed significantly in all
industry sub-sectors. Imports by 1978 represented- just under 65% of the total
domestic electronics market and accom;t-d‘for as much as 871 of individual

sub-sector markets. In some cases, telecomunic&:ion: snd consumer products,

the level of import penetration has doubled since 1970.

A Synopsis of Industry Performince

In reviewing structt;re and perfomnce; a number of stylized facts
arise which suggeat that the industry th become increasingly rationslized over the
‘ last decade. This 1is manifest in the rapid growth in productivity, cou}:lud
with declining upl?yunt and increasing levels of 1ntr:—1ndustry,n:uh.
If indeed rationalization has taken place, then there is reason to bclim’
that the observed increases in the ratio of exports to -hipun'ts is related to

. §reater import penetration. That is, it is possible to argue that domestic v 3

v
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producers are becoming more specialised, compsting effesettvely isn -
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intersational markats md at-homa with their specialised products and lesving
the balance of the market to foreign producers. From tha stamdpoist of
performmce, the étu-anmw@mw .
conaiderstion is mot the eversll tyade Balssce, but the growth im exparts

of products vhich the industry hes chesen to n:nuxm tm,
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Onited States
W. Germany
Britain
France

Japan

Cansda
United States
W. Germany
Britain
France

Jspan

Source: ORCD

t a 2 of 3hi

1965
20.2

7.9
37.5
29.8
24.3
23.7

1975
$3.6
13.7
AR.6

45.1
32.5
7.5

1973
%.3

19.8-

" 57.8

“.3
8.6
27.8
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Sector
Telecommnications
Consumer ll’rodncu
Components

Computers and Office
Equipwment

Instruments & Systems

Total

;
Source: Statistics Canada;

[PRv—
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Table 7

Balance of Trade

(millions of dollars)

1976

1970 1971 1972 1973 1974 1975

55 10 -15 20 -20 -21 " -20
-98 =113 -206  -221 -287  -237  -361
-100 ~114 -178  -217 -281  -226  -298
-179 -218 2270 -260 -331  -388  -474
-20 -26 -24 .10 -17 -19 -39
~342 -462 | -692 -728 -936 -892 -1

Catalogue 65-004, 65-007

Cj;ggz, . 1978 1879
-106 -« -66 238
-382  -439 A7
-339 ~426 ~709
~521 - ~728  -96b

67 @ -94 -85

-1413  ~1752 -2068

‘v
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Table 8
WWE :
(millicas of dollars) -
rts )
Sector - , 1970 ~ 1971 1972 1973 1974 1975 1976 1977 1978 1979  AAGR (X)
T%ecommicntim i&l 117 102 129 164 195 231 207 259 437 16.%
“  Consumer Products 27 - 29 26 3 32 26 31 54 9% 103 19.7
» N
Components 63 71 90 140 155 129 133 141 203 220 10.7
Computers and -
Office Equipment 57 67 85 136 151 125 129 137 198 213 10.7
Instruments & Systems 46 40 43 68 69 80O 71 60 78 113 13.0 -
Total ‘ 335 324 347 504 . 572 556 594 599 832 10886 15.2
‘ rts
| tor 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979  AMGR {X)
Telecommmications . 86 197 118 149 184 . 216" 250 313 324 199 17.2
Consumer Products 125 142 - 23 252 320 263 392 436 533 570 20.4
Components 163 184 267 357 437 KT 431 481 629 1009 24.4
Computers and Office (

Equipment 237 286 355 396 482 514 603 657 926 1177 19.9
Instruments & Systems 66 66 68 78 86 100 110 127 . 172 199 . 24.0
Total 677 785 1039 1232 1509 1448 1785 2013 2585 3154 19,1

t— ‘ . “
‘} Source: Statistice Cemada; Catalogue 65-004, 65-007
% " 3
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Sector

Telecommunications

‘Consumer Products

Components

Computers snd Office
Equipment

Instruments & Systems

Al;;lectronics

'S

"Sector

Telecommmicat ions
Consumer Products
Component's '

Computers and Office

Equipment
Instruments & Systems

All Electronics

Source: Statistics Canada; Catalogue 31-211,'42—216, 43-205, 43-206

N Table 9

/ ™~ (percentages)

‘a Ratio of Imports to Domestic Market .3
1970 1971 1972 <1973 1974 1975 1976 1977 1978
20.4 8.2 21.7 23.6 27.2  26.1 30.0 43.1  39.0
40.2 %®38.5 4.9 4.0 53.1 51.5 63.7 19.6 87.2
48.4 48.1 65.8 72.1 70.6 75.1  74.2  82.6 8A.1
64.1 68.1 66.7 12,4 72.2 . 67.5 68.1 70.0 712.6
- - - - 83.5 65.8 65.9 62.6 71. 4
" a6.6  49.7  Sl.be S54.6 535  49.8  55.1  54.0  64.6

‘ Ratio of Exports to Shipments
¢ ' .

1970 1971 1972 1973 1974 1975 1976 1977 1978
29.6 28.2 21.7 23.6 27.2 26.1 30.0 43.1 39.0
12.7  11.3 8.4 8.8 10.2 9.5 12.2  32.5 . S4.7
26.8 26.2 39.5 50.4 45,9 52.2 41.0 58.3  63.0
29.8  33.2 324 47.3 43,6 33.5 31.3 32.9 36.2
- - - - - 81.1 60.1- 55.5 &4.1  53.1
23.0 20.5 26.1  33.0 34.2 32.1  33.3 35.4 431

A}

L3

m. 65-007, Canadian Electronics Eangineering. <4 R
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* Office and Store Machinery, corresponds to the Computer and Other Electronic
¢

APPENDIX
Statistical Sources snd Methodology

Five data sources vere used in compiling statistical estimates for

the industry. Three of these sources, SIC, ICC and Commodity Trade

Classifications, originated from Statistics Canada ssries. Estimates

from ind\ustty“ttlde journals and the Departmant of Industry, Trade and
Commerce were aleo used. The limited concordance between theme ‘series
prompted a dual classification of “the industry. One classification is

based on product type sub—sectors and the other opn three digit SICs.
Sub-sector estimates were defived through the aggregation of specific product
ddéta. Individual product Mf;mtion with rea;’tct to shipments, imports

and exports were obtained from several sources. Shipment estimates were
largely provide‘by ICC d;ta at the three, four and five digit level. In

addition, industry estimates published in Canadian Electronics Engineering

"were used. Sub-sector trade data were complied through aggregating import

ard export MBvels for individual products. Th's data was furnished from
L

Statistics Canada's ‘:ude series contained in Catalogue 65-004, Exports

e

by Commodities and 65-007, Imports by Commodities.

SIC and sub-sector coverage may be matched as follows. SIC 318,

. Office Equipment sub-sector. SIC 334, Manufacturers of Household Radio and

[—

I SIC 335, Communications Equipment Manufacturers, encompasses the tele-

( 7 ’}(7

Television Recei s, refers to the Consumer Products sub-sector. Finally,
& 4
communications, components n:d elements of the electronic instrument and
systems sub-sectors. Some products in the instruments sub-sector are - §
classified by their end-use and thus do not appear in SIC 335. Instead,
they are hidden in the output of & number of a“i:t:.er SICs. For this reason

it seems safe to assume that the sub-sector is larger than indicated by the

-

estimates provided in this study.
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Statistics Canads Refersnices

Catalogue 31-211 Products Shipped by c.mam Manufacturers

Catadogue 42-2186 Office and Btors H;chm-ry Manufacturers

Catalogue 43203 Manufactuers of Nousehold Radio and Television Receivers
Catalogue 43-206 = Cosmunications Equipment Msmufacturers

Catslogue 61-005 Indu;u of Real Domestic Product by Industry

Catalogue 65-004 Exports by Commodities

Catalogue 65~007 Imports by Commodities

A Regression Estimate of a Learning Curve

From company interviews and questionnaires information wag obtained

on total output and employment. Several of the cTniu interviewed are
specialized in the production of a particular good or set of closely related
products. One firm provided sufficient historical data to permit an estimate
of a leu:ning curve. This was carried out by an ordinary least squares
regreasion with labour pfpductivity (the log of output per efployee)
as the depen&ént variable and the log of cumulative output as éhc sole
independent varisble. Although one ideally want to control for other
infiuences on productivity this was not possible given the data base. The
data provided information on(cumulative sales and employment on an annual basis
for five succeeding vears. Thus _tgr are {ive data points in the sample.
The results of the analysis are pr:mted in the following table.
The coefficient of ;:uuulative sales 1|' positiv’ and significant at the
95 per camt ‘lml. Since the regressipn is run in logarithms, this
coefficient can be interpreted as an elasticity. Its value, .20, tndicates
that a 20 per cent incresse in labour productivity results from ewvery
doubling in cumulative .output. It should be noted that the functional form of

the regression assumes a constant learning speed, If more observations had

been svailable, it would hav‘b“n‘ useful to allow learning speed to vary .
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with cwmulative cutput and te test fér the presence 4:& & asymptots to
the lsaraing curw.
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Depandent Variable: log (sales/empleoymest) in year t
Independent Variable: leg {cumlative sales) at emd of year t-1
t = 1976, 1977, 1978, 1979, 1980 |
Estimated Coefficienr of Indenendemr Variable: 0.2014

T Statistic: 3.963
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T Statistic (for intercept): 7.80S
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Footnotes _ )

1. The shift from analogues to digital circuitry is closaly related to

the ministurisatieon eof circuit components. Unlike digital circuits,
analogue systems cemnot accommodate the large number of microcircuits
found in modern glectronic devices. Ses X. Noyce, Microelectromics,
Scientific American, 237, No. 3., pp. 62-69.

R. Wilson, P. Ashton, and T. Egan,1980, Imanovation, Competition and
Governsent Policy im The Semiconductor Industry (Lexington, Mass. D.C.,

Heath).

¥

For a discussion of integrated circuits and their properties see I.
Rarron and R. Curnow, 1979, The Puturs with Micreelect on,
Francis Pinter); E. Braun and S. MacDonald, 1978, Revolution )
Miniature, (Cambridge, Cambridge University Press); and M. Orme,
1980, Micros: A Pervasive Force (London, Associated Businass Prass).

For example, Barron and Curnow nrgueﬁii}a report for the Britigh
government that Britain must have a components industry if it 1is to
achieve commercial success in electronic end-products. Although this
recommendation is questionable, it reflects a widespread sentiment in
the industry concerning the vital linkage between developments in semi-
conductor technology and the future course of electronic applications.
See I. Barrom and R. Curnow, 1979, The Future with Microelectronics

(London, Francis Pinter).

The only major component firm to have existed in Canada was Micro-
systems International . The firm was established by the federal

government for reasons similar to those expressed in the Barron and
Curnow report. After opcrating for a brief period the firm was closed in
1975 due to a slump in the world semiconductor market and the apparent
inability of the firm to complete effectively with large multinational

conponen\t\ firms.

See H. Rinden, 1981 "Controlling the Electronic Office: PBXs Make
Their Move", Electronics, April 7, 1981,

’
Witness the recent decision in the Unithd States to allow ATST to enter
the computer market and IEM to compete in t\eloeo-micatinc. This
reverses a longstanding ruling by the Justite Department in 1956
which prohibited AT4T and its mamufacturing subsidiary Western
Electric from competing in areas of the electronics industry bther than
telecommunications.

Globe and Mail May 4, 1981.

Although there have been isclated ingtances where consortia have been
formed (i.e. in the export of elsctronically automated postal systems),
on the whole there has been little success in integrating the products
of sub-system producers in an entire system package for export. A mmber

of systen firms interviewed felt that the grestest obstacle to establishing

an export consortium is the absence of a domestic firm large enough to
undertake the respomsibility for putting together an entire systesm.
Therefore most sub-system firme rely on sub-contracts from large

multinational system firms.
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10.

11.

12.

13.

14,

15.

16,
17.

18.

19,
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Barring ‘thc poasibility of dumping, the dowmestic price camnot

excoed the export price. Thus firms such as Northera Telscom which export as

much as 502 of their domestic production may be disccuraged from setting
wonopolistic prices in the domestic market since this would adversely
affect the competitiveness of their sxports on internstional markets.

See R. Wilsom, P. Ashton, and T. Xgmm, 1980, op. cit. Ia addition,

there is evidence of widespread integratiom among mainframe computer
manufacturers which have integrated backwards into compomaat production.
It is currently estimated that IBM meets 80X of its demend for

integrated circuits from in-house production. In doing so, IBM, has
become the world's largest producer of integrated circuits without having
ever sold an integrated circuit on the opem merket. Aside from IBM

there are a number of other American based cowputer firms which have
become increasingly integratsd. For exsmple, Noneywell produces 20% of
its own integrated circuits needs, WCR 40X, Sperry Rand 20% and -
Control Data 20-252, See F. Klina, 1980, Computers: Key to Productivity ~
in the Righties {New York, Drexel Lambert, Burnham).

Electronics Task Force Secretariat 1978, Sub-Sector Profile: Television
Manufacturing (Ottawa, Department of Industry, Trade and Commerce);
Charles Rivers Associstes, 1980, International Technological Competitiveness
Television Receiverscand Semiconductors (Washington, National Science
Foundation). .

- i
These estimates along with the prediction that MES will rise in the
future are based on interviews with firms in the industry.

J. Tilton, 1971, International Diffusion of Technology; The

Case of Semiconductors (Washington D.C. , The Brookines Institute): R.
.Royce. 1977. op. cit.. Boston Consulting Group, 1972. Perspectives on
Experience; F. Scherer, 1980, Industrial Market Structure and Economic
Performance (Chicago, Rand McNally).

A. Spence, 1980, The Lsarning Curve and Competition, Bell Journal of
Economics (12) 1.

J. T{Yton, 1971, op. cit., F. Scherer, 1980 op. cit.

One of the more important American non-tariff barriers is the domestic
content rules governing produrement by the Rural Electrification
Authority which regulates a sizable segment of the American independent
phone market, ’

Electronics Task Force Secretariat, 1978, Government Procurement (Ottawa,
Department of Industry, Trade and Commerce).

Statistics Canada, Annual Science Scatistics, (Ottawa, Statistics Canada).
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Over the last two decades the slectronics imdustry hes grown from
relative obscurity intc a major part of uoandary/;;fuenrm in
Canada, This evolution has entailed a mmber of structural changss which
have snsbled segmants of the industry to perform competitively on
international markets. Many of these changas have occurred in
response to problems which are andemic to Cansdian mavufscturing.
Therefors it 1s useful to relate rationalization ia the industry to
some general issues of industrial performance in 2 ssall ptcuct’d

domestic market.

“Protection and Structural Change .

Market size influences industrial efficiency thragh its potential
impact on the realization of scale economies. Small protected markets may
impede the exhaustion of scale economies and encourage sub-optimal
capacity in domestic industry. Eastman and Stykolt (1967) found the
videspread incidence of sub-optimal capcity“‘in a number of Canadian
unufactu;ing industriss relsted to the size and hvfel of ’protection
of the domestic urkctl. Subsequent studies by Daly st al. (1968)
snd Caves,” 915)2 have identified scale inefficiencies in the length of
production’ runs of highly diversified Csnadisn menufacturing plants. The

' greater frequency of switchover costs incurred ss a result of short
production runs have been commonly associated with the profusion of
product types produced 4n s single plant. In addition, plant diversification
may adversely affect scaleefficiency by discouraging the adoptiom of
specialized equipment ’necnnry for the utilisation of best-practice
tectniques. Thus efficiency in the production of individusl products mey

be compromised in order to accommodate the productionof s wider ramge of goods.
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Production run diseconouies are characteristic of small protectad
domantic urhu.. In most cases plant diversification is a product of a level !
of domestic demasd which does not permit the exploitatiom of ecomomies
of specialization. Thus the realization of scals efficiemcy through
specialization may frequantly iavolve changes in tariffs and othar
structural factors which facilitate access by domastic firme to intermat io.ul
markets. A number of these changes are comsidersd in the following
discussion of rationalisationm.

It is possible to view rationalisation within the context of a model
of import competition. A simplified versiom (Creen 198('))3 of the standard
Fastman-Stykolt model illustrates some of the more saliemt aspects of
restructuring associated with changes in the level of effective protection.

In the following diagram an industry faces s domsstic market rcpnunte‘d
by the declining segment ( AE) of the demand curve DAED'. The parameters
of this segment, A and E, delineate the dimensions of the domestic
market in relation to a range of possible domestic prices. This range is
bm:nded by an import price barrisr, OP,, and an export price OP;. The
_ import price barrier sets a ceiling for the domestic price since sny price

level above this point permits imports to enter the domestic market. Its

level is equal to the world price plus the domestic tariff and any
transportation costs incurred by imports. The export price is the price
which allows domestic producers to sell in foreign markets and is the
minimm price which the industry need ac'ccpt in the domestic market.

Let us assume that the industry in question is composed of plants of
suboptimal scale operating under the protection of a domestic tariff. The
industry supply curve will intersect the demand curve above point E and the
industry selling price will exceed she price which facilitates exports.
Conssquently industry output will be restricted to the level of domestic

demand, The competitive equilibrium price-output level is denoted by the point of

«
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intersection betwean the industry supply curve aad the declining segment
“of the demend cu;-n. C 1s the point at which DD' snd 88' intersect where
the industry produces 0Q: units of output at a unit price of OP;.

If the industry is an oligopoly the domestic price may deviate from
the industry's minimm dverage cost. In this case, the industry u§ restrict
output to 0Q; and sell in the domestic urk;t at a price just bciav OP,
which maximizes profit subject to the comstraimt of the import barrier price.
The existemce of economic profits is liksly to attract entry to the industry
uniless there are barriers to additions to industrial capacity. In the
absence of domestic entry barriers, the addition of new firms to the industry
t}diltributeu the protected markst among a larger number of dg;utic firms.

The ensuing fragmentation of the market exacerbates scale diseconomies which in

turn oquenrbl profit margins through increasing unit costs. Conventional

/
‘theory suggests that entry to the industry will continue until price no longer

exceeds minimum average cost. Thus the addition of sub-optimal capacity will
eventually raise average cost to the point where there is no further incantive
for entry at OPs. This point is marked by an upward shift in the industry
supply curve from S§' to P,S,'.

The argument suggests that protection is likely to exacerbate the problem ,

'0f scale inefficiency by encouraging a greater proliferation of sub-optimal size

plants in an industry. By indirectly raising average cost, the tariff cam
potentially leave domestic producers competitively worse off than they
were, prior to protectfm. Thus the tariff temds to become a permsnent feature
since its reduction at amy point in the future would threaten the existence
of the domestic industry.

The displacement of domestic production by imports can be averted if
rationalization can promote greater cost efficiemcy among domestic fim and
lower the industry supply curve. Rationalizatiom may.simply invelve a

consolidation of productive capacity and the exit of some firmes from the

T e - - - U, TSP

e s



42

snduéry_. A rwversal of the entry process might sufficiemtly 1n’ernu the
nirket share of remaining firms to ensable tin achievement of.larger -
production scales.

Rationalization mey aleo- involve greater specialization among firme in
the industry. The key aspect of this adjustment 1is t\cmc in the composition
of tndustry output reflacting the concemtration of preduction in a narrower
range of goods. Specialization raquires the industry to produce only a few

products at a presumably afficient scale. The industry will not omly

supply the domestic market with those products, but in addition, will be
able to sell in foreign markets. Concurrently, imports will supply the
domestic marget for produets which the industry no longer produces. Thus
a reduction in the level of protection would have precipitated a
structural adjustment which permits import penetration of certain products
and the development of an export industry in other p;OQuCtl.

The wmodel also provides some insights into the dynamics of foreign investment
in a protected domestic market. Foreign investment decisions will be influenced
ekI:ay the juxtapositiom of the import barrier price mnd the supply curve of the
domestic industry. If tariffs prohibit the amtry of competitively priced
imports, multinationals may invest in domestic capacity amd produce behind
the tariff wall. If, on the other hand, the import barrier price drops
relative to the industry selling price, foreign firms may substitute exports
for foreign investment. Therefore it can be argued that tariffs attract
foreign firms to the domestic industcies of protected markets whan they
might otherwise supply those markets through t}td‘.

Although the previocus ar has been commomly cited in commsctiom
vith the high degree of fere‘i:chruhip in Canadian masufacturing
industries, there is reason to believe that onte established, foreign-owned

plants reinforce the need for further pmtmtia& by exacerbating scale
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inefficiency and markst fragmeantation in domestic industry. Yor

sxssple, Caves (1975) found that forsign-owned mamufacturing plaats in
Canads are significantly more diversifisd than resident-owned plants of
comparable lil.é. Typically, foreign investment in Cansdian
manufacturing has established plants which produce a mlmm wersion
of the product lines of their psrent firms. Since dou-;ﬁ*:n:and for
individual products is limited, subsidisries tend to concentrate the
production of their entire product ramnge in o single plant, tharaby
incurring diseconomies of short production runs. This presctice contrasts the
efficient multi-plant operations of parent firms, many of vhich are large
and highly diversified mlunaottmh.

Moreover, foreign-owned firms may be more prone to sustain sub-optimal
size plants than domestic firms because they frequemntly enjoy advantages
from economies of firm size. Many subsidiaries have access to a number
of intangible rant yielding assets which are transferred from their
parent fi‘m at a minimal marginal coats. These assets include the
parent firm's techmology, merketing expertise, finsncial leverage and brand
image. The use of these assets enables foreign-owned firms to partially
compensate for production run diseconomiss and operate more profitably
than domestic firms at a given level of sub-optimal capacity.

Lastly, foreign ownership worsens the problem of market fragmentation
by recreating in Canada oligopeolistic market strugtures vhich exist abroad.
If one firm locates production fadilities im Canada, there is a tendency for
other members of a foreign oligopoly to follow. This tendency has been
noted in consumer durablé industries where preduct diffsremtiation
encourages the.exploitation of the marketing skills and brand image of

multinationsl firme (English 1964)%.
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\{huc behavioursl characteristica of foreign-owvmed firma drav

attention to some of the adverse ramifications of foreign investment on

"industrial structure and performance. It is important howevesr to

distinguish between different types of foreign-owned plants and avoid
generalizations regarding direct foreign investment per se. The pro-
liferation of branch plants is a typical but not inevitable manifestation
of foreign investment in Canadian mufincturin;. For exsmple, rationalized
plants, in contradistinction to branch plants, may be highly specialized
and scale efficient. Production in this type of plant is generally oriented
toward some segment of the parent firm's international market, hence the
scale ofgmanufacturing 1s freed froiuthe constraint of domestic demand.
Since this constraint is often reinforced by corporate non-tariff

barriers to trade,parent-subsidiasry rationalization 1s generally

depe:d::t on the assignment of a world product mandate. The international
distribution of these mandates by multinational firms is a complex phenomena

involving a variety of political and economic factors. For this reason

policies such as trade liberaligation which discourage the maintenance

of sub-optimal capacity may not necessarily induce the location of more

gpecialized fore:&gn—owned plants. This of course does not exclude the
possibility that tariff reductions are stil]l preferable even if large

segments of an industry disappear ss a result. However, it does suggest

that intraoindt;s.tg rationalization involving subsidiaries of foreign
multinationals may require the use of additional industrial policy
instruments to ensure that these firms undertake specislization and
not simply withdra.w from an industry when confronted with tariff

reductions.
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Evidence of Ratiopalixation in the Electronios Industry

On the basis of available information, two sub—-sectors J -

arps

of the electx‘:onics industxy have been selected for case °

studies of rationalization. Both mi»-noctou have undergons

extensjve restructuring n;} hsve substantially improved their

performance CVQt‘ the last decade. There are two common factors which

have influenced the nature and directiom of structural change in these
sectors. /)emerahip in both cases is predominately foreign, consequently
restructuring has entailed the closing of some branch plants and‘ the
transformation of others into more specialired modes of production. This has
led to attendant changes in the market scope of domestic industry.
Secondly, ratilonaliza::lon has involved government intervention although the
form of intervention hu- differed im accordance with the specific
circumstances and structural characteristics of the sub-sectors involved.
In the consumer products sub-sector, structural change has rn’volvgd around
the Duty Remission Program and pending tariff reductions. The changes
brought about by these measures can be largely ;xplumd in terms of

the Eastmsn and Stykolt model previously described. In the second case,
computers and office equipment, rationalization has been induced by eweeping
technological chnng:s and by direct govermment support through public
procurement and investment subsidies. Despite disparate conditions, both
inatances highlight the imporaance of industrial policy in shaping
structural change. .

The case studies of rationalization are followed by a more gmrai
statistical test for rationalization which is predicated om the sssumption
that specialization is revealed in changes in the level of intx;a—indnntry trade
over time. This test augments our kn;.wlodga of restructuring in areas

of the electronics industry wherp a more detailed examination has not been
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possible. It also provides results which are consistent with our

-

findings for the two sub-sector studies and may be iriterpreted as an
sdditional confirmation of the hypothesis that the electronics industry

has become incresasingly rationalized in recent years.

Consuper Products, Sub-Sector (SIC 334)

The consumer products’ sub-sector d}xring the 1970's epito-iud many of
the structural problems associated with the protection of a smsll, highly
fragmented domestic market. The sector's adaptation to trade liberalizstion and
the attendant\bhanges in industrial composition are in many respscts
reminigcent of the adjustment processes depicted in the Eastman-Stykolt
model, Rationalization has followed a period of rapid éeterioration in the
- industry’'s competiti\:e position within ‘;:he domestic market, brought about
by increasing scale economies of foreign production coupled with & moderate
reduction of domestic trade barriers. For the most part, rationalization
has involved the transition from an essentially branch plant industry to
one wi;j,ch has become increasingly specialized within the context of a
::ontingntal market. : .
Despite the fact that MES is laige in relation to the size of the
. domespie—television market, :cgla economies have not been a significant entry
mfie; in the 1nddstrya Until the mid 1970's domestic production insulated
sub—optimal capacity in the industry from import competition. Thus, it
has been possible to enter ‘th’e Canadisn electronic consumer ;:roduet
;ndustries:vith plants whose capacities were a fraction of MES. Consequently
‘?he number of plants in the industry has borne little relationship to the
optimum number set by the size of the domestic market and the smallest
efficient unit of production, The resulting supply structure of the industry
‘ cre;ted ‘the preconditions for the sector's rapid decline over the last diadc

and its apparent revival following extensive re"itmeturing.
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. Until 1966 the Canadian Patent Pool effectiyvely blocked the
importation of televisions into Canada. This, along with the rapid growth of
the domestic television market attracted a number of multinatiomals to-the
industry, establishing branch plants which produced exclusively for the
domestic market. Operating behind a 15X tariff, domestic manufacturing
enjoyed a period of relatively strong growth until a downturn in the
domestic market in 1974. However, during this period the industry had
become increasingly isolated from developments in the mainstream of television
technology. Of particular importance were a mumber of technical advances
in the manufacturing procesa which led to the development of larger
production scales abroad7. Domestic producers did not respond to these
developments prina'iily because the Canadian market could not sustain
production volumes required for scale efficiency. Instead, the industry
attracted additional sub-optimal capacity as threcr.hpanau multinationals
Hitachi, Sony and Matsushita, bullt branch plants in the early 1970'l in order
to circumvent the tnriffe.

The incidence of sub—optimal capscity in the Canadian television industry
seems widespread as indicated by the following comparisons. Estimates of
MES in television manufacturing rasnge from annual production rums of
300,000 sets (DITC; 1978) to 500,000 sets (Charles Rivers Associates;
19789). The largest Canadian plant by the mid 1970's had s capacity
of roughly 100,000 sets.md plant capacity in the industry averaged only
50,000 utllo. Thus & typical Canadian plant operated at between 1/6
to 1/10 the capacity associated with scale efficiency.

Without knowledge of the shape of the industry's long-run averuge)_cost
curve it is difficult to doﬁunin“:e the severity of cost disadvantages borne

by sub-MES Canadian plants. Scherer et al. (1975) found unit costs 5-6% higher

in plants 1/3 MES producing refrigerators and other household applicances
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with similgr assembly type productioun, Bowever, anecdetal evidencs,

such as thé inability of the tariff and nv:rc price-cutting by domestic
firms to arrest the pace of import penetration, suggests that Canadian
plants may have incurred costs more than 15% }fdﬂur than those of foreign
acale( efficient plants. Faced with cost dindﬁntagu of this magnitude

and widespread” industry losses, many multinationsls cousidered closing their
domestic facilities and supplying their Canadian n‘grlcetl from foreign

plants. In an effort to abate a mass exodus of foreign-owmed firms

and stabilize falling production and employment levels, the federal
government undertook a number of initiatives inthe direction of rationalizing
the industry.

Efforts to redress the underlying scale problem in the industry draws
attention to its degree of foreign ownership. Bv 1976 as many as 10.f1m
manufactured television sets in Canada. of which only one. Electrohome was
Canadian owned. The remaining 9 firms were all subidiaries of multi-
nationals and did not have mandates to produce for markets other tham in
Canada. Hence any move toward rationalization would involve commitments
from multinational firms to retain and restructure their production
facilities in Canada.

A rationalized industry, based on a domestic market of approximately
1.4 million sets, would hypothetically have contained a maximm of 3 to 5 MES
pimts, depending on which estimate of scale efficiency is used. Market
fragmentation prevented lﬁy single manufacturer from commanding a large
enough share of the domestic market to warrant\ an efficiently :ized.plant.
In view of this constraint, the Department of Industry, Trade and ‘
Commerce encouraged the creation of a joint production fa‘cility between two
or more producers and/or the estlblictm;nt of a large scale facility by at

least one multinational from which it could supply its North American
4
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(1 market,

Both proposals failed to elicit industry swpport. The first plan
was rejected because American owned firms feared that a move of this
nature might violate U.5. anti-trust legislation. The second proposal vas
also rejected by U.S. based firms because the American industry wvas
already rationdlized with sufficient excess capacity to supply the mmich
smsller Cansdian market. Only Japanese multinationals were potentially
willing to locate continental scale plants in Cspada.

However, the imposition of American quotas on Japanese televigion
imports compelled these firms to locate the bulk of their North American
production in the U?nited States. The construction of a 450,000 set capacity
;lant in California by Sony (1974), a 600,000 set capacity plant in
Illinois by Matsushita (1374), a 700,000 set capacity plant in Arkansas by
( ) Sanyo (1977) and a 200,000 set capacity plant by Hitachi in Tennessee

(1978) precluded the location of similar size plants }n Cmdlu.

. Following these attempts at rationaliration at the industry level, the l
focus of industrial policy shifted to the reorganization of production in
individual plants.ﬂ This policy was pursued through the Duty Kemission
Program iptroduced in 1977. The program called for the remission of duty
on imported television sets until 1981 at which time tariff reductions
would bé implemented, The level of remission available to individual firms
would depend on the degree of restructuring undertaken. In cases where
the continuation of television production was no longer feasible, remission
could be used to finance the cost of adjusting to ether product lines
or industry sub-sectors.

The program was designed to improve produc@ty by encouraging the
( } greater specislization of Canadian plants. Duty remission would allow

multinationals to import gsodels previously assembled in their Canadian
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branch plants. In doing so, it enabled these plants to concentrake
pr;)duction in a narrower range of television 'medels, thereby achiexing

cost afficienciss thiough economies of longer production ruas. The exceds of
production above domestic requirsments would be exported to the United
States, thus facilitating some measure of North-South rationalizationm.

The industry's response to the Duty Remission Program is outlined in
Table 11. Since the enactment of the program five foreign-owned firms
including Philips, Quasar, Fleetwood, Gemeral Electric and recently, Canadian
Admiral, have ceased television production in Canada. Canadian Admiral,
which had originally intended to use the program to establish a plant t?
produce micro-wave ovens for the North American market, was sold by 1its
American parent Rockwell International and has since been placed in regeivership.
RCA, Panasonic, Hitachi and Sony have reorgarized producgion in their
Canadian plants in a manner gimilar to that intended by the program. The
single Canadian-owned manufacturer, Electrohome, has diversified into
telecommunications through its involvement in the Telidon project and has
concentrated the bulk-of its televigion manufacturing in commercial television
monitors. . i

The future of television manufacturing in Canada will depend largely
on the degree to which the Duty Remission Program can promote productivity
improvements through specialization. Although a thorough assessment of the
program must ultimately await the impact of upcoming tariff reductions, there
have been several noticeable, if not dramatic changes insthe industry's
recent performance. Productivity data for SIC 334 indicates a near trippling
in Real Domestic Product per man-hour. Similarly exportl\, which rose sharply
in 1976 due to the industry's anticipation of duty remission, quadrupled 1n'
1977, and more than doubled in 1978. Despite a significant reduction in
exports during the succeeding years, the 1930 level remained 20 times greater

than the level established in 1975. The sudden emergence of an export capacity

¢




Table 11

Industry Response to the Duty Remission Program

Canadian TV Producers ' Owner ’
RCA Cln:ldll ’ : RCA (U.S.)

Electrohowme {Gangdian)

Canadian Admiral, Rockwell International (U.S.)
Philips g Philips (Dutch)

Quassr X Matsushita (Japan)
Cansdian General Electric G.E. (U.8.)

Panasonic Matsushita (Japen),:

Sanyo Canada (joint Canada-Japen)
Bitachi Nitachi (Japan)

Fleetwood €.T.E. (U.5.)

b )
* Canadian Admiral has recently withdrawn from the industry.

Response
North-South rationalization of televisiom productiom.
Diversification iato TV monitors and projectiom IV. .

Plan to diveisify into microwave ovens with Canedisn
plant supplying Borth American market#.

Ceased TV productfon in Canada.
Ceased TV production in Canada.
Ceased TV production ia Ceanads.
Plan to maintain employmesnt levels.
Pl}t\to meintain employmeut levels.
Plan to meintain yql.oymt levels.
Ceased TV productiom in Canada.

Source: Rlectromics Indu_t_g’ - Sub-Sector Profile: Television Manufacturing, Electromics Task Porce
Secretariat, Department of Imdustry, Trade and Commerce, 1978.
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sesns closely related to the increased participatifom of forsign—-owmed
subsidisries in their paremt firms' Amsrican markets. This is utdc;uz from
the overvhelming percentage of industry axperts shipped to the American
market during the post 1977 period (Table 12).

Although televisions represent the vast msjority of sub-sector
output (accounting for between 75-80% of shipments) there ars a mumber
of other industriss in this i:ranch of the electronics ssctor. One of these
industriss, car radio mnufnctuiin‘. has undergone ltrm:tuul changes
similar in nature to those brought about by the Duty Rsmission Program.

Prior to 1965 the car radfo industry consiated of a number of branch
plants supplying a protected domestic auto market. However, in 1965 car radics
sold original as auto equipment were included in the Canada-U.S. Auto Pact which
eliminated tariffs on trans-border tuden. The dismantling of the domestic
tariff wall prompted Philips, Motorola and several other multinationals to
close their Canadian plants. These firms were largelz replaced by
affiliates of North American auto producers vhizch established facilities to
produce specific car radio models for both the Canadian snd American market.

Although pr::ductivity estimates are not available (apart from those of
the entire sub-sector), trade data suggests that the performance of “car radio
manufacturing compares favourably with that of non-rationalized segments
of the nub-uc&vl,['. Befween 1968-1975 the car radio -industry was the
only industry in the sub-sector which recorded a positive trade balance.
Moreover, ex;)ortn of car radios to the United States accounted for nearly 902
of all electronic consumsr product exports despite representing no more t.—han

102 of sub-sector shipments. .

&



Table 12

Televigion Exports

Total Exports
Year Value Quantity
(000°'s $) (mumber of sets)

1970 4064 21739
1971 2498 17949
1922 836 s891
1973 ikl 1988
1974 976 3184
1975 1429 . %675
1976 4664 17361
1977 17128 80537
1978 42885 196826
1979 30057 92778

" 1980 28605 68250

Source: Statistics Casmada, Catalogue 65-004

'] oy
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Exports to the U.S.

Value

(000's $)

3350
1743
557
199
158
1081
4456
16530
41692
29432
24594

Quancity
(oumber of sets)

16739
11103
3767
€33
761
3461
16860
79236
192763
90879
56961 -

£§
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SIC 318 is dominated by a group of Amsricilm br;nd multinationsls engaged
primarily in the manufacturs of mainframe computers and related equipment.
Many of these firms have evolved from lhpplicrl of slectro-mechanical office
products and still produce some nom-electronic goods such as electric
typmiteuls. However, the rapid growth in computer wmarkets over the
last two decades has lessensd the importance of these goods to the extent
that the vast majority of mb—-cci:or shipments ars currently elsctronic
in nature.

Although most manufacturing in the oub-uctox‘xis related to mainframe
computers, there are no facilities in Canade which produce entire machines.
Instead, there are s number of plants which manufacture specific computer
parts primarily for export. The emergence of more specialized plants
oriented toward international markets follows widespread parent-subsidiary
rationalization in the 1ndu:‘tg. This form of restructuring contrasts
sharply with the branch plant mode of operation which prevailed in most of
the industry's foreign-owned plants during the 1950's and early 1960's.

The structural transformation of the sub~gector has takem place within
the context of broad techmical changes associated with the transition from
electro-mechanical office products to electronic computers.The msnufacture
of‘ electro-mechanical offige products was more suited to low volume )
production and, the locat of plants had been highly sensitive to domestic
tariffs. These characteristics contributed to the frequent incidence of
foreign-owned branch plants in the past. Altermatively, tariffs have played
a relatively minor role in determining the location of computer manufacturing
vhich_has discouraged the establistment of assembly type plants in small
protected domestic markets. In this latter case, govermment procurement

and investment subsidies have besn commonly smployéd in Canada and elssvhers
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to attract the location of scale efficient plants, producing largely for
export markets. These indusgtrial policy instruments, in conjwection with
the trend among multinationals toward a greater global rdtiomalization of
computer production, have impected the recent structure and pcrtotngm of
the sub-sector, «

Industrial policy in this sector has been pradicated on the assumption
that there are insufficlent domestic opportunities for the development of
an indigenous mainframe meanufacturer in Cluda This has led to the
perception that future msnufacturing in Canads will depend largely on
the activities of foreign—owned subsidiaries. This viewpoint is supported
by the presence of pronounced scale economies in the industry which, among
other factors, has discouraged entry even in very large domestic markets
such as the U,.S. and has undermined the attempts of European governments
to support the development of jan indigenous industry. These considerations
seem pertinent to the directio(x taken by Canadian industrisl policy in this
sector.

Despite the size of its domestic market, the American mainfraine
computer industry is very concentrated with four firms accounting for over
902 of the market (Table 13). Historically IMM has dominated the industry
through its control of roughly two~thirds of the domestic mainframe market. In
1979 its market share rose slightly to 70.5%. By comparison, the next
largest firm in the industry, Honeywell, had a 7.3 market share. Since 1965
no entrant to the industry has managed to capture mors than & 1% market share
and during this period a number of major electromic firms including Philco,
RCA, Gemeral Electric and Xerox have left the industry. ‘ }‘

Economies of firm size, product differentiation, and the leasing system
have been identified as important determinants of the industry's :tructurel6

Brock (1975) estimates that prodv{ct differentisition alone confers a 20-30%
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price advantage to sstablished firms. This estimate refers to the degree

vhich a potential entrant must underprice sstablished firms in order to ~

induce users to switch brands. It is typical for a-major manufacturer to re-

supply as many as 30X of its original cu-tmrsu. This apparent dcg‘ru
of produet differentiation is largely explained by software 'lock-ins’
vhich tie users to a particular manufacturer over successiye generations

of computer hardware. Lock-{ns fth\untiy result from a lack qi

compatibility between ths software routines associated with specific brands

of mainframe computers. Consequently users are discouraged from switching

manufacturers by conversion costs which must be offset by savings in either

price or lease ratcsm. This tends ts protect the market share of large

established firms and restrict the potential market available to newcomers.

Entry to the industry is further.impeded by a number o‘f scale
economies which favour very large size fi:gn. It is gt,iuted that a firn
with IBM's market share enjoys widespread cost advantages over its
competitors which at most have only a tenth of its nrkc:t. Scale
economies result in 5-15 per cent lower units costs in manufacturing,

2-5 per cent in distributiomn, 15-20 per cent in maintenance and other
support ;ervicen and 50 .per cent in software. A weighted average of these
19

economies suggest an overall cost advantage of 19.4 per cent .

The most formidable barrier to entry is the industry's financial

requirements. Estimates of the assets for the now defunct computer

divisions of General Electric and RCA indicate that a minimum investment
of approximately 1 billion dollars was needed for entry into the American
industry during the early 1970's. If investment costs have kept pace with

inflation it is likely that the level of minimm investment has since

*
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Firm

Amdahl
Burrowghs
cbC
Bendix (
Digital Equipment
Boneywell

General Electric (2)
Xerox (3)

IM

1)

" MCR

Philco ‘5
Univac

RCA" (4)

U.S. Market Shares of Mainframe Computer Manufacturers

-
L
‘ﬁ
Table 13
(Percentages)

1955 1960
3.7 2.6
- 0.8
b 1 » 3
’ - 0.8
- 0.8
66.0 74.4
- 0.7
- " .4
19.4 ~12.3
- 2.3

(1) Bendix sold its Computer Division to CDC, March 1963.

{2) General Electric's Computer Division was sold to Honeywell, October 1970.

(3) Honeywell acquired Xerox's installed base in 1976. )
(4) RCA discontinued menufacturing computers in September 1971 and transferred its lease base to Univac.

1965 1970
3.4 3.9
5.0 4 )
0.1 0.4
4.0 8.3
4.1 -
0.1 1.0
68.2 67.2
2.3 2.6
0.8 0.3
8.5 7.2
3.5 3.8

1975

i

0.1
5.9

4.0

0.6
8.1

1.3
68.9
2.5
0.1
7.9

1979

—cmctt

1.2
6.4

3.3

1.0
7.3

70.5
2.3

7.2

Source: ¥, Kline, 1980, Computers: Key to Productivity in the Eighties, Drexel, Burham, Lambert Inc.
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The magnitude of minimum investment levels is mainly attributed
to the leasing system which, through the practices of IEM, has become an
industry convention. An entrant must have financial resources at least

ten times as great as its lease base in order to circumvent cash f.low
20

bottlenecks” ,. In addition, lease financing leads to initial negative rates

of return by spreading revenus over the life of the rental term. All of
these factors (in addir,ian to others not dealt with here such as tactical
price-curring by IEM) underlie the difficulties of entering the mainframe
industry.

Despite the above implications, industrial policies in Europe have
attempted to foster the development of their own indigenocus mainframe
industries. By and large these attempts have met with very limited success.

The French firm, CII-HB, has managed to capture only 5 per cent of its

domestic market despite having received roughly a quarter billion dollars of

government support. Britain's national supplier, ICL, Kas maintained a
somevhat erat@ share of its domestic wmarket througf public procurement
t

but like its French counterpart has failed to cwz‘ste effectively on

international markets. West Germany ha s recently wbandomed the objective
of establishing a national supplier after earlier support to local firms
failed to createan intermatiomally competitive producer.

In Canada, reliance on foreign multinationals has focused government
intervention in the computer industry on securing increased manufacturing
for local subsidiaries. In doing so, industrial po.licy has emphasized the
need for more specislized plants and broader market mandates for products
produced in Canada. The extent to which government intervention hn'q
influenced parent-subsidiary rationalization is evident from the following

5

summary of structural change in the industry over the last two decades.
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Since 1966 miltinationals have both closed and opened a number of
plants in the industry. Considered separately, these changes have ‘occurr'ed
sporadically and relate to specific corporate cond;.tionl. Bowever, the
cumulstive impact of these changes have fundamentally altered the
industrial landscape. Earlier branch plants, mainly producing
electro-mechanical products, have either been scrapped or retooled for
production of more specialized electronic products. New production facilitieé
have been added, many of which export a sizable percentage of shipments
to affiliated firms in foreign markets.

In most instances the location of new mtm.}facturing facilities have been
encouraged by government procurement and 1mest;ent subsidies. One example of
this type of intervention is the 8.3 million dollar PAIT grant given to
National Cash Register for the construction of a plant in Waterloo which
has a world product mandate for producing electroni‘c banking equip{nent.

The establishment of this plant enabled the firm to maintain a manufacturing

presence in Canada following a decision to discontinue the production of electro-

nechanical office products in a Toronte planf2 i; Other examples include &
a

20 million dollar PAIT grant to Contrcl Data to establifh a Canadian
Development Division, a DREE grant (coupled with defensé procurement) to

Burroughs to set up a disc memory plant in Winnipeg and a federal purchasing

agreement which encouraggd Univac to build plants in Winnipeg and Dorvalzz.

In other cases intense moral suasion has been used to induce industrial <

restructuring. This approach led to a specialization agreement between

the federal government and IBM. Prifor to the agreement the firm had largely
been involved in assembly operations for the domestic mrkgt. The

agreement brought about a restructuring of the Canadian subsidiary emphulzing
product specialization and greater access to IBM's world markets. IBM

World Trade Corporation granted the Canadian subsidisry partial world

o
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product mandates for key entry devices and electrical typmiter-n.

The large scale production of these products in Canada has led to the
expansion of the firm's Toronto complex and the constructionyof a new plant
in Bromont, Quebec. “tﬂm 1968-1976 muflcturin; employment has grown
by 352 and & five-fold increase in exports ﬁn enabled IBM to near its °
comnitment for balanced trade betgen it and its Canadian subsidiary.

Digital Equipment is the only foreign-owned multinational in the sub-
sector that has expanded the scope of its Canadian operations without direct
government assistance or other forms of intervention. The firm prod'ucen
computer back panels chiefly for export and ASBGGI)!blel microcgmputeru
for the domestic market. In addition, the company is involved in the
development of electronic systems for application in Canadian resource
industries. ~

Until very recently the participation of domestic firms in most areas
of the sub-sector has been precluded by the size of scale economiee in the
computer industry. This has been tacitly recognitzed by government policy
through its emphasis on efficiency as opposed to foreign control. However,
current techn_plogic;l tret’xds are introducing "s newv generation of electronic
of fice products whose poential impact on industrinl structure may rival the

importance of earlier changes brought about by the obsolescence of most

electro-mechanical office products. The advent of microprocessar based

Q
equipment including word processors and mini and micto compukﬁrg are radically

changing the composiiion of the market for électronic office automation
equipment. Thege nroduct; are widely replacing traditional mainframe
computers in Sany data processing applications and their ‘hare of the
compn*ier ﬁ/rket is ]J{ely to increase gignificantly in the nen-' future.
To some extent this change in market composition hn' nlrcuiy occurred. ¢

- A Y

N ¥
In 1970 mainframe computers accounted for 9&.7_1 of the world computer
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market. By 1980 its share of the market had fallem to 78X and is
axpected to drop to approximately 60X by 19852"-’.

The rapid growth in the urkctffor nicroprocessor type office
equipment holds important industrial implications for Canada. The expected
changes in the industry's product—mix will create greater opportunities
for domestic firms. Unlike mainframe manufacturing, entry into these
rapidly emerging markets is relatively open. As noted earlier in Chapter
1, scale economies are very minor, minimum investment is in the 5-10
million dollar range and like the case of other new electronic products,
innovative producers can expect significant productivity growth through
learning economies. ... )

Already, a grgwing number gf small indigngous firms have entered
thie end of the market. These firms are very tdchnology intengive and their
presenc'e in the industry is usually predicated on a single product
incorporating some novel technological attribute. Although market selection
will likely weed out many of these enterprises, there are signs that some
will survive and establish their own niche ih the vast electronic office
automation market. One Canadian firm, AES, has after s commercial life of
only six years, become a major innovator in word processing equipment. The
fin?&s gsined 1nt¢rnationp,1 recognition as a producer of stand
alone word processors (word processors which are sold aas individual units
but can mnicate among themselves or with a mainframe system) and exports

‘s

well over 752 of its output to world markets.

* Recent gtructural changes which permit the emergence of firms like

AES may lessen the industry's dependence on foreign-owned multinationals .
The basic premise of past policy, the inability of small domestic firms
to compete in a scale intensive industry, seeas less appropriate with respect

" to the more dynamic segment of the computer market. Thus it may now be
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possible to increase the level of dowmestic control in the sub-sector
without compromising the efficiency gains achieved through the past
Tattonmatization of foreign-ownad pubgidiaries operating in the mainframe

arena.

Sgeculizatian and Intra-Industry Trade: A Test of the Rationslization
Hypothesis

It has been frequently argued that as a result of mccinliza‘!:\:lon of

RS, WGt e

firms within an industrial sector, both imports and exports of goods produced
in that sector increase. Exports rise because specislizgtion leads to larger
production scales and lower unit cosur thus making those -products in which
the industry specializes more competitive on 1n:eqational markets. Imports
rise bhecause firms in the 1n£1u ry eliminate some product lines which 3
they or others :En the economy must then import.

In recent years the prospects for improved efficien.éy in Canadian
manuf acturing oug¥ trade induced specialization have been vigorously

debated in discussions on industrial policy. Proponents of trade

11bera1;zation have argued that specialization is essentially an’ i;xtra—
gsectoral phenomena. If g0, the adjustment costs associated with structural
change are likely to be less severe th;n the costs of relocating labour

and pf;ysical assets across different industries.

Although insgtances of restructuring at the firm level are well h%\a:)
levels.

it has been difficult to identify specialization at more aggregate

TN S S

One approach is the Lermer test (1973) which attempts to measure the
impact of structural change.on the level of in‘tra—:l.ndus&try tradezs. &
It is ar%ued that in the absence of specialization, increased demand M
for imports of- a particular industry can be explained by chang®h in the level
of national income. Hawgv/er, if specializatiofl had occurred within the

sector, a correlation should be found between movements in the volume y '

of industry imports and exports. In this latter case, the inclusion of
- - 4
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exports as an indspendent variable in an squation intended to explain
import growth should improve the explanstory pwoer of the equation.

Although Lermer's inferences sesa reasonable, tl‘x model does not
control for other influences such as changes in the international
terms of trade which may affect any functiomal relationship found
between movements in industry exports and imports. Since the model cannot
discriminate betvuq endogenous and exogenous causation; its application

is suspect in sectors where there iz mot prior evidence of ratiomaliszation.

Hovwe;-,‘ in the electronics sector there is evidence that specialization has led
to the rationalization of large segments of the industry and this is
reflected in sectoral trade flows. Therefore the results of the Lermer
test may be interpreted as a partial confirmation or refutation of the
rationalization hypothesis.

The Lermer test was used by fitting equation (1) by an ordinary least
squares regression, The regression was run on industry trade data for

the yvears 1970-1979,
(1) Ia = a0+ a Y+ lzx.

I.I = imports of sector s
Y = GNP

X“ = exports of sector s 0

The expected values of the coefficients are as follows. In a rationalized
industry, a; should be positive and gignificant, indicating & positive
h]
functional relationship between imports and exports of a common category

. ¥ :
of goods. Alternatively, in a non-rationalized industry the export

" coeffidient would be insignificant and/or negative. ‘ !

Separate regressions were run on individual sub-sectors and on an

industry composite congisting of aggregated sub-sector data. The test
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at the aggregated industry level is du:l;nod to include “lmillizationé
that may have escaped deteaction at the sub-sector lewvel due to
inter-sectoral restructuring. The ‘results from these regressions are
summarized in Table 14.

At the industry level rationalisation is confirmed by a positive
and significant export coefficient. The income coefficient is alsc positive
and significant. Rationalization was also confirmed im three of the five
industry sub-sectors. In the case of components, t¥e income coefficient
was found to be insignificant which suggests that rationalization must
have been relatively strong to account for import growth. However, in two
.other cases rationalization was not confirmed at the sub-gsector level.

P The a; coefficient'for the instruments and systems sub-sector yas positive
but not significant at the 951 level and the coefficient was significant but
negative in the telecommunications sub~sector. The difficulty of obtaining
accurate trade daeta for the instruments and systems sub-sector may have had
some bearing on the sector's inconclusive results. It is likely that the
perverse results in telecommunications indicate the impact of foreign
governments’' procurement policies on domestic investment decisions. In
particular, the Rural Electrification Authority's domestic content
rggulation.s compelled Northern Telecom to supply an incressing pcrcent.{g‘e’
of its American market from its U.S. subsidiary instead of through exports
of Canadian made products. Given the firm's importance in the sub-sector, it is

_reasonable to assume that Northern's response to American protectionism has

influenced the relationship between sub-—sector imports and exports. \
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a ‘ . Table 14

. : / ¢ Regression Results

d Sector Y Coefficient * t Stat. X Coefficient ¢t Stat. 2’ DV, Stat.

- Total .641238 3.76851%% : 1.68336 3.76851x% - 9854 1,86
Components ' .113853 '1.18864 ) 3.16535 2.65588%% 8812 1.4752
Telecomm. . 18947 ’ 17.4023%% . -.195358 . 2.97725%% - 9941 2.158%
Consumer Products .19822 6.29493%% 1.09626 . 1.74706% .9581 2.1908
Wt:rl .520520 3.69545% 1.79694 1.84098* 9629 1.352%
Instruments . .810354 3.984600+ . 299660 1.00724 9595 1.7235

®* gignificant at the 95 level, ** gignificant at the 99X level
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statistics between automobile radios, othsr consumer products (radios,
tape recorders, record players) and televisions. ‘
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Contisued. ..

Automobile Redios

(millions of constant 1971 &ollars)

67

s s

u 1968 1978
Domastic Market 22 30
Shipments k1 31
Imports s 22
Exports ; 22 23 -
Trade Balance 17 1

Ot r ts
(millions of constant 1971 dollars)
1968 1976
Domestic Market 98 - 191
Shipments 63 46 ’
Imports 41 147
Exports 6 2
Trade Balance . ~35 =145
-
Televigion Receivers
(thousands of sets)
1936 L1918
Domastic Market 622 1423
Shipments 614 471
Exports 0 . 92
Imports 8 1044
Trade Balance -8 ~952

¥
The comparison illustrates a fundamental, difference between protected
industries and the car radio industry. In the former case jexports are
negligible and import growth have significently reduced domestic
production. However, in the latter case exports have more or less
stabilized domestic production lavels despite the increase in the
level of import pemetration. Source: EKlectronics Task Force
Secretarigt, 1978 op cit.; Electronics Task Force Secrstariat; 1978,
Electronics Industry Sub-Sector Profile: Radio smd Other Consumar
Electronics Products (Ottawa, Department of Industry, Trade and
Commerce).

a Z

15. TFor example, the largejt firm in the sub~esctor, INM, controls
approximately 80X of the dowestic market for slectrical typevriters in
addition to its sstimatpd 55% share of the Canadian mainframs computer

market.

16. G. Bfock, 1975, The U.S. Computer Industry(Cambridge, Ballinger Press).
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A study of purchasing habits by mainframe users in the V.8, .
revealed that 91X of Burrough's custowers remained with the ;
mamifacturer in updating their system. Similar levels of consumer
allegiance were found smong IBM customers (82%), Honeywell (792)
and NCR (76X). Cited in G. Brock, 1973, op cit.

Conversion costs vary dpending on the extent to which programe and
data formats must be changed. Frequently conversion requires the
retraining of operators and programmers who may not be familiar

with & new system. Secondly, each menufacturer offers its own duloct
of high level computer lamguages in order to optimize -pociuc machine
characteristics. Therefore, even if different manufacturers' computer
languages are compatible there 4s likely to be a loss in software
efficiency if programs are used cnmachines with different operating
characteristics. Thirdly, if programs are not compatible, a major
investment in programing wust be made in order to sccommodate the
software requirements of & new opearating systam. In the extroeme case,
a usar's data may not be in a format that is acceptable to a

different manufacturer's machine. The conversion costs associated

with converting large volumes of data into another format are
generally prohibitive regardless of any price or rental savings

which might result from switching manufacturers.

P ——

G. Brock, 1975, op cit.
G. Brock, 1975, op cit.
FElectronics Task Force Secretariat, 1978, Electronics Industry

Sub~Sector Profile: Computers and Office Products (Ottawa,
Department of Industry, Trade and Commerce),

" Ibid.’

The Canadian firm along with one other subsidiary of INM are the only
two locations outside of the United States which produce electric
typewriters. Source: Ibid.

F. Kline, 1980, op cit.

G. Lermer, 1973, Evidence from Trade Data Regarding the Rationalirzing
of Canadian Industry, Canadian Journal of Economica, (6) 2.
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Snartes 3
TRADE POLICY

The rapid growth in the level of intra-industry trade has been a
key feature of the recent development of the Canadian electronics industry.
Although it has led to a mounting trade deficit in most electronic products,
trade has provided a major impetus for the rationaligation of large z;ent:
of the industry. The continuation of these trends will at least in fart. C
depend upon the coursé of future sectoral trade poliecy.

The primary concern of govermment in determining trade policy is the
maximization of net social benefits for its citizens. This objective may
or may not be consistent with a trade surplus. In this respect policies
must be asgessed from the perspective of their potential contribution to
increasing social welfare. Thus an optimal policy is one which achieves
the greatest social gain regardless of its impact on the balance of

trade.

Theoretical Arguments for Protection

Standard neoclassical theory maintains that protection will
generally lower ;ocial welfare by inducing an inward shift in the economy's
consumption pouibility" frontier. In addition to reducing the real ‘
income of consumers, tariffs encourage an inefficient allocation of resource
There are however, two rationales within the framework of neoclassical
analysis for governments to deviate from a free trade policy. The terms
of trade and infant industry argm;nto provide cases wvhere the protection
of a domestic industry will result in a national social welfare gain.

The terms of trade refer to the price ratio between a country's
imports and exports. An improvement in a nation's terms of trtde— can be

brought about by a decrease in the relative price of its imports. 1f a

country's consumption of an imported good is sufficiently.large to influence

¥

a



the world price, it can lower that price by restricting domestic demand
through a tariff. The reduction in the world price of the imported good
will improve the nation's terms of :udcﬂat the m of exporting
em{nti-in. At some optn:nl tariff rate the terms of trade effect will
( outweigh the efficiency loss :uociaud with the tariff induced
divergence between domestic and world prices. Provided that the importing
country has sufficient market power to influence world demand,
protection can lead to a social welfare gninl. chrthglola, it 1is
important to stress that the terms of trade argument is predicated on the
use of market power and for ;:h:ls reagon is not generally applicable for
small economies which cannot affect world prices by changing their
f level of domestic consumption.
The infant industry argument can be applied more readily to small
economies since it does not rely onthe use of market power. It is instead

based on the assumption that a potential comparative advantage could be

realized if an emerging domestic industry is temporarily protected from

import competition. It is argued that infant industries cannot initially
withstand import competition, but, given temporary ptotccti:on, they can
in time, become internmationally competitive, It is possible that,

taking !!.nto account the future efficiency improvements 1:; the industry,
the present value of the welfare effects of protection will be positive.

The potential welfare gains from infant industry protection are
111ustr:ud in Figure B. In the case shown 1t i» assumed that the home
country is sufficiently small that it takes the world ptice'of the commodity as
a given. "rhus, the supply curve of imports is horisontsl at the world price

Pw' It is further assumed that there is an increasing cost domestic

industry whose supply curve is upward sloping.

i

e eI BRESET o e e e C e

-

o st e A e



71

N . . —— = - -

D

i

si

- o -

D'

o R T

o - - .I..I-"A

- e aw aw m o f

- - ]

Qy

Q

L.;
tay Hf

Price
(14t) b = — - —

P
v

g

. <

o
r i ah




e i,
PP

" e e ———

72

L) Under free trade Pv is the domestic as well as world price for

some good . Given a domestic demand curve DD', the home market will
consume 0Q, units of the product, all of which are imports. 1If a protective
tariff is applied at an ad valorem rate t, the domestic price will

become P w(1+t). At the new equilibrium point (C), domestic

consunption falls to OQ.. 0Q; u'nits of the goog will be produced by the
domestic industry while the balance (DQs-0Q;) is supplied through imports.
Cohsumer surplus falls, relative to its free trade level, 3’ the sum

of areas D,AE, %nd B¢ Howéver, the tariff creates & producer surplus
equal to area D since price exceeds the marginal cost of domestic producers
up td\OQI . In additign, goverument revenue increases by area E which
is equal to the level of imports times the tariff rate. On balance t;here is
a2 net welfare loss of A+B per period. Now suppose that the domestic

(} indusgry learns 'by doing' to produce more efficiently snd the domestic
supply curve shifts downward to 5:8;' from its original SS' poaitionz.

To simpli;fy, we can depict an esséntially continuous process in

discrete terms. Imagine that this shift occurs suddenly at the end of

b

period X after which the tariff is removed. The domestic price is restored to

AN

its original free trade level but the domestic industry has increased
production to 0Q;. The gain from protection is given by area G vhich is
the producer surplus earned on domestic production following the removal

, of the tariff>. The present valye of the costs and benefits induced

by the tariff can be calculated as follows.

(lﬂ)x-t-l (1+r)n

where r = social discount rate
(3 m = period in which the tariff is implemented
n = number of periods following the removal of the tariff
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If the above expression yields s positive present value, infant

industry protection will lead to a net gain in social welfare relstive

~

to frpe trade.

Externalities sssociated with unrealized scale economies are suggested
by the infant industry arsmcnta. The presumption is that the industry
can actudlly realize these economies through a protected domestic
market. Hence the size of the protected market relative to the level of

MES is crucial. If the size of the market is not large emough to sustain

n g o

scale efficiency there is no reason to believe that protection will
succeed in lowering productiomr<gosts to the point where the infant

industry will ever become internationally competitive.

Economies\of scale can be present either in the comventional sense
of economiea associated with the rate of output per time or in the .
more dynamic sense of economies associated with cumulative output over
time. The latter variety of scale economies are better suited to the
infant industry argument since they involve inter-temporal changes in
efficiencys. In the cise of learning economies, the validity of
infant industry pro_tection depends on the rate of lesarning and the range
of cumulative output in whic}-; learning takes p1.ce6. This information is given
by the slope and the asymptote of the learning curve. If learning occurs
indefinitely it is inappropriate as an argument for infant industry
protection since mature competitors will always operate at lower‘ unit
costs than later entrants. On the other hand, learning my‘uubside beyond )
some level of cumulative output in which case an infant industry co;xld
become internationally competitive provided that sales in the protected
domestic market permit it to reach the a:ymptote‘ of the cun;:x. "
The importance of the parsmeters of the lsarning curve vith respect

to protection is shown in Figure C. : !
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~
The curves AB and AD denote two possible loci of a learning functionm.

The f;r-t curve reaches an asymptote at B where produécr- attain a long-

run minimum average co:t\:of OCy with 0Q; units of cumulative output. The

second curve, AD, is more steeply sloped and unit costs continue to dec¢line

to 0Cy; with incx;:ning cumulative output up to 0Qz. Relative to a

fully mature firm, the cost disadvantage encountered by entrants Opeutiné

along curve AB is OC,~ .GC, and the disadventage for those operating along

curve AD ig OC, - OCj. . 1f domestic cumulstive demand during the period

 under consideration equals0Q: , the protected infant industry cln‘ capture

all learning economies along curve AB but not along curve AD. On curve AB

th: domestic iriduatry will have achieved cost parity with more mature

foreign competitors since differences in cumulatiwve output beyond 0Q;

have no bearing on their relnti;re competitiveness. However, in the

latter case, the cost reduction achieved through learning economies

up to 0Q; will stifl leave domestic producers lagging behind the

efficiency of foreign firms wi}:h greater 1eve%s of cumulative output.
There is yet another :rgume;t for protection which complements,

‘hut is not necessarily dependent on,the infant industry case. Prnfure‘ncel in
public procurement for domestically produced goods represent a major
barrier to trade in certain industrjies. They are particularly evident
in electronics and other high technology industries where public procurement
is 'a relatively important source of demand. In interviews, several

electronic system firms suggested that procurement policy performs a

" signalling role by conveying information about the quality of unproven

products to potential customers in foreign markets and to a lciuer extent
to those in the private domestic sector. The ratiomale for signalling
intervention through public procurement policy {s that potential foreign

customers will perceive a product to be inferior if the home govarnment of

L3
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the manufacturer does not fulfill its own requirements with the
locally produced good. This, in effect, would constitute negative signalling
and hinder the acceptance of the domestically produced product in foreign
. .

markets.

The signalling argument is typically applied to innovative capital

o
goods where the user is particularly concerned with the performance, safety and

reliability of the product. For example, the procurement of advanced
electronic devices for defense and aerospace applications is geherally
based on these types of considerations rather than solely on conht.“ In
these markets, past reputations for reliability confers a major advantage
to established fimfis over lesser known but not necessarily less reliable
competitors. This form of product discrimination poses severe entry
barriers to new firms,particularly if they are native to countries which do
not have large marKets for th-eir products. In these circmta\ﬁcu,prior
procurement by the firm's home government may creste demonstration effects
which enhance the firm's international credibility and mitigate the -
barriers they face in foreign markets.

The need for signalling intervention is parmoqnt in cages w!)éré

market discrimination in foreign countries is not warranted by the user's

rational appraisal of the risk associated with the product. For exnnpley

‘arbitrary purchasing conventions which require the demonstration of past

performance may unduly disgriminate against the lcquisition of4| lesser
known or more recent, but superior product. Imn this case the arbitrary
purchn;ing convention would have adversely affected market selection. On
the r.;ther hand, procurmentl conventions may reflect the market's ‘
rational evaluation of the risk involved with an unproven product or
unknown manufacturer. The question then becomes whether the home gmlrnunt

J

of the producer should be willing to assume a sizable risk either \thr!f\uh the

direct p}oéumt ‘of tha product or through posting & performance !
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bond on behalf of the sanufaccurer in sales to the domestic ?riv'ate .
sector or to customars in foreig‘n markets. This ultimately depends on

the ability of the government to absorb risk norel efficiantly than the
private sector. If the government holds such an advantage, the use of -
public procurement as a signalling device may be justifi;d even in the )
absence of a market fnilufe. (The matter of the state's risk bearing
advantage will be discussed more thoroughly in the following chapter

on R and D policy).

Although the signalling argument provides a rationale for gévemmn

to support domestic manufacturérs through public procurement, it does not

imply that govérnments should only-purchase from domestic suppliers. It

must be .stressed that signalling phenowmena are not present in alll product

#Tkets but only in specific cases vhere there is extreme danger from a
palfunction, Thus, unlike the terms of trade and. infant industry arguments,
' it cannot be applied universally to all industries. Furthermore, where signalling
phenomena are present, the argument does noé\jutt:lfy the acquisition of

a domestically produced good if 1t is actually inferior to an imported

A

4 substitute. ) 5

Trade Poli.cy for the Canadian Electronics Indugm.

o

: The level of domestic consumption it any of the product sub-sectors
of the industry is insufficient to provide leverage over.world prices. Thus,
in the absencé of market power, thera is no reason to believe that
protection of the domestic industry would improve Csnada's terms of trade
in elect}:mic'pmducts. If‘ éroteétian is warranted; it must be in terms of '
an infant industry argument. h

Tbe infant industry argument has been shown to tkpend critically om

the :ehtiouhip betwaen scale efficiency and the -i:x of the 9rot¢ct.od

domestic market. Our data on static scale economies in the industry
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indicates that MES is very large relative to the size of the Canadian
market. MES 1s extremely high ixg seniconductors and mainframe

computers, less so but still cubnupt'ill in the manufacture of electromic

consumer products, and moderately high in word processors, mini~computers and

most telecommunication equipment.

4
+

There is less conclusive evidence regarding the relationship between
dynamic scale economies and market size. Learning is pq_v\uive throughout
most sectors of the industry with real unit costs typically falling 20-30
per cent with every doubling in cumulative output. A lack of quantitative
information concerning the shape of learning curves in the industry
does not permit us to determine to what extent these ecomomies céuld be

realized in the domestic market. However, there im Qullit.tive evidence,

based on interviews with firms in the learning intensive telecommunicsation,

computer and system sub-sectors, that realization of these economies require

access to international markets. This viewpﬂoint was corroborated by the

fact that exports accounted for 60-80 per cent of these firms' sales.
Although one cannot dismiss the possibility that there may be some

areas of production where dynamic scale economies could be captured within.

the home market, such cases have not been evident.- Moreover, data on

.,jxatic scale economies suggests that the Canadian market is too small

to justify infant industry protection. In fact, the earlier reported .
finding on‘?ncreu;d specialization in the industry suggests that many
Cinadian firms are already internationally competitive and are expanding
their sales-to foreign markets. - "

Trade liberalization, particularly with f.h. United States, is also
implied by the technological nature of comparstive advantage in electronic
goods. Both the incidence of immovation and the rate of imitatfon of new
technology seem to be strongly correlated with merket size’. Thise
J .

i
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findings are consistent with the product life cycle theory which maintains

that ccomies of scale m\n and D, asccess to specialized demand,and the

availability of a large pool of highly skilled labour fgvour the development
, ¢ of new techmology in industrialized natidns with large domestic mr:ketaa.

This suggests that access to the vast U.5. electronics market would

provide greater commercial opportunities for Cansdian inventions and thus

stimulate the technological performance of the indu-ti'y.

Trade liberalization throughout the industry is suggested by the
inapplicability of the standard arguments for protection and by dynamic
con-iderntiony regarding the technological competitiveness of the industry..
However, d:lff;rencu in the relative competitiveness of sub-sectors, the
level of foreign protection in potential sub-sector export markets, and in
the degree of sectorial interdependence suggest that liberalization might be
bc-tiundcrtaken th;-ough s sub-sector approach. In some sub-sectors there is
scope for {mmediate unilaterial action whereas in othﬁc multilateral action
(or at least bilateral trade liberalization agreements between Canada and
the United States) would be preferable. Therefore it is useful to consider
trade options within the context of the individual sub-sectors of the

' indq;tty.

-

a Telecommunications

The Canadian teleconmunications sector is higt‘xly compatitive s
internstionally. Exports currently account for one-third of syb-sector shipments
and rnprc'nnt over half 6f the ssles of the sector's msjor firms. Since
domestic producers are slready competitive both at home and abroad, free
trade could facilitate an expsnaion of tﬁ; industry through increased A
exports. The potential benefits from free trade are reinforced by the
fact that the domestic market is relatively small in comparisomn to currently

protected foreign markets, : ’ . ) ‘ .
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A

In principle, multilateral agrsements to reduce all tariffs on |
telecommunication equipment would be ideal from a Canadian standpoint,
There are however, a'number of deeply mbedclbed non~tariff barriers in

- Japan and in most Furopean telecommuniction markets which would minimize
the imvact of tariff reductions. It is commonolace in thc;e marketa
for publicly owned phome utilities to be either formally or informally
linked to domestic luppl:lﬂr, of telecoumunication equipment through .
ptoéuumt arrm@t-. A variety of technical standards requiring
the customization of equipment for lp.t‘.;ific mti7m1 markets has
effectively blocked import penetratien into those co{mtriug.

) There are no such impediments to trads b‘t'wun Canada and the

United States since equipment produced in either country is compatible with

each other's telecommnication systems. Nevertheless, there have been other
barriers vhich have limited Canadian exports to the American market. : }

The most important trade barrier facing Canadian firms has been the

procurement link between ATLT controlled phone utilities and its manufacturing ;
subsidiary, Western Electric. The possible dissolution of these links,
following a recent agreement between ATST and the American Justice :
Department, creates potentially enormous export opportunities for Canadian
firms such as Northern 'rcleconm. These opportunities wm;ld bs enhanced
.througg a bilateral elimination of all teriffs on telecommunication

+ products between Canada and the United States.

Components 7 .
Not only is an infant industry argument inappropriste for components, - i’ .

but protection in this sub-sector undermines the competitiveness of

electronic end-product manufacturers who rely heavily on imported

" semiconductors as intermediste m: By reducing the cost of these
inputs, the alimination of duties on imported compooents would be - A
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() P beneficial to'producers in all other sub-sectors and particularly to

1

those firms vhich produce final goods for c'xpott. For this reason even a

unilateral abolition of tariffs would be preferable to maintaining the

S

- »
current 5-15 per cent tariff rates on component imports.
\ -
Compyters
Canadian tariffs on computer equipment range from 10 to 20 per

.

| cent. In view of the scale economiu in the industry, it is highly unlikely that
Canada will ever be able to mppott indigenous -nanlcturcr- of mainframe
computers. The modest level of current manufacturing is done.almost
exclusively by subsidiaries of foreign-owned multinationals. Aside
from some remaining assembly operations geared tMrd the domestic
market, production by forcigt}—ovntd subsidiaries has been largely
rationalized for the inumt!ﬁﬁl narkets of their parent firwms
Consequently the removal of tariffs on computer imports is unlikely
to jeopnr'diu their future presertice in Canada, Moreover, a removal of
the tariff would have a positive ‘mact on the competitiveness of a number
of other industries which uss computer equipment as intermediate inputs.

The tariff poses a particular burdenfor data processing firms whose overall
costs are raised by 5 per cent by the duties on computer hnrdwlrcu.
This burden is exacerbated by the fact that domestic data processing

firms compete with U.5. firms in a number of regional markets in both

Canada and the United Statoi 2. The situation is therefore similar to

components and calis for a unilateral abolitioh of the tariff.

Y

Consumsr Products - - . ,
Canada's competitive position in electromic consumer products is /
|
: {

recent ysars there has besn ;‘grov:lng trend among North American i

F r
B - ~

. /
producers toward offshors assembly despite protection of consmmer product

5 .
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C) . undernined by the scale and labour intensity of the industry. In
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»

industriss in both Canada and the United States. It is probable that

the locus of comparative advantage will continuve to shift to less developed
countries with cheaper unskilled labour.

Our analysis of rationalization in the sub-sector suggests the

possibility of a North American infant industry -ttatcg&. This would
. entail sectoral free trade between Canada and the U.$. in televisions, #
radios and other slectronic consumer products but proteation from imports of

© third countriks. The level of foreign owmsrship in the sub-sector implies

that sectoral free trade should be accompanied by specialization agreements
kequitins the intra-fire rationslization of American multinationals currently

parating in Cmda This could conceivably lead to the location of scale

efficient plmta. in Canada producing specialized products for an

aggregated continental market. However, it is unclear whether scale

efficiency would be sufficient to restore the sector's competitiveness

given the comparatively high cost of unskilled labour in Canada. i

Electronic Systems 1 -
Canada's trade prospects in elsctronic systems asre mixed. Although

Canada has conaiderable potential at the sub-system level, domestic

firms lack the necessary corporate depth to compete effectively in

‘utket- for large system products. . ] :
The domestic market for olccironic‘mt- products is extremely )

small due to the vcry'cpaculiud pature of these products. For this

TeasOn vtrﬂtually ali slectronic system firms in Canldt are export y

oriented. System sales to toui';n markets ltf rarely affected by tariffs,

but noo-tariff barriers, ususlly in ;h foram of domestic cootent

ml:tions are commonly memurod These htrruu are frequently

drmttd through local sourcing of uundhto npn. " ﬁ
“w . ge . ¢
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‘ (*) . The presence of signalling phenomena in ut-mtiou:i system

, sales suggests that there is latitude for public intervention through

_‘I procur;nt policy. Public procurement of domestically produced \

electronic systems may generate signalling effects vh;ch positively

I Influence the foreign procurement of these products.

5 Notwithstanding such effects, it is widely known that other countries
pursue similar policies. When all countries purchase fro- their own
domestic suppliers the impact of signalling 'oy market nloctuion‘i-

partially negated to the extent that foreign public sector markets

become effeitively closed to imports.

-

Non~-Tariff Barriers / .

# The incidence of m—t;riff protection in electronics has constituted

O a major source of friction in international trade. The Canadian industry,
which is highly dependent on trade due to the small size of its home
market, is placed at a greater dissdvantage in a world of covert
protection than other’industries whose much- larger domestic maylerts
lessens the importance of access to foreign demand. Thus, in negotiating
sectoral.trade liberalization, Canada should seek cq-prehenlive unuentl/
with {ts trading partners which edtail the reduction, if not eliminatiom,
of both tariff and non-tariff parriers. Failure to .téun reductions in

non-tariff barriers would nr;.ounly‘ undernine the effactiveness of a

policy toward trade liberalization.
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(1} ‘ Footnotes ,
1. There is however, the poasibility that trading partners may ,

retaliate by levying optimum tariffs on goods in which theéy

have market power. The end result can be that both countries

are worse off than initially, but it is theoretically possible -
that one country may possess sufficient market power to enable it
to s:lnpo'e a tariff that leaves it better off even after retaliationm.

An increasing cost industry does not preclude the possibility that
producers may realize dynamic scale economies. For example, costs
may increase because input prices are bid up with increasing

output. When the industry supply curve shifts downward, rice

of inputs continue to rise with their greater usage but t

industry's marginal cost at a given level of output is lower relative
to previous periods due to learning induced productivity gains.

Area G denotes a producer surplus since the industry supply curve
rests below the world price to the left of 0Q2 « The fact that the
industry supply curve rests below the wgltr’pr‘lce does not necessarily
imply that the domestic industry's production costs are lower than in
the rest of the world. If importe arg subject to higher transportation
costs than domestic output, it is concetvable that domestic production
costs are higher than foreign preducers but that domestically
produced goods are sold at a lower price in the home market due to
lower tranaportation costs.

Grubel treats this as an externglity which arises from the fact that
the benefits of eventual coet reductions associsted with future scale
efficiency cannot be entirely internalised within the protected
industry. Domestic users of the output of the protected industry
benefit from price reductions which follow from the realization of
scale economies in the domestic market. Por exsmple, suppose that
there are economies of scale in the production of integrated
circuits. If the domestic market for integrated circuits increased,
the domestic price of integrated circuits would fall as greater
efficiencies in production are achieved through larger scale
economies. However, individual users of integrated cirguits caonot
anticipate that their actions alone will induce a price reduction =
even though collectively they could achieve this result. Therefore while
there is no incentive for an individual user to increase demand for
circuits, a concerted increase by all domestic users of integrated
circuits would be socislly optimal for the user industries as a whole.
The tariff would induce this type of collective bghaviour and therefore
confer external benefits to user industries. ¥for a discussion of this
and other externalities assdciated with Infant industry protection
see H. Grubel, 1977, International Economics, pp. 160-163 (Homewcod,
Irwin).

If there are static scale economies the industry could become
competitive without the aid of tariff protection by simply investing

in efficient sizs plants. However, if efficiency is derived from
lesrning over time there may be need for a period of temporary insulation

from import competition.
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8.

10.

11.

12.

Another relevant factor is the price elasticity of domestic ’
demand., If demand is price inelastic, price reductions will have

- a minimal impact on the growth of the doméstic market and wil

limit the indugtry's cumulative output to some level less than that
otherwise obt ble with a more elastic demand.

J. Tilton, 1971 op. cit.

For a discussionm of the product cyecle theory of trade see L. Wells,
1972, The Product Life Cycle and International Trade (Boston, Harward
University Prass). “ .

Electronics Task Force Secretariat, 1978, Electronics Sub—sector
Profile: Telecommunications (Ottawa, Department of Industry, Trade

and Commerce). ‘

In order to retain control over Western Electric, AT&T has recemtly
agredd to divest itself from ownership in local telephone exchanges.
Whether this will alter the procurement policies of local utilities
is as yet unknown,but it is at least plausible to argue that this
development will potentially open up significant segments of the
U.S8. telecommmnication -equipment market to Canadian exports.

This finding was obtained through interviews with firms im the data
processing industry.

Currently there are no barriers on the trans-border flow of data

between Canada and the United States. This has enabled regional
competition between Canadian and U.S. data processing firms. )

For example, firms in Southern Ontario can service clients in Northeastern
Anerican states #nd vice versa. Similarly, California based firms

coup;:c with domestic data processing firms in markets in Western

Canada.

.
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CHAPTER &
. ‘ R AND D POLICY

In‘mou countries the bulk of overt government support for the
electronics industry has been channeled through R and D subsidies. It \
is widely felt that massive subsidization of R and D in the industry is
sssential in order to maintain the technological competitivemess of
domestic producers. This view is accompanied by a vague notion that
future industrial success hinges on an increased domestic capacity in
the area of microelectronic technolosv and that the private sector will
not on its own allocate sufficient resources to the developuent of this
technology.

Seldom 1f ever have t:hoj economics of public support for R and D
in electronics been demonstrated. Vhilcrsupport programs have dwelled
at length on the future potential of this sector, the crucial :I.nsut'of
market failure remaing an implicit yet unsubstantiated assumption. Therxe
may of course be the standard problems of inappropriability,
learning and other economies of scale, and rigk bearing which call for
public intervention but these considerations do mot seem to figure much
In discussions of subsidy policy nor do they appear to justify the smount
of suppgrt given by governments to electronics. It instead appears that
spiralling levels of support follow from a political perception held among
gmrmenin of producing nations that they must not lag behind others in
supporting their native industry. —

What follows {s as att:empt to*focu: oﬁh some ©f the more salient
economic issues underlying public policy "t‘pvcrd industrial R snd D. There are
three fundamental questions concerning policy uhich reqtd.r'e econonic snalysis.

The basic question is will the priwvate sector, without govermmemt intexrventiom,

dlputcthemunyoptwlnclefmtolﬁb.nummr:ln:lndced1
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fundamental to the very basis of subsidization since in the abaence of
market failure, interventiom canpot be justified on the grounds of
allocative efficiency.

Assuming that there is & wmarket failure, the next question is the
appropriate response by the state. The efficacy of intervention will
depend largely on the menner in‘which it impacts corporate behaviour. For
example, if subsidies are pelected as the instrument for intervemtion, it
must be shown that they do not simply displace privately funded R&D
expenditure. Lastly, there is the issue of determining the optimal size
of a subsidy (or other form of support) in order to min.i'u p‘otunéhl social

gains from any given R & D project.

o

The Basis for“Pul{uc Interven;iion
There are two theoreticdl arguments for public support of R and D,

Both arguments suggest reasons why the market will not allocate the socially

optimal level of resources to R and D. The first argument concerns the
imperfect private appropriability of the returns to R and D while the
N

second focuses on the uncertainty of those returns. x

Inappropriability and Public Intervention

An . invention may be regarded as the production of Lnfomtion. In-
formation is essentially a public good since” those who do mot contribute to it
cannot be exf;luded from acqu:lri;g it. Furthermore, as Arrow notes, the
marginal cost of dist;ibutin; an ad&itlicnfl unit of information (that is
making the mm;ntim available to an sddirional user) is effectively %

i
:crol In order to guarsntee the optimal utiliratiom of the invemtion

# no royalties should be charged for its use. But if the price.of acquiring
new information is zero, as &@%ﬁm'l observation implies, imvestors will be

umable to sppropriste any private return from invemtions and the market

-~
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will fail to allocate any resources to inventive activity. - ,

The :ru;utional remedy for the insppropriability pto‘blq is the
patent systea which is intended tojnt.iwlate private investment in R ,
and D by permitting inventors to earn monopoly profits from their inventions.
However, Nordhaus (1969) and McFetridge (1977) have shown that patent
rightd {can never. induce the ‘mnrknt to .allocate additional resources to R
and D without simultanecusly reducing the gocial return on the deployment
. of those )resourcuz. For this reason the market camnot produce information as
efficiently as the state if the state conducted all R and D and made any
resulting innovations availqbla at no cost., Short of this idealized system,
there is scope for improving social welfare through the payment of R and
D subsidies which induce a greater allocation or resources to innovngive
activity by the private sector. Subaidiés are warrant;d under a finite
patent term because the social benefits from a cost reducing invention can .
nevey by entirely ap;;topriated by the owners of the invention. Thus,
in the absence of subgidies, the profit maximizing level:of investment ia
R and D will be less than the socially optimal level .

The case for subsidy intervention can be de_monstrated through the
following example of a process innovation. If there is perfect certainty
concerning the outcome of R and D :lnv;stmenn, a given allocation of
resources to innovative activity can be expected to result in an innovation
which reduces the cost of producing good X. If producers of good X can
acquire the invention at no cost, its adoption in a competitive industry
will lower unit prices from OP; to OP; and lead to a concomiiant expansion
in ingustty output from OQ; to 0Qz2. This e ihoun in Figﬁre b by the
invention induced dowm;n:d» ghift in t?xe in:luséry supply curve from P8 to

. f , At N
P2S' . The social welfare gain obtained from the use of the invention is given

[N +

by the area P;ACP art of this gaiit, P,ABP;y, ;ln\the reduction in the value

L
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8‘ . . of resources required to prodpc‘c the origiu;l-wtput {0Q;) and the balance,  °*

N\ ABC, is the conamr‘" surplus derived from the ndditiouil o\:tput" {0Q2-0Q;) .

' A socisl rate of return on the resources allocated to the invention
., : . ..

3 . @ @&
(R and D expenditure) can be calculsted from the f&ow of /social benefits
“per period (P,ACl/’g).\ If the rate of fetum is at least great as the .
social -discount rate the allocation of resources to the invention will be

Pareto efficient._ It should be noted however, that in the absence of patents

[

this investment would not have been undertaken by the private:sector. The

:
Ak

private rate of return on the invest-ept is zero s:lnc‘e no p:rt‘of the iocial

- gain from the inventiom can be appropriated by the owners of the resources

v

allocated \o thg invention. In other words, the increase in productivity
brought ab-out by the innovation is exhausted in the price decrease 80 that

no economic profits are earned by either %the idventor o e users of the

invention. Consequently, the invention could only have b undertaken by the

< 7 state. I ) i )

d$iternatively, }he private rate of return on R and D investments can

A be prote'cted through a patent. Congsider the ex;u;e»cue where the inventor, o~
may clai'm an indéfinite prope}ty right over the innovation and restrict its

use through & royalty charge. i‘or 'run of the will' invanti;)ns which

involve relativ@ly small cost reductions, the maximum royalty rat.e per’

unit of Olltpu.t that can be ext‘racted by the 1nv‘;ntor from prodt'xcers of

good X is equal ‘to the! cost reduction achieved th@'ough the use of the <
invention?’. In this case the adoption of the invention will leave the

price and level of output. of good X unchanged. Nevertheless, there is still

1 . -

. a social gain from the invention since it facilitdtes a more efficient
)

producttion of 0Q; units of X. This gain, P,ABP,, is the royalty income
which accrues to the inventor and falls short of the maximum social gain by an

<

/ amount equal to the forgone consumer surplus (ABG). .

|

-



: (‘) v "+ Realiszed social gains approach, but never equal maximum gabﬁ ;
(PlACP,' per period) as either the‘royal‘iy rate or the ‘patent term
vt

‘u‘f:proacl_x zero. A lower roy\alty rate implied that the imnovation will 3

 inducer some price reduction in a competitive inﬁustry but as long as the

royalty rate tiu positive, the .iﬂdu-t;y, supply curve will rest above P;S8°,
* ‘ o -

. Similarly, the soctal benefit from the inverntion can be increased by

&

J ' \  shortening the duration of the patent term since the full social, b&nef:fts .

*  per period sre obtained upon the expiration of the patent.. A patent term . \
J . of s}iorter ‘duration increases t'he number of period; whcrle the social

benefits are at a maxuﬁm and thereby raises the aggregite social benefits

f that': are! redlized over the commercial lifetime of the innovation. However,

. y patent term greater than zero will reduce social benefits by the

present value of the lost consumer surplus while the patent is in effect,

=]
»

O . . The  preceeding analysis reveals the fundamental contradiction

inherent in the patent system: The owners of an invention can only profit

-

from it if output is restricted and price raised above cost. Patents "

- induce the market to allocate a greater level of resources to investments

in 1nn;rat1ve activity but'do so it the exvense of limiting éhe social

. f:oenefits that are obtained from those J,nveltments.‘;\;;.hemore. a patent
of finite duration éan nevér fully resolve the inappropriability problem
since the social rate of return on‘an invention will always exceed the private
rate of return due to the implir_xt consumer surplus which i not privately

r ‘ appropriable. Therefore :‘he rate of cost reductioﬁ which maximizes earnings

for the owners of R and D resources will remain less than the rate of cost . E

3

reduction which maximizes social benefitnl'.
Hcl?etri.dge notes that the divirgence between the lociia.uy optimal rate

? O - of f._oat reduction and the profit maximizing rate can beﬁglim:lnated through Lhe

paymént of a subsidy to private investors. The size of ;:he subsidy will

depend on the extent of the divi?gence bemk‘ the filow of/ social and )

\ . , » -
¢ ]
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' ptivatnly approprhble bcnlfitl from any f.ven cost reducing invention. » T~

Since privately npproprnble banefits increase rclltive to social benefifs with

-\“.

the lensth of the patent term, the ’v;lu. of the subsidy will decrease ‘a the

patent term mctmu. Thus for procan ij\novntim, the tubni.dy w:ul be

)

«

zero if there iz an infinite ent term nince all social bnncfitn ara - )
P
;I \

3 , - \
privately upé:'gcd. Convern the value of the subsidy vill'incrnu- duy

to the rising consumer -urplun as the patent germ npproachu nro. When 4
-

the patent term is zero none of ‘the social benefits can be appropri.-tgl
privately and the subsidy will equal the full R.and D, cost. This latter case -

is’ tantamount to ﬁ’he,state conducting the R and D itself and making the

) ’ . L . :
innovation available at no cost. Although the social benefits produced,

-

by any batent-subsid combination (exce'pt a zero patent term sind a full
. . .
. subsidy) can never equal those produced by state conducted R and D,

subsidies can nevertheless facilitafe:an improvement in allocative efficiency.

-

—

Attempté ;mve n made to show that under certajin conditions state
ﬁtewencion may not necessarily bring about a more efficient allocation of
resources to R and D. -Eads (1974), for axmple, argued that in -

ol:lgopolistic industries with noniprice competition or in situations in which

L i o~
government regulations affect the allocation of resources to inventive
M . ’ ' ) E
activity, subsidies may induce an overallocation of rescurces to R and DS.
&

McFetridge has drawn attention to{ a special case whete the social benefits
- fro§n an invention .with private ownershipr and a patent of un\limithd duration
equﬂal the max;.mm benefits obtained through the pﬁbﬂc ownership of the
invention. L‘: the invertor has the ability to tiisciinimtg perfectly %n
the:pricing of good X the full social benefits may be appropriated
"privately. In such a case Ithe inventor could u&nopo}ize production of
good X by operating aioag a demand curve P1AD and th‘ereby Jm,mz per

period. Thi‘l ga:h; includes ABC which is otherwipe the consumer turblul

t

that is not privately appropriable. P

€t price discrimination yields

v
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the maxfmum social ‘nina and :horafou‘ is. equivalent, in officimc; te

to state conducted R md,‘ngrl!oquer, undc'rl p;r'hct price din‘ct-inmuon\i‘il of

the social 3‘1§g accrue to the dwner of the R and-d resources and accordingly

is less desirable than state ovnnx"p'hiu from a di-gributlon standpoint.
McFetridge '.. analysis is essentially concerned with process innovations.

However.. cost redqcin'; inn;)vntiouc may also take the form of. new fitlli

products. If a product .jl.nnovatian performg a function similar to that of

existing prodycts, the analysis of inappropriability Ls identical with that

of a ‘proca‘u’ innovation. For example, :en Figure D, S can be regarded as thé ﬂ/

hupp;l.y curve of a conventional good and S', the supply curve of its

lnb-tiéute, the innovative good. This analogy will be valid f§r° most product

innovations since they normally represent an improvement over existing goods.

4 In rare cages, hn innovation ﬁay lead fo the production of an entirely new

good for which there is no existing substitute (i.e. the discovery of the

photocopy¥ng machine), When the new product fulfills a unique funét:lon the

1

>

entire area undemeatl; the demand curve must be considered as a consumer
surplus. Except for the special condition® of perfect price discrimination,
the development of a wholly new proﬂuct will alt;aya result in a congumer
surplus regn'rdleu‘ c;f the length of the patent term. This point can be
;lum;trated in Figure D by ucum'ing that a new product is sold at a unit

price of Ortﬁnd is produced at a unit cost of OP. In the case of & process

pr substitute product innovation the entire social gain would be appropriated

N

by the monopoly profits (P;ABP: ) which accrue to the inventor. An

inappropriability problem would arise only if the patent ‘tem//is finite.

/ LY

However, for innovations which result in wholly new prbdu.ctll. a consumer
A '

. > / .
surplus equal to DP;A occurs even with a producers surplus of P,ABP;. \
Thus the inventor is unable to fully appropriate the social gain even with a

patent term of infinite duration\'




i

a

producer surplus must exceed the investment cost (K). In our p_x:"ev;l.oui

. competitive market with perfect certainty canll be achieved either, by the

¥

<@

‘¢ ‘ .
A fingl consideration in tha mdyc\h of 1upptmm£11cy is the -

]

possibility thiat@the commercialization of a ;iruduct or process innovation may
i o - S .

require the inventdbr to'hkake capital expenditures in new plant and '

equipment. °Unlike the actual R&D expendittire, these casts may not
A

necessarily be assumed in the '-upély curve shown in Figure D. in such
giréulstaneu 'm m;ntor night reap gross urninan of P1ABP; per period but
could incur negative earmnings once investiment costs are considered.

By tl';e um token,u investment in new ;llmt and equipment must be considered

L]
[

in the éalculatﬁen of net social benefits.

. .
In cases where the commercial development of an invention requires a

substantial capital expenditure in new plant and equipment, the necessary

—

condition for a social .gain 1s that the present value of the commrhand

T

‘ h .
example of a product innovation the following must hold. =~ °
L 3 s n

DP,A

P ABP - 4 \ B
+ ' .

> K '

4 ©< .

The condition for subsidization based on 1nq:proprii‘biligy is that the

r

social gain (consumer plus producer surplus) exceeds the investment cost

and that the latter exceeds the producer surplus. Thus:
¥

P1ABP;

-~
P24

°

DPjA P1ABP;

s —

r r

- i

In sumary, a Pareto efficlent allocation’of resources to R&D in a
. k]

>

[

K

+ >

state conducting R & D or by iarivate individuals with the ability to perfectly

discriminaté in the pricing of the invention. An efficient market aallocation of

-

‘resources will also occur in the case of a process’or substitute product imnovatior

if the :I.pver;:or is granted an infinite patent term. If the life of patents are
’ t

’

s e AR



-

T NN

:lnnpvative activity. A fnndmcnm remlt obtained from the consideution

L] \ "..’Or" 9'5 {
* Dme : ' « ) .
fatte, or if perfect. pric diocrhimtion 1s not-possible, the -\ |

market's alloc:tion of resourcds to R&D vill be .ocully suboptimal.
[ I \
In these circupauncn s more efficient. allocnt:lon of ruourcu can be

effected by the p:ynent of & subgidy, owing to the mpcrf-ct privnu K )

-

approprhbility of the. f‘“xum to R&D. T~ ’

ucun:lng ﬁerfect cnrtainty. The introduction of mccrtninty and risk averse

behaviour adds an important tipension to the 1uue of public unpport for

of rhk is that investors will always choose to hold an asset with the .

leaut risk from a sel\é(:tion of assets which share’ a common rate of return.
t
Tl}il simply reflecn the fact that risk 13 an eéonomic coat‘vhich r:l.ak averse

mdividuals ‘tﬁll attmpt to minimize.

Na !

- ce risk is allowed to influence investment deéfaions«, s:ibnidization

-
-

may no 1 Ege; be s\;fgicent ‘to induce a Pareto efficient'ailocqtion of

& o
resources to R and D. For example, projects with potentially high social

.

rates of return may not be ur.ﬂertal_wn hy 5he private sector if they are

connidered too fisky. ¢ven with partial subsidization., This raises the

question of whether the stete should be prepared to invest in .thtﬂt projects
\ s N >
in order to maximize social welfare. " The . solution to this problem rests

- . %

- with\thg state's ability to bear rink at a lmr cost thnn the market.

Arrow (1962) and Arrow and Lind (1970) blve ﬁrgued in favour of the
st;te usuming a8 risk bearing ‘role. In both cuu, the argmnt is predmated on
the law of large numbe;a which require c’ert:-ain umptiont concerning the 3
probability distribution of the outcome af 1nd1vidu.a1 mwamnt projects.
Given the appropriate assumptioms, it is° maintained that the state may ignore '

the risk associated with any given project and finance all projects where

o

,.‘__,-r_......»...vq.
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the social rate of return excesds the ioéial discount rate. - \ ?

. . The first varisat of the case for th:r:,z::o sssume a risk i:v’uring
Th

fole '1s the; pooling ugment ndvanced by 1; is unntiauy the

standard theory of portfolio ulcction uhich n:l.ntunl that the variancc of
" . the expected rate of return ¢n a portfolio of auen vhou outcomes are

ltntisticnlly independent frol aach other nppronchu uro n the nunbct of

assets held increauoc. By pool:lng the riek acCross a vary large number of

projects , the risk associsted with '\m investment in any single project
v J_,‘ "
will have a negligible effect on the avernge return to the portfolio. ’

Ar& contends that in this fashion the stlts can effectively’ enminatc S

risk whereas a private investor, holding s far lna diversified porﬁolio,_

-

cannot. .
' . ) ' .

The extent to which pooling can eliminate risk is limited 'if there is »a
partial correlation-between the outcomes of separate projects. If the rates
of return on individual projects are partially correlated, risk pooling

can reduce but not entirely eliminate ‘risk regardless of the size of the

¥

portfolio. -

A second, although related argument for state intervention is the concept ‘
of xisk spreading. Risk spreading involves the distribution of the risk of

a single project among a very large number of investors vhereas the former
’ L

argument concerns the pooling of risk across many projects in order to

reduce the variance on the aggreénte rate of return to ;ero. Arrow and Lind
argue that thf !state"holdn an important advantage over the private ':ecto\r since
it can spread the risk of any given project across all taxpayers such that ‘

the risk borne by each individual taxpayer is insignificant.
f - ¥ o
"when the risks associated with a public investment
are publicly borne, the total cost' of risk bearing is §
insignificant and therefore the government shouyld ignore
uncertainty in evaluating public investment. This result is
obtained not because the govermment is sble to pool risk but

- o
3

' og
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becauss the gove td tﬂbutu tle risk
apgociated with any ts smong a large
' m:-bcr of people. It 1: the rink spreading aspect
. ' of goverament investment th-t iu essential to the
o e, u-ult" 7, -«

In so far as thcy are otututiully pouihlo, the risk pooling

+« snd/or qu-eding ltmt had been challeriged on the grounds that it

fails to demonstrate vhy the state is better equiped to pgrforu these

functions than the market. uérc:rmgi argues that if pooling. reduced or

' elim’inates risk there is no rum why‘ a market institution would not

emerge and perform thin function by assuming an equity position in

large nu;nber of projects. Thro;xgh such an institution the pvfﬂtq sector

could firange socially desirable projects which migh otherwise be too

v

‘risky for/a single investor or firm to support. ~

» b

"Risk reduction is an economic good for which risk
averse individuals would be willing to pay. One
would therefore éxpect to observe the emergence of
. ’ an institution which, operating through’ the market, -
supplied this good. If for example, the return to
all R and D projects are independent, an institution
A vhich has an equity position in a large number of

projects, each of which was in excess of the (;uk-f;ree)
™/ a rate of

social discbunt rate, would. consistently
return in axcess of the discount rate.

is, the

¢

variance on the rate of return to the instizytion would

approach zero. Such an institution would find
profitable to take an equity position in any R and D
project with an expected rate of return in excess of

"the risk-fre¢ discount rate, regardless of the variance.

of the distribution of its possible rates of return", 8

McFetridge attributes the absence of such institutions in the

&

-

markstplace to moral hazard problems and transaction costs, each of which may

reduce the expected rate of return below the risk-free social dfscmmt rate.

For example, moral hazards may fc;llow from the institution's absorption of

the risk since this effectively divorces imnovators from some of the

costs and benefits associsted vith the outcome of their inventions.
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- may adversely affect the expected rats of return -on the resources .

. a
-
N .
! .
< , 4
. ' .
° N "‘, . 98.
-
N

Dininishing incentives for those directly fuvolved in the inventive process

allocated to R and D. In addition, the risk-pooling institution mey incur

Jtransaction.costs assbciated with the continual monitoring and avniuition .

of the projects which it has taken an equity position in. These cost not

‘be trivial, and nggi\h could reduce tha nxpnctq‘d rate of yeturn to a point ™~

vhere the investment woyld no longer be attractive.

McFetridge maintains that the state is no less susceptible to the: p

factors which militate against the emergence of a market institution,
Unless the state can.avoid moral hazard problems or operate with lower
transsction costs, it is in no better ponit§m tobear risk than the urket.:.
McFetridge concludes that since :I:t h]an yet th» be shown that ibe state

Has an inherent advantage in dealing with these problems, there is no

justification for it to support projects which the private sector will not

-

mpport on account of risk comideratim
Although there is no real basis for chnllcngins HéFetridge e contention 1

wvith regard to moral hazards, there is rcuon to question his pessimism

concerning the ability of the state to cperate with lower transaction costs

than a market institution. It is pou}ble that, given the state's exiatix{g
activities ‘and institutional infrastructure, it may achieve lower ' ) v
mc.rene—ntal administrative costs in risk pooling and/or spreading. For f
example, the state may realize economies of scope, in effect joint
production, by allocating tt;e responsibility for monitoring and '&;m::ﬁ; . f,
projects among asmcfea such as the Dt*éctmntl of Industry, Trade and :
Coumerce, Finance and Science n‘nd Tectn;élorgy which have already been
established to perform similar tasks. Although this remains an unsettlsd issue,
it 1s at least plau?le to argue that risk bearing intervention is

justified on the basis of lower transaction costs for the state.
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Policy Implications for the Level and Type of Btate Support.
Yor R @nd D : B

The appropriate level of state support for R and D projects depends )

ci::lcﬂy on vhether intervention is juntlfiud solely on the basis of private
inappropriability of the returns to R and D or vhcth;r it 1is also baiﬂ on
the lElt; assuming a-risk bearing role. McFetridge proposes the following
gu'idelinu for subsidy l;xppott vhich 1is bnle;l solely on considerations of
imperfect appropriability. McFetridge's model is predicatdd on three earlier
stated assumptions; 1) the rate of cost reductiom. in a given industry is

a positive function of the resources allocated to R and D in that industry, -
2) social benefits are positively related to the rate of 'coct- rgduction, and
3) there is a finite patent term on any invention which results frou; R

‘and D investments. Given these assumptions it is ?ouible to determine the
soclally optimal subsidy for eith.er an investment in a single R and D
‘project -or for a continuous stream of R and D investments. Let us first
consider the discrete case of an individual' R and D project. McFetridge's

. rule for determining the socially optimal subsidy is given in equation 1.

L]

(I)g'-G“iuiB'-G' . .
where u = the present value-of the optimal subsidy ) \ .
given for a specific R and D project \

i g'l- the present value of the R and D cost of the project
[

G'= the present value of gross private benefit from the project

B'= the present value of the gross social benefit from the project

Equation 1 states that the government should subsidize the difference
between the project's costs and private benefits up to a maximum set by‘the
differenge between gross social benefits and gross private benefits {¢'-g").

With respect to Diagram D, the maximum subsidy i{s limited to the difference

-

-y .~

-
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betweehr P1ACP; and P)ABP; . This rule implies three conditions for

subsidization. The first condition is that the gross social benefits

f:rol the pr;)ject ceed gross Wplvate bemefits (B' >G'). In the previous
example this requires that P, ACP; > PiABP, . If G' >}', there is no
;ppmprhbiiity problem and thus no basis for the payment of ndb:idy'.
In cues where subsidization is warranted, the second condition is that
the size & the subsidy nhould not exceed the difference between the project's
cost and the gross private benefits (u< / This confines the earnings
on the resources allocated to R and D to their opportumity cost. Finally,
the subsidy should not exceed the difference between gross social benefits
and groes private benefits ( u < B'-G’' or it; Figure D, u < ABC). 1If the
subsidy exceeds this limit it would induce an mral'loutio'n of resovurces
to the R and D p;-c;jeqt which would have the effect of reducing national
income. -The income ‘lo-s woyld be equal to the difference between the cost

of the project and the social benefits te';ulting fronf it.

The same principles can be‘npplied. to the case where therate of cost
reduction 1is a continuous function of the resources allocated to R and D.
However, in t:tis instance we are concerned with mfrginnl conditions.™ ’
When applied to the coEtinuoua case, u is the optimal marginal subsidy
or the present value of the subsidy payment in terms of dollars per unit
of cost reduction, g', 1s the present value of th; R and D cost of an
additional unit of cost reductiom, G' ‘is\thc\:lrzinal,privttu benefit
or the present value of an additional unjt of fncome which accrues to the’
producer from an additipnal \miﬁ of cost reduction, and B' is the present
value of the marginal social benefit arising from an additional “unit of
cost reduction. Other than maximizing social benefirs at the margin

instead of on a per project basis, the rules for subsididation remain the
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‘ 0 The McFetridge frnnvotk) in offcct, rules out the sublidiution of

) projcctl which the market will mot' take-on because of risk considerations.
o It has been suggested however, that the state may' b¥ able to operate at a
g ) lower discount rhte than the market and support riskier projects. The \

-

‘ J ‘ ‘inclusion of risk bearing intervention does not itgelf alter
!

McPetridge's «subsidy guidcli.nn but it is like}ly to affect th&ltypef&;i /

& : level of suppprt government uy provide. .
Inapproprilbili:yund uncertn:lnty aré distinctly u;iglte pgoblm

which evoke different policy responses. In response to u;cat\uin:y,

the Tisk bearing nrgu;nent suggests that the ;‘tate assune an equity ‘ ;

|
} position (or provide loans) in the projects it supports whereas the

- ’ inapproprisbility problem calls for direct qubsidization. Thus the

=

‘ issue 1ia not simply the level of support but the type of support which is
3 O ' xequ’ired in euch case. Since both 'factora are ;:ypically preurft, a mix of
support instruments 1ﬁ‘ca‘].led for. Government may ‘provide subsidies so that
the expected private i-ite of return on s socially ded;.rab?.e project is

positive. In addition, the state may act an an investor and sssume an

equity position in the same project to aid the firm in bearing risk..
| Although this will not affect the size of the subsidy given to any one
project, it is likely to increase the numbex of projects undertaken in the

| . . .
% ‘ private sector and thus enlarge the pool of projects which may becomé .
B . o

|

eligible for subsidization. In this wanner state investment will indirectly

-~

3 raise®the aggregate level of ‘subsidies given in support of private sector

R(md“ D. »

. Foreign Ownership and Public Subsidies .
O A questidn of particular relevance to the Canadian electronics

o] ' industry is Whether or not the government im granting subsidies should

distingyish betweer foreign—owned and domestically owned firms. McPetridge makes

P - )
| ' &
[ ' U
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the compelling argument thatalthough the soc{al benefit under domestic

ownership is greater than under foreign ownership, the marginal social

benefit resulting from the payment of a subsidy is the same regardless of

the nationality of the receipient. \
, o @
Vhere the rights to the innovation are domestically owned, the soeial

benefit from a cost reducing m%ntion is the sum of the private benefi
* R

plus the increase in consumer surplus. However, if the private bemefit accrues to

foreigners it can'no longer be considered part of the social gail\ from the

invention. It is instead a cost which reduces the social benefit sin
foreigners have a claim on domestic goods and services equal to the size
of the private benefit. Thus the social benefit resulting from an
innovat’ion will always be greater if th;! rights to the invention are
domestically ovned.

The same however, does not hold for the marginal sogial benefit
created by a subsidy. The value of the subsidy is the opportunity cost of
the additional resources allocated to R and D for the realization of the
privately inappropriable consumer surplus. Since none of the increase in
social benefits created by the subsidy accrues to the owners of the R
and D resources, their nationality is of no consequence. Therefore on the
mhrgin there are no grounds for discriminating betwesn forei;n—wned and
domestically owned firms. ‘

There are however, grounds for scrutinizing the subsidy requests

of féteign—ovmed firms more thoroughly since any subsidy payment in excess
A

of the opportunity cost of the additional R and D resources is a cost which

reduces net solial benefits in Canada. This dces not apply for domestic

y py
firms although a payment above the opportunity cost would be undesirable
from a distribution standpoint. The nead for greater scrutiny of the subsidy

requests from foreign-owned firms is reinforced by a number of empirical
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Evidence on the Social and Private Rates of Return to R and D
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observations which suggest that althou,g?x they spend less on R and
D in Lanada than domestically owned fim, thexre is a greater probability
that they will both apply for and receive a mb-idyg.

AY
r

A central assumption underlying the previous discussiol on subsidy
policy is that the social rate of return from R and'D exceeds the private
rate of return. Thisssssumption is @upported by a number of studies in
the U.S. which {ndicate that the social r-t;e- of return from R and D
are very high compared to the private rate of return on both R and D
and other privately held assets. Although no estimates of this sort have
been made in Candda there is no a priori reuon' to assume they would diffe; (
significantly from those made in the United States. Therefore a brief
summary of the American findings seems a.ppropriate.

Mangfield et al. (1977) calculated socisl and private returns on 17-

industrial product and process innovations by U.S. companies. The authors found

that the average estimated social rate of return was about 56 per cent which

they consider a lower bound. This compares favourably with Griliches (1958)
finding that the internal social rate ofA lxrc mn ft;m theNdevelopnent of hybrid
corn was 37 per cent. The p;ivate rate ¢f return variedvidely among
innovations but the average, 25 per t, was substantially below the-social
rate of return. The authors point out that in 30 per cent of the cases th‘e
private rate of return vu’y‘?o low that with hindsight no firm would have
undertaken the investment whereas the social rate of return fr.on the
innovation was so high that from*&:ﬁety's viewpoint this investment was well
worthwhile. Manafield and associates attribute the difference between the
social and private rates of return to problems of appropriability. Thus, they

find thét the difference is largest for the more important innovations for

vhich the compulsion to imitate is the greatest and for thoseimitations
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that can be imitated most cheaply by competitors.

Elsevhere Mansfield et al. elaborates on these findings. According -

L2

to their estimates and less elaborate énec made by others such as Minasian (1969)
\ v ’

’

and Terleckyj (1974) on the rate of return to R and D, it can be argued that
there is an undednwvestment in civilfian technology. Although this may be '
mte.npreted as a call for greatar government support for R and D and
mnovttiw'n; activity, the authors are uncarénin about the effectiveness of
such intervention. Our .findir'm and thoe of Hcf_etridgc, Porter and Hewitt
provide so;ne empirical basis for Mansfield's pessimism regarding the impact
of greater support on private R and D expenditures. 2 ’

Of particular interest to this study is an attempt to estimate the
social benefits from innovation in thflelectronfcs industry. Wilson, P
Achton and Egen (1980) es:imte@ consumer surplus usocut..ed with the
developmnt of MOS (metal-oxide silicon) dynamic RAM (random access memofy)
chips in the United States between 1971 and 1978. They assume no change
:n quali\y, no shifts in demand, and no significant income effects all of
wvhich allows them to interpret the annual sales of producers as points on

the industry's demand curve.  They calculate a very large consumer surplus,
{

$300-500 million, which they consider a concerv-tive ea.timte. Although

no attenpt is m#de to distinguish between social and private rates of return,

the authors suggest that most gains went to consumers sincesggmpetition vas

[

intense during this period. In this respect the results are consistént with

those of Mansfield et al. and others.

The Determinants of Innovative Aetivity
: 7

Although there are conceptual and measurement problems associated .
:gith {mnovative activity, 'there is a general lconae—rlma that the incidence
of innovation is positively related to R and D expenditure (Terleckyj 1974,
Mansfield 1977, and Griliches 1954, 1980). On the basis of these findings

/
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) - . -
it seens reuonnb{c touse R and D up'm‘:dit.nu- l:- proxy for innovative
effox;t and to focus on the determiz;ménof those .expenditures. ‘
‘Most studies of the detetuinnn'tsgof R ard D expenditure or R " 1
and D intensity (expenditure/sales) Qhave considered firm :ize,. ‘ y
market concertrationm, governn;ent subsidies and owmership (éoreign vs.
domestic) as éxplanatory varifblen. We w:li,l consideér some of the general
findings regarding firm s:lze.and”’!nrket concentration and then consider
studies on all four variables ircluding our own which use Canadian dsta.

There are reasons tQ support vnryjl.ng viewpoints on the nature of an

innovatively optimal market strutture. Among those factors which favour
' -l

large;' firms are the risk associated with fnnovative activity, economies of
scale in R and D, and better access to produt’c;: markets. It may be argued

that large firms face lower ris{kn in innovation through greater
diversification and are therefore more willing to undertake innovative activity
than smaller firms . They may also be able to conduct research at lower cost

since there may be ecodomies of scale associated with existing R and D

facilities. Lastly, larger firmé with .market, power may have important

advantages in marketing }ww products and thus are more ad:pt at commercializing ;

Y

innovations.

On the other hand, small firms are often more flexible and responsive
to the potential of an innovatjion than large firmg. It may also be true ’
that in small firms the relationship between the marketing snd research staff
ig less encumbered by bureaucracy which, according to Mangfield et al (1977)
increage the pi‘obability that an 1m\:ovntioﬁ will becomé a profitable new
process or’product. Similarly, Wilson, Ashton and Egan (1980) founci that
size was often an impediment to innovat‘ive activity in the semiconductor

industry because size and inflexibility seemed to go together. These

i

sentiments are also shared by Tilton (1972) who has stressed the importance
of a competitive market structure in the rapid rate of innovation in the o
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O U.S. semiconductor industry. . R | (\ o

Turning to the empirical work, there is little support for the

schumperterian hypothesis that R and D intensity increases monotonically
: P

with either firm size or market concentration. It seema instead that

] .
both innovational effort and outputr increases with firm size up to a

-~

certain point and then remains constant or decreases as firm size increases

' (Howe and McFetridge 1976, Kamien and Schwartz 1975). y

[l

Kamien and Schwartz have found :hai: the relationship between imnovative
effort or output and market concentr“ation is no stronger than its relationship to
firm size. They suggest that R and D is nonlinearly related to industry
cqneentration. T’lx:ls viewpoint is also held by Scherer who ehv:l)'iona an .
optimal market structure consisting of a wix of small firms which would supply

»

the new ideas, a core of medium sized firms to develop these ideas into
<

O marketable processes or products and a few large firms to take on mega 7

projects. This implies that, at least in the U.S., a market structure midway
between monopoly and perfect competition would generate the highest rate -
1)

of innovative activity. Althpugh it is difficult. to draw more concrete

inferences from the empicial evidence, it seema safe to conclude that a

policy-which promoted monopolies or tight cligopolies would be 'unlikgly to ?
increage innovative effort and output.

It is however legitimate to question whether an innovatively optimal
market structure would differ in Cansda from that in the United States.:
For example, Scherer's conception of a medium sized fi:;n in the U.S. context
is roughly equivalent to Northern Telecom, by far the largest electronics
firm in Canada. Similsrly, ﬁlll firms in Cansda are by U.S. standards, minute
1if not microscopic. Although there is no clear cut answer to this guestion,
Lﬁ, . it can be argued that in relatively mli countries g;ch as Canada, the

government would have to assume a larger role than it would in the United

States for ‘thc so~called mega projects. An sexample O'f this in the slectronics T
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O o . industry may be the role which the Canadish governmsnt has assuped

0

OO U

| . . in the development of Telidon.
. . Another factor commonly investigated as a dcl:n‘r-iwt of Mative
‘ , / activity is ownership. It is widely held that, in the process oé global
rat:lon‘nliution, multinationals centralisze R&D functions in the ‘laborntot:luc

o of the parent f irm. Accordingy, one might expect foreign-ownership to :

hive a negative influence on the level-of a .&E’-idmy's RED expenditure.

This hypothesis has been widely confirmed in a number of regression tests

vhich measure the impact of foreign ownership on RSD expenditures with all
other relevant. variables held com-tant. '
There sre two implicit behavioural assumptions which undcx}/ie empirical
investigations into the influence of foreign ownership on R&DQjexpehditures.
_ The; first assumption is that a foreign-owned subsidiary's R&D effort
(»-} can be meagured by the amount that it itself spends on R&D. This effréct ely
precludes the possibility that a subsidiary might have its parent firm conduct

R&D work om its behalf. If this were the case the subsididry's own level

”
P

of RSD spending would not accurately reflect the full extent of its
Yo

R&D involvement and the regression coefficient would be negatively biased.

A second and perhaps more serious assumption concefqu the causal link

between a subsidiary's R&D effort and 1ts technelogical performance.

It is normally assumed that the fruits of 1nnovatfv6 activity are reaped

by those who perform this activity. Thus there is concern that if foreign- -

owned subsidi aries do not engage in R&D they are umlikely to gain the

opportunity to pr?duce innovative products and thus contribute to the economic
- growth of the host country. However, the presumption that the manufacturing
_h\ activities of a foreign-owned subsidiary are related to its R&D effort is .

( ) subject to an increasing amount of controversy. For example, Cordell

argues that many multinationals ofganize RiD on the basis of an interdependent
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network of internaciousl laboratorss which are linked togethar by

functional task,:. The nn work leading to a new product mey typically

be spread across a number of internstional laboratories, each working on
a specific section of the pro,’oct. Moreover, the type of RiD projects
undertaken by a subsidiary may pot be at all related to the type of
products which it manufactures. This will often be the cage when the
R4D department is administratively autonomous from the lodal managenent
of the subsidiary and reports directly to the paremt firm.

An outs:anding example of this type of organizational behaviour
with:m a multinational is cited by Cordell with respect to IIM'
development of its 7722 audio response unit in the early 1970's.

"To illustrate, let me cite the history of the

IBM 7722 audio response unit which is used in voice

answver back applications. The original idea came from

our Zurich Research Laboratory, feasibility wae proven

in our Gesrman Developwent Laboratory. The actual product
was developed in our French Laboratory and the end

product is now manufsctured in our Kingston, New York plant.
The progrsmsiing support for this machine had to be included
in an overall programming package developed in our British
laboratory",

(Mr. ,Papo, Director of Standard, 1IEM World Trade 10
Corporation, Research Managewent, Jan., 1971, pp. 19).

The relative ease by shich tect!nology can be transferred within
a multinational firm, and the integrated nature of its R&D establishments,
casta doubt on the traditional linkage between a sub;idiary‘-o R&D
effort and its. technological performance. The fact that some or all of
the R&D work for an innovative good is conducted in one location does not
necessarily imply that once developled. the product will be manufactured
in the same location. Conversely, efforts to secure a greater R&D presence
by foreign-owned subsidiaries in‘Cs;nadl does not guarantse that resulting
innovations will be menufactured here. In viev of these considerations it

say be provisiomally suggested that government comcerns over the

technological performance of foreign-owned subsidiaries might be best

T
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addressed through negotistions with multinationals over product mandates
+ ,‘ !
for Canadian plants as opposed to policies which focus on increasing

RAD expenditure per se.

Evidence on the Effectiveness of Government Support of R end D in
Canadian Industry ‘

Econometric studies on the effect of government support on R and D
expenditures in Canadian industry have been undertaken by Howe and McPetridge
(1976), Porter (1980), and Hevitt (1980). A coumon finding is that the
sensitivity of private R and D expenditures to public gtant: varies |
significantly across different industries.

Howe and McFetridge, examining the electrical goods, chemical and

machinery sectors, find that with the other relevant determinants of

R and D held constant,- the value of government grants received by firms

had a significantly positive influence on the smount of self-financed R and
D undertaken. This result was obtained from a regression analysis which
calculated the elasticity of firms' R and D expenditures (net of
subsidies)‘ with respect to government grants. An élaaticity greater tt/mln one
implies that the receipi-:lt of a grant increased its ulf-fimncod R and '
D expenditure by an amount greater than the subsidy. If this elasticity is
grester than zero, but less than one the subsidy will have it_xc ef fect of
increasing privately financed R and D outlays by an amount less than the
subsidy. The -ul;sidy will hgve no effect on-the level of privately
financed R and D expenditures if the nlf:ticity is zero while s negative
elasticity indicates that public gﬁntl dilpl;ce private funding. However,
as long 2s the value of tiu elasticity of firms' R and D expenditures with
respect to -ub-idie-'in greater than -1 the subsidy will increase the
total value of resources allocated ¥ R and D

Since the value of the subsidy coefficient was never found to be

t
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li;nifictntly less thln zerd, l‘lowa and Hcl'cttidge conclude that:

"the incentive grants are net tinply d:llpllcing

private funds. Our results imply that, at the

vary least, ths subsidies have the effect of

_increasing by the amount of the subsidy the 11

value of resources allocated by society to R and D".
The estimated elasticities varied significsntly ncron sectors
and in one case between dometically owmed and foreign-owned firmé. For
example, the elasticity was found to be greater than one among domestically
owned firms in the electrical goods sector. The elasticity wes less than
one but greater than zero for foreign-owned firmg¢ in this sector. The
coefficient of R and D incentives in the chemical and machinery sectors

could not be shown to be significantly different than zero. Thus the

results indicaté that the stimulative effects of subsidies on R and D

expenditures varies sigrificantly between different industries.
Porter's study is of particular inte_re;t becaubc, unlike other studies

reported here, some of his regressions embody an attempt to control for

© wariations in technological opportunitv across industries. This is done by

examinine for each of 84 three dieit Canadian industries the differemce
between R and D intensiéy (R and D/ulet) in the Canadian industiy and that
in its matched American coum:erptri: M::tq. In those regressions which
do control for technological opportunity, he finds that the :Qtinble capturing
the percentage of R an.d D outlays financed by govermncn}: is a tixnificmgly
negative influence on the R and D in‘tenuity of the industry. Porter
conclude; that either the Canadian subsidy actually discourages R and D
in industries where it is high relative to U.S. industries, or in' these
circumstances it is acting as a proxy for a poor domestic industrisl emvironment
that is not completely captured in the model.

Hewitt links the effectiveness of government subsidy programs to the

behavioural responses of individual firms. He postulates two polar type

o
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of responses to government grants. On ous extreue aéc firms which are
either generally m“, of mihfll programs or are 0 confused about
eligibility requirements that they completely.ignore the possibility

of receiving a grant. These firms, when given grants, treat them as
windfall gains ct;d are referred to a\a“ 'radical windfallers'. Since

these firms draw'up their R and D budgets on the assumption tha't they will
receive no government support there should be no signif:lcu;t relationship
between the percentage of their R,md D outlays financed by govermment and
the level of R and D undertaken. A’t the other extreme are firms which are
so intimately acquainted with government grant programs that they .
consciously adjust their R and D activities to take maximum advantage
of these grants. In the case of 'perfect responders' there is likely
_to bﬁ A very strong positive relationship between government support and
the firm's own R and D expenditure,

Hewitt's analysis suggests that there is a market failur; which arises
from in'perf:ct information ¢oncerning gr’ant programs. Firms which have
greater access to information on grants are better able to make use of them
than less informed firms. There may also \;e learning economies in the
procesa of applying for grants which would reinforce Hewitt's contention
that there are differences ih responder behaviour. If these economies
are present, firms with the most cumulative experience in dealing with
gov‘e,ment' R and D subsidy programs are likely to be the most successful
grant applications, notwithstanding objective considerations of worthiness.

Learning economies in grant epplications may also be industry specific,

in which case those fndustries which have the greatest experiencein soliciting

R and D grants will command an advantage in obtaining subsidies. In fact,
Hewitt's empiricfl results are consistent with this interpretation.

Hewitt's empirical work investigates the determinants of R and D in

.
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the same three 2 digit sectors covered in the Bowe and McFetridge study
as well as one three digit industry,comsunication equipment (SIC 335). It

should be noted that SIC 335 encompasses the telecommunication and

components :ub-uctoru of the electronics induﬂ:ty. This SIC is included

in the eloctr:lul goods sector in ‘both the: BM:: and Howe and McFetridge
ltugy but is also examined separately by Hewitt. Hewitt finds that the level
of government support was a lignific'lntly' positive ‘1.nf1uence on Rand D

in the electricsl goods sector and in SIC 338 (responder behaviour), although 1
the rate of increase in R and D diminished as the level of support incrfued.

Subsidies were ineffective in stimulating R and D in the chemical and r

machinery sectors.

Hewitt s\xaguts that in order to mininize future radical windfall
behaviour and thus improve the effectiveneen of government subsidies,
granting agencies should attempt to keep eligibility requirements straightforward
and to change those requirements as infrequently as possible. It is tentatively
suggested that unconditional tax relief (tax credits) may be g more effective £
ingtrument for stimulating R and D than grant programs. This follows

from the perception that the potential stimulative effects of such programs

S o i

are dmpenedlby the fact that all firms de not possess adequate :Lnfomtqu
about them, However, it should be noted that tax cred are not readily

applicable to a-case by case approach. It has been earlier demonstrated j

‘that the size of the appropriate gubsidy and/or loan or equity investment

\d.ll depend om the expected costs, benefits, mnpproprhbility and risks

of uch prospective project. It ik difficult to see how thue criteria
{

can be maintained if support is based on a standard tax credit which is

spplied universally to all privately financed R and D expenditures,

™
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-~ Using data compiled by an Economic Council of Canada survey of
innovative behaviour among firms classified in SIC 335, a regression
analysis vas undertaken of the determinants of the level of firms'

RED outlays'?. The data, consisting of s sample of 57 firms, permitted

\

LY o . ”
testing for the following explanatory variables; total sales of the
firms in 1978 (SALET78), the square of total sales (SAIESQ), a dummy
variable equalling one for foreign-owned firms and zero otherwise (FORCNOWN),

the percentage of funds spent on R&D (for the innovations reported by

» @

the firm in the ECC survey) which were financed internally or by a
parent firm _(INPARFND), the percentage of funds spént on R&D financed by
government (GOVFUND), and the square of the latter (GOVSQ).

The model was tested for heteroscadisticity of the form:
v

E(u,?) = o® (saLET78))" o
where u 1 is the disturbance term and the subscript 1 denotes the
observation corresponding to the lth firm. A Goldfeld-Quandt test
indicated the presence of heteroscadisticity in the untransformed model
and its sbsence when all variables were divided by the square root of
SALET78, u‘rhis implies that the variance of the error terms in the weighted
model are constant (a =1). Hence the transformed model yields the unbi:sed
and efficient estimates of the coefficients of the original model.

The results of thé ordinary least squares regression are susmarized

<

in Table 15. Among*those results we found that the size of a firm's R&D
spending is significmt}y and positively related to sales. However, the
coeff;.cient of SALESQ is ci.gni?i:\:ntly negative, ind;lcating that RAD

expenditures increase with firm size but.at & decreasing xistc. The estimated

function reaches § maximm at a sales level of 93.4 million, Neither of the

-
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( ) * coefficients for foreign-ownership or percentage of RAD financed internally

\__'/__,_// proved to be significant. GOVFUND obtains a poﬁtivu and significant .
| ' .

coefficient but GOVSQ obtains a significantly nnsnt\ive coefficient. Thus “

ez -

s
- —

incrassed governmment aid positively influences the lm{ of a firm"s R&D
spending but at a‘docrulging rate. The results indicate that the positive

effect of government subsidies persists up to a maxismm support level

s

I

|

:
J# \ equal to 46,17 of the firm's total R&D expenditure. Of the 57 firms
observed in the sample, 8 had received public funding in excess of q;u
level.

The results pertainingoto the 'effectiveneu of government support
for privately financed R&q‘concur with those fro:\ past studies. Our
findings conceming’ the sign and significance of the GOVFUND and

GOVSQ coefficients are consistent with Hewitt's findigsl for SIC 335 and
O with those of Howe and McFetridge for the electrica_l goods sector as @ 1

whole. The results for foreign owmership are also consistent with Bc;jyitt'-

study but at variance with the results obtained by Porter for 84 industries and

by Howe and McFetridge for SIC 335.

On the basis.of the findings we may conclude that public subsidies
result in a net increase in the social allocation of resources to R&D
in the electronics industry. However, the results form thiz and other
studies indicate that a fimm's R&D expenditure becomes increasingly inelastic
with respect to subsidies as thehlcvell of support :l';zcrene- relative to the
tc:tal R&D ou;:lay. Similarly, the positive relationship found between the :
level of RAD expenditure and sales diminishes as sales increase. Since the
vast majority of electronic firms in Canades have ;nnual sales.far below t:lle

level (93.4 million) at which R&D oo longer increases, the results lend

ety e R s g

y 3
C . some credence to the view that firm size may impede R&D spending in the '

industry.
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Rigression Results: The Devermihents of Firms'

. RED Expenditires . .
Dapendent Variable : RDT78 .

Explanatory Variadle Co!fﬂéiunt L:. t Statistic
4 "_J o
SALEST78 . 06,0395 6. 654%
SALESQ . -2.1151 x 10720 <4 5708

\  rorcnown v\ -3.5557 x 10 -0.68
INPARFND 9.3237 x 10° 0.19
covFUND . 42541 10° 1.89%
GovsQ : 46485 x 10° -1.37%
R? = (R5659 )

Joint F test on coefficients of SALET78 and SALESQ (null hypothesis:
both coefficients equal zero): F(2,50) = 24.9%* ¢

Joint F test om coefficient‘ of GOVFUND and GOVSQ ¥(2,50) = 2.69%
S~

.,* Sign'if'iccnt' at the .90 per cent level

** gignificant at the 99 per cent level (two-tailed test)
. .
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The objectiwve of this -tud-y is to provide an analysis of tgt
recent growth, structere and performsnce of the Canadiamm slectronics sector,
amd to mn;lt. where appropriate, guidelines for R&D and commarcial policy
for the industry. | .

! Chapter 1 provides a statistical delinoestion of ‘tho industry which
facilitates the gathering of data on shipments, inter-industry trade,’
domestic market size, cmcmtra;:iou, productivity, and other
structure and performance *relgtcd variables. Chapter 2 investigates the nature

N of structural change in the industry, its underlying causes and its impact
on performance, The discussion of trade policy in Chapter 3 1s principally
concerned with wvhether considerations for scale efficiency indicate a need

{ ) for sectoral trade liberalization. Lastly, Chapter 4 addresses the issue

Y

of market future in the private allocation of resources to R and D

and the appropriate response by the state.

SUMMARY OF FINDINGS

L 3

Structure and Performance

A\

The electronics industry can be classified as\ loosely oligopolistic

in structure: Although Northern Telecom accounts for 30 per cent ot

¢ industrysales,the balance of sales is dict;ibdtcd among 711 other firms.
_Moreover the market power of the industry's largest firms, the majority
of whom are foreign—owned, is held in check by the industry's wide -

exposure to international trade. .

T o i A
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\
\ Both -cntie\nd dynamic production economies are present :Lu‘ the
manufacture of eisctronic goods. Ec;:moniu of plant size are found in
- the production of gutufe products such ss telsvisions and radios. Learning
economies, on the .other hand, pc.rvndc among the mors technologically
advanced sectors of the industry (components, systems, microprocessor
based equipment etc.). Most estimates of lsarning in the industry suggest
that these economies are substantial with unit costs t\:’ypicnlly falling
20-30 per cent witt; ‘mﬁubung in cumulative output. There are also
ancillery economies of scale in marketing and product developmant. These -
fi‘.m size economies are emphasized in the more innovative sector of the
industry wher: R&D and marketing expenses can account for as much as
50 per cent of the unit cost of new products.
In most areas éf the industry MES is very large relative to the size
the domestic market. This implies that scale efficiency would dictate a
ry concentrated market structure. The extent to which the nc.t\ul level
of industry concent on differs from that necessitated by scale
efficiency can be attributed to the level of domestic protection, Canadian
tariffs on electronic goods range from 5-20 per cent slthough the ;ljctity
‘ of imports are J[;.xed in the neighbourhood of 15 per cent. In the past,
tariffsprovided a aufficunt‘{level of effective protectiom to pq;nit
suboptimal size plants to compete in the ,do-:;t:%c market. However,
u‘cent dramatic increases in the level of import penetration in the
domestic market suggesat that this masy no longer be the case.
With the exception of the United States, Canadian protection is

. -
modest in comparison to the trading practices of other produe;r nations.

Although foreign tariffs are roughly comparable to Canadian ones, Japanese

and Europesn manufacturers are afforded extensive non-tariff protection.
tos -
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A variety of non-tariff barriers, notably domestic content regulations
in public procursment, have _efteetivnly closed Japaness and most
European electronic markets to Cansdian exports. ‘
Turning to performance, there are several encoursging indications
that many induury sub-sectors have bocon mcr-a:ingly competitive both
at home and abroad. Ome indicator of improved performance is the
exceptional grovt\h in labour productivity which has takem place in
several sectors of the industry over the last decade. Yor example, Real
Domestic Prociuct per man~-hour grew between 1971-1979 at an annual average
rate of 11.7 per cent in the comp;nter sub-sector and by'll.é per tent in
the consumer products sub-sector.
Another indicator of performance is trade. In this respect our data
indicates that the industry has become increasingly internationalized
with ireater specialization by domestic firma. This is msnifest in the
significant increase in bo;h the level of import penetration and the
ratio of expdrts to shipments. Although the growth :l.n mtri-induutry trade
has led to a substantial hin.crene in Cmada'; trade deficit in electromic
goods, exports have grown rapidly and account for over‘hnlf of ghj:pmgnt.
in a number of industry sub-sectors. If\emrtl are an indication of

international compefitiveness, the observed changes in the pattern of intra-

industry trade should be favourably considered from n’ performance standpoint.

-

Rationalization
The electronics industry has undergone a number .of structural adjustments

over the last decade. In response to increasing import competition, domestic
producers have become more efficient by concentrating production on a

narrower range of goods, thereby reaping economies of specialization. The
. ‘.

-
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tationalizing effects of intrm-industry trads underiia the impressive
grovth in industry productivity and exports during the 1970's.

Trade induced specialization cum rationalization h:n besen noted -
in at least two industry sub-sectors (consumer products and computers)
and a wider incidence of restructuring may be inferred from the fssults
of a rcg';-cnion analysis of intra-industry trade data. Case & s of
rn:iouliugiou in the consumer product and computer sub-gectors reveal that
major structural changes in the industry have involved foreign-owned multi-
nationals. The rationalitation of foreign-owned subsidiaries has chiefly
entailed the replacement of branch plants by more specialized and scale
efficient plants which produce specific product models for the international

markets of parent firms.

i

It is noteworthy that in many instances rationalization among foreign-
8wned electronic firms has beeh encouraged by public intervention in the
industry . For example, federal procurement and moral suasion has been
used effectively td secure specialization agreements from multinationals

-

engaged in the manufacture of mainframe computers. ﬁnﬂarlﬁ?, a duty !

remission program, coupled witt{ pending tariff reductions has provoked a

major restructuring of the largely foreign-owned television manufacturing

industry.

~ v

Trade

The size of th; domestic eiqctrcnic: market is insufficient. to justify
either a terms or trade or infant industry argument for protection. The
terms of trade argument can be readily dismiesad as inapplicable to any
sub-gector in the electronic industry, since Cansda’ is in each sub-sector
too small a purchaser for tariff induced changes in its consumption to be
able to affect world price’. Similarly, sn infant industry iﬁmt is

suspect on the basls of our previously rsported finding that MES in .

L]
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chctroqiec is vary large nm;,v‘ to the size of the domestic market.
Since domestic producers would be for the most part vamable te achieve
scale cffici‘ucy in a protected market, thers iz ap reason to assume
that protection would significantly improve the industry's productivity.
There is also evidence that tariffs on electronic computers and
semiconductors adversely affect the internaticnal competitiveness of
electronic end-product menufacturers who rely on these products as inter-
mediate 1x{putl. The -tariff on computers raises the costs of data processing
firms by around 5 per cent while duties on integrated circuits and other
microelectronic componerits places non-~integrated manufacturers of final
products (telecommunication equipment, industrial control panels,

word processors etc.) at a competitive disadvantage in world mirkets.

R&D

A rationale for public support of industrial RiD emerges from the
problems of inapproprisbility and risk. The imperfect private appropriability
of the returns to R&D militates against the market sllocating t;re socially
optimal level of resources to innovative nctiv’fty. In a world of perfect
certainty, a subsidy induced increase in the private alloca}:lom of resources
to R&D will effect an improvement in social yclfare. The i;itroduction of
uncertainty may suggest that the state assume a further risk bnr‘ing

role by investing in risky projectt wvhose expected social rate of return is

Y positive. However, such intervention can only be justified if the stite

can absorb risk more efficiently than the market. It 1is tentatively suggested
that economiegs of scope should permit the state to achieve such an

sdvantage. This folla;u from a perception éhnt the state's existing
sctivities and institutional infrastructure should enable it to incur lower
sduinistrative costs in the wonitoring and evaluation of its portfolic

of R&D investments.
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The efficacy of -upwrt programs with raspect to incrassing the
social allocation of resources to RLD was tested in an mzﬂe
invastigation into the determinsnts of RED expenditures by firme in the
electronics industry. VWhile the results of this tu:t imdicate :m
subsidies do n;»: simply displace R&D expenditure, thsre 1is nevertheless
evidence that the rate of increase of a firm's total RiD expenditure ddcreases
as the percentage of its R&D outlays financed by government incresses.
Thie relationship was found up to a support level of 46.1% of R&D cost
vhereupbn nd;itiml subsidies failed to elecit further private axpenditure,
These results, suggest that diminishing social returns may be associated
with increased subsidization. '

Among other results we found that the level of a firm's sales has a

significantly positive influence on RAD spending but that spending in-

creases with sales at a decreasing rate. Neither foreign-ownership
or the perceritage of RiD funds financed internally had any nign:lﬂ\cmtv

impact on the level of electronics firms' R&D outlays.

e

POLICY RECOMMENDATIONS

Trade Policy
1. The infant industry argument for protection appears to be imapplicable

to any industry sub-sector. Accordingly, there is scope for industrywide

trade liberalization., There is a rationale for unilateral action in reducing

t

tariffs on components and computer sub-ssctors vhereas conditions in other sud

sectors suggest maximum social benefits would be achieved through multi-
lateral liberalization. It is important that s curtailment of non-
tariff barriers, particularly protecticnist public procurement practices,

be included in any multilateral or bilateral agresments.

e




2.

R&D Poliey .
Consideration for both inappropriability and risk suggget a mix of

1.

firs rat
-
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Given the vary high desres of foreigm-ovaershiy in the induetry,

& m)ccuaful adjustmsnt to 1&:&13.4 trade would require intra-

ization by multinationals.curremtly operating in

Canada. 1In sub-sectors wiere domestic preductivity is lower than

in the U.S. (i.e. consumer products and computer uudiy). liberalization
could pose potentially sericus dislocation prgblm. Such effects

could be mitigated by specialization agreememts which compel
mltmntiop;h to rationalise their Casadisn opcratw as opposad

to simply terminating them. Thus, it is essential that a policy of

sectoral trade liberalization be accompanied by parallel agreements.

policy instruments. Direct subsidies are fitting to counter the private
inappropriability of the social returns to RéD. GCovernment loans and/or
equity participation is lpProprinte t: assist firms in undertaking ‘
risky but ‘spcially desirable projects. Both instruments are

discretionary in the sense that te amount of support givem to an

individual R&D preject can be determined on the basis of expected
social benefits. For this reason discretionary suppert programs are ’ .
preferable to tax incentives wich operate sutomatically, and in~
discriminstely through the fiscal system,

The endorsement of support méchanisms which facilitate a cape-by-case - -
approach may require some qualification in view of certain practical ' tos
considerations, One co;uMeration is the cost of assessing a

multitude of‘subsidy requests, many of which may pertain to relstively

ainotr K&D projects.
- .
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- evaluation of large projects.

swicvard from a practical standpoint given the nature cif. the
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The imputed. cost of public scrutiny of esach subsidy request :
may comstitute a non-trivial cost which sigaificantly lowers the
sxpectad social rate of return on a small projpct. A compromise
batween the benefits of discretiongry support pro;r-l and their
administrative cost could entail the employmant of fiscal
incentives for relatively minor R&D expenditures and a case-by-case
td .
Another difficulty arises from the budgetary implicationms of
discretionary programs. Since the aggregate level of support depends
on the costs and beanefits of each prospective project, the govermment

has no means of determining its ex-ante expenditure. This may be

budgetary process. Again, a compromise could be achieved by calculating

the amount of funds that would have been required to fumd all worthy projects

in the current year, and then to budget this asount plus an inflation

3
r

allowance for the following year.

The finding that government subsidies do not exert a significamtly

positive influence on private R&D expenditure beyond a support

ﬁa\nl of 46.1 per cént suggests a rationale for imposng a percentage .
ceiling on subsidy funding for any single RAD project. Curremt

cost sharing rules thch restrick federal subgidies to no more than

50 per cent of a project's cost are consistent with our results.

However, current regulaiionn apply to only foreign-owned firms whereas the
finding obtained in this study suggests that funding ceilings should be
applied to &1 subsidy req‘uutl regardless of ownership. It should of course
be noted that subsidy ceilings do not preclude the possibility that

additional support in the form of either equity or debt finsmcing c?uld be .

obtained from the governmemt, providing that such support is urmsd

by risk considerations.
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Policy Fresmework

A final concern is the aded to limk together RSD and trade policy-
wvithin a policy framewerk that p;mtu
further specialization. This may imply that it is not in Canada's long-
run interssts to compete in ‘u‘m of the electronics industry where there
are substantial economies of scale such as microslectronic components, but
. e‘i.tatud develop »Iic;.n which facilitate tha use of these cowpoments in
slectronic end-products. In this wey, Canada, as a coasumer ’of‘ intermediste
goods can reap the benefits of large subsidies in chip technology
made by foreign governments without having to bear any of the costs.
This illustrates that although policies followed by other countries will
affect optimun dowastic policy, it does not wesn that Canada must match
these policies in order to have a successful electronics mdultr}.
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