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EXECUTIVE SUMMARY

~ The objective of the study is to analyze the role of the RED
effort in the export performance of Canadian manufacturing industries.
The approach is comparative; observations for manufactoriné exports-. '
of eight other |ndustr|a]|zed countries are analyzed at the same time. (1)
Although it is. recognlzed that a break down of industries to a very’
low level of agregat|on would be very deSIrable for this type of
analyS|s, the scarce data for RED and’ |ndustr|al productlon dld not

allow the deflnltlon -of more than fourteen (14) two and three digit groups of

(2)

manufacturlng |ndustr|es.

The study is divided in two independent parts. In the first,

several indices of export.performance'are calculated for31969‘and

related through multlple regresston analysns to a set of. explanatory
kvarlab]es measured with a two-year lead (1967) The exports of.Canadlan ‘
”manufacturlng industries are positively correlated with'their RED effort
and ]abour_productivity.' An increase of the foreign (U;é,j control

not accompanied by an ‘increase of researoh lntensity and/or ‘increase

of labour product|V|ty worsens the export performance. Also, the hore

protected an |ndustry, the lower its. export performance.'

A comparison of Canadian exports to European_OECDicountries~

" with exports to the rest of the world outside the OECD indicates that
for a given share of RED, an TndUstry's share of exports to the'rest
“.of the world is higher than its share of exports to the European OECD

countrles

1ncluded.in the sample were: Canada, u,s., Japan, Belgium, Germany,
France, ltaly, Great Britain, Sweden. '

The industries are: food and beverage, textiles, clothing, wood
products, paper, petroleum products, chemicals, rubber, non-metallic
minerals, primary metals, metal products, machinery, electrical '
equipment, transport equipment except aircraft. :



SOMMAIRE ADMINISTRATIF

‘Cette &tude a pour but d'analyser le r6le de l'activitd R et D dans
les exportations des industries manufacturiéres canadiennes. Il s'agit d'u-
ne méthode comparative: on analyse en méme temps les exportations de produits

(1)

dans ce genre d'analyse,une ventilation plus détaill&e des industries aurait

fabriqués de huit autres pays industrialisés. Nous reconnaissons que

été souhaitable, mais la raretd des données R et D et de production indus-
trielle n'a pas permis de définir plus de quatowze (14) groupes d'industries
manufacturidres composés chacun de 10 ou de 100 entreprises.(z)

L'étude est divisée en deux parties distinctes. Dans la premiéré,
»lusieurs indices d'exportation sont calculés pour 1969 et reliés, au moyen
d'une analyse & régression multiple, @ une série de variables explicatives
mesurées avec une avance de deux ans (1967). Les exportations des industries
manufacturidres canadiennes sont mises en corrélatien positive avec leur
activité R et D et la productivité de leur main-d'oeuvre. Une augmentation
detla mainmise @&trangére (E.-U.) non accompagnée d'une intensification des
recherches et (ou) d'une hausse de la productivité de la main-d'oeuvre ré-
duit forcément les exportations. Par ailleurs, plus une industrie est proQ

tégée, moins ses exportations sont élevées.

Si 1'on compare les exportations canadiennes vers les pays européens
de 1'OCDE et ses exportations au reste du monde, on s'apercoit qu'en ce qui
concerne la R et D, la fraction des exportations au reste du monde est plus

€levée que celle vers. les pays européens de 1'OCDE.

L'échantillon comprenait: le Candda, les Etats-Unis, le Japon, la Belgique,

1'Allemagne, la France, 1'Italie, la Grande-Bretagne, la Suéde.

Les industries sont: aliments et boissons, textiles, v@&tements, produits
du bois, papier, produits pétroliers, produits chimiques, caoutchouc, mi-
néraux non métalliques, métaux primaires, produits métalliques, machines,

‘matériel &lectrique, matériel de transport sauf les avions.




An analysis of exports to the U.S. market indicated that the
share of the U;S; manufacturing imports is fot_most countries of the
sampie (eXcept Japan and France) positively related to the share a given.
national industry has in the total RED expenditures of‘the same industry

across the sample of nine countrieS The comparative advantage expressed

as the higher labour productnvnty and/or lower un|t wages of the exportlng

industry compared to the importing U,S, |ndustry contrlbuted to the
exp lanat ion together with the negat|ve |nf]uence of the tarlff protectlon
and d|stance The U,S, forelgn control had a negllglb]e |nf1uence on

Canadian exports to the U.S,

~1In the bllateral trade between Canada and the U, S., the higher -
the relative intensity of RED |n the Canadlan industry compared to the
Amerlcan one, the better'the Canadlan balance of commerce in the given - ;

industry.

Thus it is possible to conclude that the pattern of Canadian
manufacturing exports and imports is closely associated with the level
of ReD effort in each Tndustry The level of RED effort in an |ndustry
is better measured by the share of the total R&D effort |n the given
industry across the sample than by the various relatlve ‘measures such

as Re&D per sales or per employee; The wage rate and labour productivity

- in the Canadian compared to the U,S, industry, complement |n the expected

way the explanatlon of the trade in manufactured goods between Canada

and the United States.

In the second part of the stUdy the change in Canadian manu-

facturing exportsffrom 1963 to'1971 was found to be mainly a result of

- the increase in the world demand for'exports. A1l so-called 'high

technology' industries (except the special case, the transport equipment
|ndustry) experienced a decrease of their export's competltlveness

their exports increased less than the world demand for them



D'une analyse des exportations au marché américain, il a ressorti que
le pourcentage des importations américaines de produits fabriqués est, pour
la plupart des pays de 1'échantillon (sauf le Japon et la France), directe-
ment relige d la fraction que consacre au R & D une industrie nationale don- '
née et cela pour les meuf pays de 1'échantillon. L'avantage en termes de -
"plus forte productivité de la main-d'oeuvre' et (ou) de "plus faible uni-
té salariale' de 1'industrie exportatrice par rapport 4 celles de 1‘1ndus—/' -
trie 1mportatr1ce américaine contribue i expliquer ce fait ainsi que 1'in-

fluence négative de la protection douaniére et de la distance. Le contrd-

. 1. américain des entreprise a 1'étranger n'influe guére sur les exporta-

tions canadiennes vers les Etats-Unis.

Dans le commerce bilatéral entre le Canada et les Etats-Unis, plus
1'intensité relative de 1l'activité R et D dans 1'industrie canadienne est
élevée en. comparaison de 1'industrie américaine, plus la balance commercia-

le du Canada est favorable dans 1'industrie en question.

On peut donc conclure que le tableau des exportations et des impor-
tations manufacturiéres du Canada est &troitement relié 4 1'effort R et D
dans chaque industrie. Son niveau dans une industrie donnée est mesuré
plus exactement par le pourcentage de 1'effort R et D dans 1'industrie don-
née pour}tous les pays de 1'échantillon, que par les diverses mesures rela-
tives telles que 1'effort R et D par vente ou par émployé Le taux de sa-
laire et la productivité de la main-d'oeuvre de 1'1ndustr1e canadlenne au
regard de ceux de 1'industrie américaine complétent, comme on peut s'y at-
tendre, l'explication de la situation des &changes de prodults manufactu-

rés entre le Canada et les Etats-Unis.

Dans la deukiéme partie de 1'étude, on a constaté que 1'&volution . -
des exportations manufacturiéres du Canada de 1963 a 1971 résultait surtout
de 1'augmentation de la demande mondiale d'exportations. Toutes les in- | ‘
dustries dites de grande technicité (sauf un cas spécial: 1le secteur du
matériel de transport) ont vu fl&chir la compétitivité de leurs exporta-

tions, qui ont augmenté plus lentement que la demande mondiale.




The changes in R&ED expenditures were- also decomposed in order
to-isolate the effect of the competitive change The Canadian manufacturing
" sector exhibited a positive competitive increase of ReD expenditures in-
the order of nine percent, ReD expenditures of nine industries experienced -
a competitive increase The changes in the'price competitiveness of
manufacturing -exports were measured by an “index of unit labour costs,

which improved in most of the "Tow technology“ industries.

1
|

The- analysis of changes in exports, R&D and in pnice level of ‘
thirteen Canadian manufacturing industries identified the influence of
competitive changes in prices and R&D‘on~the competitive‘change of
exports, Predictably, the competitive change of exports hy_the "high
technology'' industries appeared to be influenced more by changes in R&D
than by changes in relative priCes, On the other hand,'the remaining:
"Tow technology" industries appeared to rely on price changes rather than
on technological competition. Although most Canadian industries recorded, -
an increase of their.R&D competitiveness, the increase was not sufficient
" to reverse the unfavourable effects of price increases and of other un=
determined factors and the Canadian manufacturing sector suffered an overall

loss in its export competitiveness

Analysis of the growth of total manufacturing eXports of nine-
countries again demonstrated that the competitive.changes:in.exports are
better explained by.changes in both R&D and prices than by price changes
only, The estimated coeffiCients;'however, appeared vervlsensitive.to

.changes in specification of the period of observation, '

'

~The results,of the analysis of export changes as fTunction of
price and R&D- changes support, on.the one hand; the importance of R&D
factor in trade but, on theiother‘hand, the unstable and not always
statistically significant results call for caution.in quantitative

interpretation of the estimated coefficients..



- L'&volution des dépenses consenties 4 1'activitd R et D a &té décom-
posée, elle aussi, pour isoler 1'effet de 1'évolution de la compétitivité.
Le secteur manufacturier canadien a affiché une hausse positive de la com-
pétitivité des dépenses R et D de 1'ordre de 9%. Les dépenses R et D de
neuf industries ont accusé une hausse compétitive. Les changements de com- .
pétitivité des exportations manufacturiéres sur le plan des prix ont été
mesurés par un indice des cofits unitaires de la main-d'oeuvre, qui se sont

améliorés dans la plupart des industries 3 basse technologie.

L'analyse de 1'évolution des exportations, de 1'effort R et D et

du niveau des prix chez 13 industries manufacturiéres canadiennes a expli-

qué 1'influence de 1'évolution de la compétitivité en fait de prix et de |
R et D sur la situation cdmpétitive des exportations. Comme on pouvait

s'y atténdre, 1'évoldtion de la compétitivité des exportations chez les
industries 4 haute technologie "semble subir davantage 1'influence de 1'ef-
fort R et D qde celle des changements de prix. Par contre, les autres in-

-~

dustries a "basse technologie' semblaient compter sur les changements de

- prix pluth que sur la compétitivité technologique. Bien que la plupart

des industries canadiennes aient noté une compétitivité accrue du cdté

R et D, elle ne suffisait pas a annuler les effets défavorables des haus- -
ses de prix et d'autfes facteurs non déterminés, et le secteur manufactu-

rier canadien a essuyé une perte générale de compétitivité& a 1'exportation.

L'analyse de la croissance des exportations manufacturiéres totales
de neuf pays a démontré une fois de plus que la situation compé&titive des
exportations s'explique mieux par les changements dans 1l'effort R et D
et dans les prix combinés que par les changements de prix considérés iso-
1ément. Cependant, les coefficients estimatifs semblaient tr&s sensibles

aux changements de spécifications durant la période d'observation. -

Les résultats de i'analyse de 1'évolutiom des exportations en fonc- ‘
tion de 1'évolution des prix et de 1l'activité R et D &tayent d'une part
'l'importance du facteur R et D- dans le commerce mais, d'autre part, les
résultats instables et pas toujours significatifs au point de vue statis-
tique exhortent a la prudence dans 1'interprétation quantitative des coef-

ficients estimatifs.



PART ONE



I  INTRODUCTION

The first part of the study analyzes the determ1nants of the

'export performance of a selected group of manufactur1ng 1ndustr1es

:from Canada and from the e1ght other most 1ndustr1al1zed countr1es of the

world Its obJect is to define which economlc character15t1cs best exp1a1n
trade pattern at one part1cu1ar p01nt 1n tyme, the year 1969 After a

brief d1scusslon on the concept of export performance, the study spec1f1es

several simple relat1onsh1ps which exlst between the latter concept and

the explanatory varigbles. By us1ng the multiple regress1on techn1que to
estimate these relatlonshlps, it is possible to establish how the different
var1ab1es, 1nclud1ng the R & D effort are related to the export performance
of a given 1ndustryr Due to the comparat1ve aspect of the study, the anal—

ysis is not limited to Canadian manufacturing industries: . ‘the total sample

- of manufacturing industries of all nine countries will be analyzed first,

followed by a more detailed analysis of the subsamples'of‘the manufacturing

industries of each countiy.

To allow for the poss1b111ty that the export performance determ1—
nants may be related to a certain degree, to the economic character of the
export markets, several broad market areas of spec1a1 interest to canad1an
exports_are,examlned. The' total exports.of.one industry towards the world
market are analyzed first. Next, the study looks at these'exports towards
the subset of less developed countries .excluded from the OECD‘group-and'
then towards the‘marketYOf European member'countries~of OECD. 'Due to the
overwhe Iming lnport‘ance of the-US market for both canadianf'andﬁ”foreign""

exports,the analysis of the export flow ‘towards the US market is complemented



"by an attempt to analyse the bilateral trade between the US and Canada.

_ The comparison of regressions estimated for individual countries
wiil permit the identification of those economic characteristics which
are related to the export performance and to the comparative advantage
- of the manufacturing 1ndustr1es of each country. At the same tlme, it
will be p0551b1e to assess the validity of the hypothe51s clalming that
one of thevmost important, if not the most important factor in determining
the export perforimance is the technological effort of manafacturihg in-

dustries.

The second part of the study concentrates on changes in the trade
structure of the nine couhtries over a period of time. ‘It is an attempt
to idehtify the various causes uﬁderlyihg'the observed changes in the
. codpetitiveness, as well as in theé commodity and market structures of
g exports of each of the nine countries. The technique used . for th1s pur-
pose, the constant market share analysis, makes.it possible to identify
:which part of the change is related to the change ih the demand conditions
.f'acing' each country's exports. The remainder of the changes in exports is

then attributed to the improvement or deterioration of the exporting coun-
try's capacity to compete and must thereforelbe alfunction of the supply

characteristics of the exporting country.

This analytical framework was used in sereral'studies and lead to
an’ attempt to'correlate the residual-changevof the market share tthe.change
intthe competitiveness),With changes_in the exporting.couhtry‘s priceVlevei
relative to its competitors on the given market. The theoretically'expect—

ed, and to a certain extent empirically confirmed, relationship is that a




decreaée in prices will improve the market share of a country!'s exports.
Howeuer in the world of differentiated, technologically progressive prod-
ucts, low price is only one, and not necessarily the most important ele-

ment of competitive strength.

Many commodities exported by manufacturlng 1ndustr1es are character—"

.1sed by a high level of product, dlfferentlatlon and a hlgh.content of R § D
effort it is therefore 1og1ca1 to expect that a measure of the change in
the R&D 1nput together with the relative price changes, will. provide

a better explanatlon of the change in market shares than the prlce change

} only‘ Furthermore, those two explanatory variables w1llyhelp us to 1dent1fy
~which of the manufacturing lndustries seem to be more-price’competitiuenand

which depend>on technological advance for their‘competitiveneSs.

This analytical framework will again be used for Canada and its’
compe titors for a period of eight years,1963-1971. As exports respond to
changes in econohic’yariables, speciallyiih R>& D effort, with a certain

lag, the study will specify an appropriate lag structure.

'
i

Export. performance

The concept ot erport performance is a rather elusive one and lends
itself to several interpretatione ILf we are 1nterested in the export per—
formance of an 1ndustry we may relate the value of its exports either to
the total sales or employment of the 1ndustry or alternatively, to the
value of all uanufactured exports of the country. Obviously, the two meas-
ures may be highly correlated but they are not ideuticaliand both may pro-

vide different insights. From the point of view of the balance of payments,



a measure relating the exports of an industry's products to its imports

may be usefui. Allvthese "country specific'" measures of export pérfornk

ance can be expected to be a function of the economic characteristics of

the industries that generéte the exports, '"a", of trade barriers, 'b",

and in the case of bilateral trade also a fﬁnction of the economic charac- ' -

teristics of the industries of the importing country, 'c'.

export performance:

Symbolically written:

EX = f£(a,b,c)

Where EX is one of the following "country specific'" measures of

(EXy, / SAD > (BX. / EMJ . (BX / EXT,) L and
(EXpp / EXgp)y

EXAB,I: ... Value of exports from country MA" to area (country), .
"B" in products of industry '"I";
EXT - Vaiue'of total exports of country '"A" to area 'B";
A ".' Country of origin: (A = CAnada, US, JApan, BELgiuﬁ;
GErmany, FRance, ITaly, UK, SWeden); 1
B ... Area (country) of -destination: (B =W, World;W~- OECD,
. World éxcept OECD; OECD-EU; EEC; .EFTA; US; JApan;

CAnada) ;

To. facilitate the notation, the first two letters indicating the area
of origin or the destination are printed with capital letters for
countries and as follows for European Economic Community, EEC, Euro-
pean Free Trade Area, EFTA, countries of Organization for Economic
Cooperation and Development, OECD and all countries of the world, W.




5
I ... Manufacturing industry: (I =1, ..., 14) (Given the _
internationally comparable data on industrial produc- |
tion and R § D, the break-down to 14 industries repre- ‘

sents the lowest possible level of aggregatlon° See _ ' \
Appendix A for definitions and details); . ‘

SAA RLE Value of sales of the industry ny in country "A"; ]
3 . . : . . . :
EMA I L Totai:empioyment of the industxy "I' in country "AN, ‘

i

For an international comparison it ié possible to develop several
revealing measures of export performance based on models of international
trade flows. 2 One of them is the degree of specialization in exports,

SAI’ of a country "A" in products of induetry B RV

_ SW
«  _ (BX,.  / BEXT, )I Coen L
SA,I = AW A, where: EXT,Iu— by EXA,W,I and
N N
EXpp = 2 BXp g
i I=1
N = (1...14)

For example, if S > 1, then 1t 31mp1y me ans that

CAnada, paper
Canada exports the products of 1ts paper industry more intensively than
the rest of the world. In other_words, the\share~of paper exports as ‘a
percentage of total Canadian erports‘is higher than the share of paper
exports in the world exports. However, it can be also interpreted as a
eituation where the share of the Canadian paper industry's exports in the

world's paper exports exoeedS'the share that Canada's  combined manufac-

turing exports have in the combined manufacturing exports of the world.

2. See Nappi (1974) and Leamer and Stern (1970) for detailed discussion.



‘The set of indices SAI for all'industriés'may be considered as a proxy for

the cdmparative advantage of country A. 3

It is possible to construct an analogical index of specialization

in imports.

“Finally, 'the intensity of exports between two countries with res-
pect to their commodity structure is quantified by calculating an export

' X 5
performancevlndex, EAB,I

EX

| . E
E = AB,I XT I
A’B’I — —_—

The values of the indices of export performance introduced above
are calculated for all industries of the countries of our sample in Ap-

pendix B, and are briefly discussed in the next chapter.

What determines the value of SAI for an industry of a particular

country? Again it will be a set of economic characteristics of the in-
dustry and country of origin and of trade barriers but, in contrast with
. 'the explanatory wvariables influencing the "country specific' measures of

exportxperformance, the explanatory variables of SAI must be related to a

world étandard, whenever possible. Thus SAI is éxpected to be, in genéral,

a function:

3. This was the interpretation used by Balassa (1965), and Yamazawa (1970).
4. Instead of relating the exports, we relate the import structure of
country A to that of the sample of industrialized countries.

A 1= [IMWA / IMT ) / IMT I / IMT I)’ where IMBA I is the value

‘: of A's imports of products of I's industry from area B
5. Balassa, op, cit.




<«

.as closely as possible the logic of the constructionjof the index S

-
o

Spp T g( a, b), where a, b stand respectively for the economic

‘characteristics and trade barriers expressed in an index form following

AT

in order.to relate the variable concerning an- 1ndustry of country A relative

“to its compet1tors (the standard of reference "the world” being either the

'rest of the industrialized countrles of the sample or actually the "world"

itself).

Explanetory variables -

Before starting the deseriptioh of the explanatory‘uariables, one
distinctive aspect of the study must be stressed. In eohtrast'to works
of similar nature,'the-values of all industry characteristics used

throughout th1s study are actual values of the characteristics of respec—

“tive national industries; they are not 1mputed from us 1ndustry data.'

.This‘frees,the study of a very restrictive andAunacceptablejassumption

underlying the above mentionned studies. All assume that the relative
factor 1ntens1ty and factor utlllzation are the same in d1fferent countries.7

‘The selectlon of industry character1st1cs, whlch are supposed to be asso-

ciated with the measure of export performance, was based on theoretical
considerations as well as on the results of some recent studies of a sim-
ilar nature. - The following paragraphs concentrate on the variables ex-

pléining the "country specific" export performance measures.

7. Those familiar with the Heckscher-Ohlin (H-0) theory of trade will re-
cognize it as one of the key assumptions of the H-O model. We shall

. return to the unsuitability of the H-O framework for our study later

6. C.f. Vernon (1970), Wilkinson (1968), Keesing (1967) and others



From the theoretical point of view, without going intounnecessary
details, the following points are worth mentioning. A cross-section
analysis of‘trade flows represents a general equilibrium approach and
leads to an explanation of trade by factorsvaffecting the demand for and
the supﬁly of a particular traded product. Thus, although demand and
supply are both functions of price (among other variables), the market
clearing qdantity, which in this context is'the observed value of exports,
is then not a function of the price. 8 Therefore, in a general equilibrium
situation, the explanatory variables should not include a price variable.
llowever, to the extent that the observed variables do not reflect an
equilibrium'situation, it is possible that,for instance,high prices offer
a proper explanation for low exports. Temporary disequilibria are likely
tovexists on the labour market,vespecially in the group of several mangfac—
turing industries_that are analyzed. A wage cost variable, the total wage
bill of the exporting industry as per its total employment was tried but
duevto-its overall poor statistical perfofmange, it was eventually excluded

from some regressions.

‘The textbooks on foreign trade offer two general models as an

explanation of the commodity composition of trade, our main concern. In

8. This point is well explained by Leamer and Stern, OE cit., p. 146.
Consider the demand function for exports q = f(p, 1,...Dn) and the

supply function for exports qs = g(p, 1,...8). The first indicates
. that quantity demanded depends on price and demand factors and the
second, that quantity supplied depends on price and supply factors.
The market clearing quantity, which is the observed quantity, is then
S D , _
solved as q = q =q = (Dl...Dn, Sl...Sn).

9. In fact, it was not excluded completely. Wages per unit of output
(value added), the efficiency wage, WA/VA, is one of the explanatory
variables in the function for EX/EXT. Wage cost variable was also
used -in the analysis of bilateral commerce with the U.S.




the R1card1an world the differences -in technology, and resultlng differences
in relatlve labour product1v1ty, de termine - whlch products are exported. In
the more soph1st1cated, but;not.necessarlly more realistic,_model of Hecksher
and Ohlin (H-0), technology is the same everywhere and the trade structure

is a- result of the relative abundance and shortage of the factors of product—
. ion. In sp1te of sonie 1ngen1ous attempts to 1ntegrate the -R G D effort.

and technology in: general as a speclal form of 1nvestment and accumulation -
of human cap1tal, 1nto the H 0 model }0 its basic assumption of a universal'
access - to the same technology by each trad1ng partner makes it 1nappropr1ate
for an analy51s of the effects of R &D effort on the trade pattern. Besldes A
th1s theoretlcal argument the emplrlcal tests of the H 0 theory gave negatlve
.or 1nconclu51ve resu],ts.~11 The more specific theoretlcal framework based

on the product life cycle (Vernon 1966) cannot .be applied because each 1n—

dustry in the sample’ is composed of .many products of different maturity.

Considering.these difficulties,'it is felt.that the:Ricardian frame-
work,is more’appropriate. A labour productivity variable shall therefore be

used and defined as_value'added per employee, VA/EM.

Recent studies of the trade in manufacturlng indicated that among
the most reliable explanatory varlables were various prox1es for what was
called the technology factor In most of the empirical studles, the proxy

: T _ oo

S : S120
was'the‘percentage of professional personnel in the labour force. In

the Gruber and Vernon study,'the'US R & D effort and other induStrial_

10. Discussed by'Johnson (1968)

11. There is an abundant literature of empirical tests of the H-O model,
For the test of Canadian trade structure, which also failed to support
the H-O theory,see: Wahl (1961) and'Matuszewski, Pitts and Sawyer (1965).

12. The more important contributions in chronological order: Kravis (1956),
Posner (1961), Vernon (1966), Keesing’ (1967), Wllklnson (1968) , Hufbauer °
(1970), Gruber § Vernon (1970).
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characteristics were imputed to other countries and the trade flows were
analyzed under assumption of a uniform intensity of these characteristics
from country to coyntry.Thé,present.study is,as far as it can be determined,
the first attempt to analyze trade flows in manufacturing between several
countries using the measures of R & D' effort expressed in terms of the
actual R and D expenses or actual R & D employment in each of the manu-

facturing industries of the nine countries constituting our sample.

The technology intensity measures are defined,in this study, 1

as the ratio of the number of qualified engineers and scienfists engaged in
R & D activity to the total employment of an industry: RD/EM, or as the
ratio of total intramural _R & D expenditures to total sales of an industry:
RD/SALE. Alternatively, the R & D intramural expenditure in tﬂe given in&uSn
try is expressed as the percentage of the total intramural R § D expenditures

of the whbleABusiness sector,14 RA.,15

" With the growing importance of multinational firms, especially in
the technologically progressive manufacturing industries, there is a growing
possibility that the international division of labour resulting in the in-
ternational speciali zation in exports ahd imports, under assumption df immo-
bile factors of pfoduction, is gradually being replaced by a division of

labour within a limited number of multinational firms. It is so far neither

13, In the results are also included estimates for equations with a dummy
variable DUMMY = 1 for industries supposingly R & D intensive i.e,
I =6,7, 12, 13, 14; for Canada. See next chapter for discussion,

14. The business sector contains all industries of the primary, secondary
and tertiary sectors - for details see Appendix A.

15. Obviously, the three variables are intercorrelated; we will not use them
in the same regression but they will be chosen according to the logical
consistency with the dependent variable to explained.
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- theoretically nor empirically clear which'are the net effects of this

phenomenon on trade flows. It is likely that'they vary during the life :
cycle of a product 16 bnt aléo from industry to industry and‘from-countrf
to country. The static framemork of a cross—Sectionfanalysisfof highly
aggregated 1ndustr1es is not su1table for an analy51s of these p0551b111—
ties because the problem is dynamlc and microeconomic in nature. However,
w1thout hoplng to uncover all the underly1ng general ties between R & D
export performance and ‘control of manufactur1ng 1ndustr1es, the model

spec1f1es a varlable expre551nggthe extent of‘forelgn control of each in-

- dustry., The foreign control variable is thehratio of sales of US affiliates

(local plus.exports)_to total sales of the given indnstry..CONTROL.

The use of data covering sales of US'affiliates only instead.

of unavailable data coverlng all foreign controled flrms represents probably

only a minor problem due to the preponderant 1mportance of the US controlled

mult1nat10na1<f1rms.

The last group of factors 1nfluenc1ng trade performance is composed
of two quant1f1able barrlers to trade. The first is a tarlff varlable, i.e.
the ratio of the nominal tariff 17 protectlng the glven natlonal 1ndustry
to the average of nomlnal tarlffs protectlng that 1ndustry in all countr1es
in the sample, MTARIFF. A potentlally more suitable measure would be based

on -the effective rate of tariffs, however, it is impracticable to calculate

them., On the other hand, non-tariff barriersvmay actually prove to be more

16, Cf. Vernon,,(1966)
17. Cf. Appendix A for the discussion of averaging procedures used and
for the sources of data.
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effective trade obstacles than the tariffs - there is unfortunately no wéy

to include them in an analysis of this type.

The second variable is the distance between the exporting and im-
pofting areas. This variable serves as a proxy not only for transport costs
but also for communication costs and differences in taste and demand struc-
ture in general. 18 It is calculated as an estimate of the distance in. miles
between the mid points of the two areas, with the distances on the grouﬁd
multiplied by a factor of two. The distance variable, DAB’ is cf course used
only when a sample of industries belonging to several countries is analyzed.
The distance itself cannot explain the‘commodity structure of one particular
country, altﬁough if availaﬁle, the transport costs per product, would serve

this purpose.

The expiahatofy variables'for the indices of export performance are
constructed from the same theoretical premises as those explaining the coun-
tfy specific measures of export performahce. To make them similarly distri-
buted and logically consistent with the iﬁdex.form of the dependent vafiable,
they are simiiarly transformed into ratios by relating a national industry's
characteristic to the éverage of the corresponding characteristic for the
same‘industry ‘across all countries in the sample. This ratio is then deflated
by the proportion of the country's-bverall importance relative to the sum of
other countries of the sample. Thus the R § D intensity variabie in index

form, RARB, becomesﬁ

18. The distance variable has proven to be very important in the anélysis
. of trade flows. See Glejser (1968), or in a context closer to this
study Vernon (1970).




B

RARB, . RD, 1/ R g where RD, ZRD RD, ZRD
: L . I’"l A I » - A“CAA I
RD / - |
7,181, T . .

Similarly, the varlables used above, MTARIF and CONTROL, are

| ~ deflated for each country by a ratlo of - average tar1ff (control by forelgn
flrms) for the country as a whole to the correspondlng average for all
countries of the sample. The.variables thus transformed:are designated

I TARIFF and I CONTRQL. There is.oniy one conceptua1~difference between
1these and the explanatory variabies of countrv specific neasures of erport‘
performance Instead of using two separate var1ab1es for product1v1ty and
1abour cost per employer, a ratio of shares formed as - above from a composlte
variable, the efficiency wage, 1s used and defined as the ratlo of‘wages

tovvalue added created in an industrv, IWA/VA.

There is one problem related to the spec1f1catlon of var1ab1es in
the form of shares. 20 The share of each country is negatlvely re1ated to
the other countries'shares and therefore the regre551on-resu1ts-for one
country are not independent of those for the next one. ’The_resu1t is'that
for any characteristic, one or tvo countries each tend to be on opposite
sides, while the rest wind'up with inconclusive results‘invthe middle.
However, if the export shares are associated with the shares of R §& D

--and other variables, as presumed here, then one would expect that the extreme

cases would be at the extremes of the distribution and the "average cases"

19. See page 10
20. This critique is due to Keesing (1970) who. made the comments on a
similar specification used by Vernon (1970).
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would be in the middle. The problem is therefore solved. As for the
advantages of the formulation of variables in terms of shares it must be
said that the dependent as well as the explanatory variables permit a more

meaningfull international comparison.

The effect of the R § D effort on the export performance of an_.
industry is not instantaneous. The exports react to changes in R & D and
in other explanatory variables with a certain lag. Its length.dépends on
the spee& with which the exports incorpqrate the teéhnological improveménts
generated by the R § D activity and also oﬁ the speed of the response of
importers to the improved exports. 21 The lag varies greatly from case to
caée and there is no available empirical information which could be used
fdr-fhis study. TFor reasons related to data availability a simple iag of
two years was used. 22 The export values are for the year 1969 and the

industry characteristics are all for the year 1967. - -

Next chapter reports the estimated functions and their
coefficients in tables which are followed by an interpretation and discus-

sion of results.

21. A good theoretical examination of this lag structure is presented by -
Posner (1961). S

22. Theoretically, it would be more appropriate to establishan individual
"lead for each explanatory variable and specify a system of equations i
related by a recursive lag structure. This formidable task is outside
the scope of this study and was not attempted.
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II. EMPIRICAL RESULTS OF CROSS-SECTION ANALYSES .

‘This chapter focuses on the results of several cross-section ana-
lyses, covering a sample 'of fourteen manufacturing industries from nine
countries. The regressions are first estimated for each country separately,

thén for the‘total‘sampie'cbnstituted by.a pool’of:the hine‘countries.’l

As it isjiikely.that tﬁexﬁeterminants Of"the expﬁrf'peifofmance
of gh industry may vary, to an_important degree, ffoﬁ'one export_market~fd
another, e.g. Canadian expSrfs to the United:States ﬁéylbé relatively more
~ (or less) R § D intenéivé than é;ports to Eﬁfopé, feQrésSions are‘éétimated

for the»following markét"areas:

‘First; the-totai exports . (to the wo?ld) of each of the fburteeﬁ
manufacfuring~ihdu;tries to.the«éorld. _Secdndly,'theiriexpdrt$5to the Euro-
pean-mémbers countries of the OECD and then; the exports to the world buﬁJ
side the OECD countries. i

Eventually,‘dpe.to the iﬁporfance of tﬁe US market not only for

_Cahada but.alsb fér!the,majority;of othgf coﬁntxies, the exports of mahp—
facturing industriés to the US afé inifocﬁs}' In additioﬁ to analyzingi
the~exp9rﬁs gqing from each natiapél industiy to the US, the‘study also

looks at the bilateral trade between Canada and the US.

- In order not to overburden the reader with a maéé of tables, the

text'pfesents_only the results for total exports and leaves the rest of

"~ 1. In fact, due to data problems, industry 6, (petroleum products), was ex-
. cluded for Belgium and Sweden. Further details concerning the data and
their sources are in Appendix A. :
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the tables in Appendix C.

In discussing and interpreting the empirical results, attention
is concentrated on Canada; the results for other countriés and for the
ovefall sample, although also available in the tables, are referred to
'only for comparison with Canada and in general are not exhaustively dis-

cussed at this point.

Before interpreting the results of the estimated regressions, the
main hypothesié &ill be stated. It is expecfed.that both the country
specific measures of export perfbrmanée and the degree of speciaiization
in.exports will be positively associated with the respective measures of
R and D performance. It is also expected that the positive association
will be stronger the more technologically developed is the market to
which the exports are directed and the moré technologically infensive is
the exporting industry. Thus for example, the exports to European member
countries of the OECD shouid display a.higher degree of technological in-

tensity than the exports to the world outside the OECD.

For several reasons'howgver, theée:general expectations can be
contradicted by the specific trade performance. For instance, the depend-
ence of manufacturing industries constituting our sample on primary re-
sources varies greatly. Thus the outstanding performance of Canadian

paper exports is better explained by ‘the relative abundance of the prima-
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Ty Tresources in Canada than by a lead 1n R &D act1v1ty.2_ On the other -
hand, the technolog1ca1 character of 1ndustr1es is also very varlable.
0w1ng to the low number of observations it is 1mpract1cab1e to use slope
dummy'varlables;for the research 1nten51ve.1ndustr1es,~-Experlments w1th
the intercept dummies were not very.successfol and are reported for iafor-
mation'oﬁly in_Table.l for Canada;:fAs long-as-the coﬁtribution_of R & D-
to ekport performance varies from industry»to,industry,{the'estimated_»
commoﬁ regression coefficient of’the R § D variable gives only an idea of
the aVerage contribution the R & D;ﬁakee‘to tpe export performance of an
industryp' . ~within tﬁe analyzed Sampie;;.This average is likely to be
A.ah overestimatelfor the technoiogically less inteqeive‘rndustries and an

“underestimate £or the_technologically more intensive ones.

The technologically less.intensive‘standardized'products (apd
industries) are: likely to compete tﬁrough labour'productirity as preoicted
by ﬁicardianetheory. A positire association of the productivity variable
with the export performance varlable is therefore expected 'Furthermore,
the more and 1ndustry is export or1ented the more likely it is that it

will beneflt from,economles of scale; this aspect is also 11ke1y to con-

2. In this particular case the situdtion is more complicated. Canada's share
of the world's paper exports is known to be very important. What is per-
haps less well known is the fact that the R and D intensity of the canadian
paper. industry is also .well above the world standard, even after the influ-

" ence of the size of the industry has been taken away. While it would be
absurd in this case to claim that it is only the importance of the high
R § D intensity that is the cause of the high export performance of this
particular industry, it is not impossible that the relatively high level
"of © R § D activity has played a significant role in the cost and quality
competitiveness and thus improved or maintained exports. The cross-section
analysis can only reveal associations existing between the variables; an
attempt to-identify the causal relationships by -the means of shift and
“share analysis will be put forward in the 3 rd chapter
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tributé tovthé positive association. The tariff variable, relating
the.domestic tariff to an average of the tariffs of the same industry
abroad, is expected to be negatively related to the export performance
becaﬁse the countries are protecting their relatively less competitive
industries. The net influence of foreign control of an industry over
its export performance is hard to predict. It depends on the‘fole the
foreign affiliates play with respect on the one hand to their parent
companies and on the other hand with respect to the local market where
they are located. The relationship is difficult to predict because it
involves not only the export behaviour directly but also the R & D ac-
tivity. At this point, it is impossible to go into the details of this

complex problem,

The specification of the dependent and R & D variables (deflated
by the employment and later by the sales or total exports) in order to

eliminate the influence of the size calls -for a log-linear relationship,

Total exports to the world.

The results are presented in Tables 1 to 4 and they are discus-

sed in the same order,

1) Exports per employee

The explanatory variables explain 45% of the variance of Cana-
dian exports per employee (65%‘w56n the dummy variable is iﬁcluded) but

they do not pass the F test at the 95% level in either case.3 Due to

3. The F ratios are significant at the 90% level however. The low
statistical significance is due to the low number of observations.




Table |

Regressions relating total exports per employer of the manufacturing industries to explanatory variables.

Log (EX/EM), ,; = & + a log (RD/EM) '+ a,log (VA/EM) * a; log MIARIFF  + lég CONTROL + a, DUMMY  R*  No. of
7 . - . . : observas
tions

Expoftiﬁg country 'Net regressions coefficients of independentlvariahles and ( t §tétis;ics ).

Canada 1.813 0.155 '1.631 -2.454 -0.783 Y 0.453 14
0.3) (0.6) (1.0) -1.7) (-1.0) :

Canada 0.045 . ©1.773 -2.468 -2.028 . 2,061  0.653 14

(with . dummy) 0.2) (4.9)% (-2.3)% (-2.5)% 2.3) % . } .

us* -1.821 0.172 0.993 -0.951 — 0.772 14
(-0.9) (1.6) (1.8) (-1.713) : #

Japan -6.540 0.604 -0.343 0.540 -0.161 —— . 0.52 14
(-1.5) 2.n* . (~0.4) (0.4) (-1.8) )

Belgium -6.531 0.125 © -0.488 . 1.413 0066 ——  0.298 13
(-1.8) (0.8) (-0.7) - (1.0) . (0.4) .

Gernany Fed. -3.474 - -0.03 0.167 . 0.577. 0.517 . 0.582 14

: (-2.9) % (-0.4) (0.7) " (0.5) (2.9) # -

France .. -1.558 . .0.06 0.810 0.481 -0.082 ‘ 10.471 14
(-0.9) (0.6) (2.0) - (0.3) .. (-0.2)

Italy -6.066 -0.099 - " -0.426 . 0.691 0.842 — 0.63¢ 14
(~2.2)* (-1.3) (-0.7y . (0.6). (2.7 % *

UK 0.455 0.096. 0.898 0.509 0.574 —  0.754 14 -

_ (0.1) (0.6) (1.3) _(0.8) (2.9) % . *

Sweden -8.521 0.426 -1.174 “1.075 0.201 . 0.665 13
(-1.4) (1.6) (-0.8) (-1.6) (1.1) *

Total sample : -4.946 0.109 . “ 0.088 - '-1;21§& 0.035" ——  0.195 124

: (-6.6)* (2.3) * (0.5) " (-4.3) ©0.7) - . %

'Notes

"* The estimated equation for US does not include the foreign control variable.

**Total sample is constituted by a pool of all manufacturing industries of the nine couﬁt:iés.

% Significant at 0.05 level

61
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- the statistical weaknesé of the estimated regreséion coefficients; their
~interpretation must be considered tentative, All three regression coef-
ficients have the expected signé although they are statistically insigni-
ficant. Compérison of fhe estimated equations with and without fhe dummy
variable shows that there is a marked difference in the influence of the
R &D variable between the more and the less technology intensive indus- 
tries. At this point, it is risky to advance any hypothesis as to what

is the '"true" value of the regression coefficient a, because the reported

1
estimates are statistically toovweak.4 Comparison of the regression coef-
ficients ay foi Cénada andvthe overall sample indicates that the(:anaaian
R & D elasticity of total exports ber employee is close to the average of
the countries in the:samble. Comparison with indiﬁidual countries shows
that, while its value is only slightly below that of the US, which is -
surprising, there are several countries in the sample for which the R § D

effort seems to have :a significantly higher impact on the trade perfor-

mance. The outstanding examples are Japan and Sweden,

The:next variable, labour productivity, is positively associated
-Wwith export performance, as expected. The regression coefficienf is rather
stable because when the dummy variable is included its value hardly changes
although its statistical significance increases substantially at the ex-
pense of the statistical significance of the regression coefficient for

the R § D variable. For the whole sample, the labour productivity shows an

sion coefficients for several periods and thus check for Fheir stability
over time. ‘On the other hand, an estimation of a regression from a pool
of cross-section observations for several periods will enable us to attain

- .estimates of.a1 with a higher degree of statistical significance.
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insignificant positive association with the export performance as predicted.
However, there are several exceptlons when the regr6551ons are estimated,for
1nd1v1dua1 countrles notably Japan, Sweden and Belgium, whose regression
coefficients are negatiye and_insignificant.5 The tariffs are inversely
related‘to the export performance for Canada and the‘majomityfof countries
in theisample.“ The low‘statistical aignificance of the;regression'coeffi—:
cient for practlcally all countrles is probably due to 1mportant varlances'
in the 1nfluence of tarlffs on the export performance among 1ndustr1es.._
For the whole sample, on the other hand, the coefflclent is rather stable

: w1th respect to inclusion of the dummy varlable and is h1gh1y 51gn1f1cant.
It may be useful a stress here that the tarlff varlable is based on the
average of the nomlnal post ""Kennedy Round” tarlffs. _It,1s llkely.that
theAhigh‘intracountry.variance of the tariff ﬁariahle and the negative

51gn of its coeff1c1ent for the UK and Belglum reflect the p0551b111ty
that the post "Kennedy Round" tarlffs were not yet fully and unlformly
1mp1emented in-all 1ndustr1es and/or that some 1ndustr1es d1d not yet

adjust fully to the new tarlff structure in the1r 1969 exports
Theunegativelcoefficient of the foreign (U.S;j control variable |
indicates that an increase of the fomeign control not accompanied by an

increase of research intensity and/oi labour productivity is likely to

5. The regressions for individual countries, including dummies which are

' not reported in the tables, show a net increase in the statistical si--
gnificance of the reg. coefficient of the productivity variable and its
sign becomes in all cases, positive as expected,



Table 2

Regressions relating total exports as percentage of total sales of 14 manufacturing industries to explanatory variables.

2

Note! :+ Significant at 0.05 level

Log (EX/SA.)A w1 = 2, + 2, log RD/SA + a log EM/SA + ‘2. log MTARIFF + a2, log CONTROL - R No. of
L 1 .2 > _ 4 observa-
tions
Exporting country ~ Net regressions coefficients of independent variables and ( t statistics ).
Canada " -3.351 0.284 0.598 -2.733  =0.625 0.329 14
_ (-1.2) (1.2) 0.7 (-1.9) (-0.8) ‘

us -3.473 0.261 0.393 -0.749. 6.619 14
(-3.7)% _ (3.2)% (1.3) (-1.3) g *

Japan . : -3.194 0.451 0.564 -0.102 -0.134 0.667 14
(-1.5) 3.0)* (1.1) (-0.1) (-1.6) *

Belgium -2.373 0.141 0.642 0.472 0.051 0.394 13

: (-0.9) (1.0) (1.1) (0.3) 0.3)

Germany -2.24 0.266 0.616 -0.143 . 0.180 0.873 14
(-2.7) # (2.7)% (3.6) * (-0.2) (1.0) * :

France - ~2,222 0.471 0.169 -0.967 -0.711 0.685 14
(~2.6) % (3.4)% (0.8) (~1.0) (-2.1) = *

Italy -4.627 -0.076 1.119 0.387 0.688 0.446 14

: (-2.4% - (-0.8) (2.1) * (0.3) (2.3)%

UK -1.444 0.119 0.286 0.952 0.578 0.630 14
(-0.8) (0.7) (0.8) (1.1) (2.4)s %

Sweden -3.427 0.231 0.851 -1.359 0.283 0.654 13
(-1.4) (1.3) (1.5) (-2.2)% (1.8) *

Total sample -4.016 0.187 0.744 -1.196 -0.002 0.405 124
(-7.2) * (4.0)% (6.1)* (~4.4) * (=0.1) %

ze
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worsen the export performance of Canadian manufacturing industries.®
For most countries of the sample the foreign (U.S.) control is related
directly poéitively with the export performance; the notable exception.

d . being Japan.

' 2._ Exports as a p§rcentage of total sa1e§.>§
This speCifiéation is ﬁery‘simiiaf‘to thé prévious ong‘and._
théfefdre_oﬁly-the differences Shall'bé streéséd; .The fegression-for
Canada gives a slightly IOWer fit'(R2"= O.SSj and"is éfétisticélly
~rather &éak._'Again,the R §~D elasticity pf éXforts‘is positive and, .
except for'Caﬁada, statisticall}‘significéﬁf;for most countries 6f the
sample. _Compared with thé R G.D épploymen#_ﬁsed:in the preVioué speci-
‘fication, the present vafiabie,;the R & D:expensés‘as a ferceﬁtage of
- total éales; performed soméWhaf’bétter in éxplaining'the éprrts} as can’
be seen from a generally higher;level of:significancévof'the estimated
regression coefficients for alljéountfiés. The value.of‘fhe estimated
R & D«elasticity‘for.Canada is égain_slightly ébove phe éyeraée but nét

'substantially'different from thét of the US regression.

The behaviour of the tariff and. foreign control variables is
similar to the previous specification and ‘does not requife'further

comments

6. The correlation matrix (Table 5) shows that when the interactions of
foreign control with R & D and labour efficiency are ignored the more.
foreign controled industries exhibit somewhat higher exports per em-

- ployee. This simple positive correlation is also supported by other
data. The survey of Foreign Owned Subsidiaries in Canada reports that
-the exports of all foreign owned companies in Canada increased more
rapidly during the sixties than total Canadian exports as well as the

- positive trade balance of the reporting companies. See Industry,
“Trade ‘and Commérce (1974, p. 21). o L
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The_employmeﬁt per sales Variable, EM/SA, is in fact the in-
verse of the labour productivity variable with the variable expressédg
for the sake of uniformity, as é'ratio of employment to sales rather
than in terms of value added as in the previous specification, There-
fore,_its‘reéression coéffiéient is expected to be negative. However,
the coefficient comes with positive, although rather insignificant, va-
lues which.ére explained by interindustry differences in-the cpmposi—

tion of value added.7

In conclusion, it can be said that the specification in terms
of eiports and other variables'deflated by sales is slightly superiér,
‘excgbt for Canada, both in terms of total variance explained and sta-

_ tistical significance of estimated coefficiénts, to the previous speci-
fication. However, both confirm the expected role of the R & D variable

in explaining export performance,

3) Exports of an industry as é;percéntage of total éxports of the country.

The first two meésureé of export performance related the Valué'of
expofts to the input of the productive factor (labour) 6r to the total out-
put of the industry. In bofh cases the standard of reference was a charac-
teristic of the eXporting industry itself, The present dépendent variable

expresses the export performance of an industry relative to an outside standard

7. The ratio of sales to value added is negatively correlated with exports
per sales (r = -0.24) and when the former variable is included in the
multiple regression the labour efficiency performs as expected: (va-
riables in log.) '

EX/SA = 4,13 + 0.16 RD/SA + 0.99 VA/EM - 1.79 SA/VA - 2,49 TARIFF
(0.5) (0.6) (0.6) (-1.3) (-1.7)

-~ 0.79 CONTROL . R? = 0.41.

(-1.1)




Table 3

Regre551ons relatlng the exports of 14 manufacturlng industries expressed as percentage
of the total exports of the respective country to the explanatory variables.

log RA 2 a

No..of

(-7.4) & - : (8.0)% : (1.8) (-2.3)* o (-2, 4)

Note: ¥Significant at 0.05 level °

ST ..

Log (EX/EXT), 2 + 2, , log WA/VA *  ag log MIARTFF + a, log CONTROL R
- ; ( . : . observa-
tions
'Exporfing country Net-regressions coefficients of independent vériablés and ( t statistics ).
Canada - -3.179 : 0.464 0.460 C 23,360 . 11366 0.449 14
(-1.1) (1.8) (0.1) S =2.0) : (-1.0)
Us* -1.340 0.368 - 0.915 , y -0.613 0.576 14
- (-1.1) (3.0)% (0.8 (~0.6) ‘
Japan . =0.297 0.614 1.261 , -0.518 . -0.128 0.835 14
‘ (-0.1) (5.6)s ' (1.4) (-0.6) - ‘ (-1.4) *
Belgium -2.084 O olza6 7 courss T owsis i -0.278  0.444 13
(-3.0) % (2.1)% : 0.7 : (0.3) - (-1.2)
Germany ~1.491 0.494 ' . 021 20.176 - S -0.117 0,735 14
(~1.8) - (3.6)% - -~ (0.6)° : (<0.1) . (-0.4) #* :
France -4.052 [0.646 <0.364 . . =1.208 . -1.117 0.754 . 14
(-4.4) % (5.2)* , (-1 0) : o (-1.1) o (-3.2) * %
" Italy 0.193 S -0.05 . 2,179 .. 0.418 _ 0.473 0,173 1
. (0.1) . (=0.:3) (1.2) L (0.3) i : .2)
UK ~0.369 ‘ 0.489 - 0.988 ° . - - 0,511 A 0.298  0.672 14
(-0.5) S 2. o 0.9) CTT L (0.5) : - 0.9) S ;
Sweden © =0.799 0.426 . 1.875 - . ... . -1.234 R . 0.114  0.689 13
(-0.6) S @ (1.2) T G W) : (0.6) %
Total sample -1,973 0.369 " 0.393 S -D.642 . -0. 097~ 0.389 124
? . 3
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- the value of total exports of the country. If R § D is an im-
portant determinant of trade performance, it can be expected that an in-
dustry's share in a country's total exports will be positively correlated
with‘the industry's'shaie in the country's R § D activity_° Although,
this specification does not have much theoretical appeal, it has the ad-
vantage of permitting a meaningful comparison of results for éxports
directed to different markets,because they can always be related to the

total exports of the given country toward the analyzed market.8

As it can be seen from Table 3, the results show that there is a
strong positive correlation between the'export shares and the R § D §hares_°
The estimates df the regression coefficient are statistically more signifi-
cant not only for Canada but for most countries of the sample as well.,

When all observations are pooled, the variance of the estimated coefficient
ais is substantially smaller than in the case of the previous two specifin
qations. If it were not for,the‘consistently untypical behaviour of Italy,v
which does not show any significant relationship with any of»the eXplana—
tory'variables; the values of the estimated regression coefficient for tﬁe

R G D share would be very uniform for all countries of the sample.

8.. Thus it will be possible to compare the estimated regression coefficients

- for exports toward the European member countries of the OECD with those
for exports to the rest of the world outside the OECD. ' This kind of com-

- parison is not valid for the previous two specifications where the exports
‘are related to the characteristics of the exporting industry itself. For
example, it is meaningfull to inquire why the share of Canadian exports
~of electrical machines to the world outside the OECD is 5% of the total
Canadian exports when the share of the same industry's exports to Euro-
pean OECD countries is only 2%. It does not make much sense however to
know that the value of exports per employee to the rest of the world
outside OECD is $469. and that to OECD Europe the same is $390.
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Looking at the results for Canada, it can be seen that the yalﬁe

of the regression coefficient a is'higherAthan that of the US.and it is

1
one of the highest in the sample. 'This is due to the strong share of the’
'papér industry in-Caﬁédiaﬁ exports as well as in Canadian :R & D . ~On the

" other hand,. the poor showing of the US can bé explaihéd_b} the ﬁilitary and
5pace.orientétién of US research, which resuits in the felétivéiy lower.sharé
of each of thé fourteen manufaéturing industfies"'R &'b eXpehsés in the
total US R § D: expenses.-g Inc1dently, lagglng of the US non- mllltary
manufacturlng industries behlnd thelr maJor forelgn competltors has become
1ncrea51ngly apparent~not only.;niR_&-D _ act;v1ty,but_also,1n-general in-

dustrial ‘and trading performanCe.lo

The tariff and foreign gontrbl variabie pérfofﬁs.justAas it did - in-
tﬁe previous specifications. - There is no need.fof&éommeht. _The efficiency
wage variable is however conceptualiy differeﬁt.frém the;productivity mea$?-
ures ﬁéed in previoﬁs specifiéations-because it combines the pfoductivity
in terms of value added per"empipyée‘and the wage bill_pér emﬁloyeein.the form
of a ratio. >The expoptiﬁg industries are expected to be-more produétiVe
as shown in the tegressions of EX/EMT If the rate is the Same in all ‘in-

dustriés, one would expect a negative sign for: the a, coefficient. The

9. Thus in 1967, the total. intramural expenditures of the 14 industries in-
cluded in our samplé (which does not include thé aircraft industry) repre-

. sent 90% of the total intramural expenditures of all industries in Japan,
- 80% in Canada but only 62% in the U.S.A.

10. The lag of US civilian R § D as one of the causes contrlbutlng to the

deterioration of US trade performance is discussed by Boretsky (1973).

The same problem from a more general perspective is also analysed by

Melman (1975).
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fesults show that the sign is positive for most countrieé although not sig-
nificant. Therefore, it éeems that in general, the exporting industries
are offering higher wages that the import competing ones. This. can be
interpreted. as a consequence of the tendency toward factor price equaliza-
tion'between tréding partners. Besidés, there is a positive correlation
between the R and D intensitY'of’an induétry and its wage bill Whiéh con-~

tributes to the positive sign.

4) Degree of specialization in exports.

The degree of specialization in exports S, _, which is the dependent

: Al
variable of the last set of regressions presented in Table 4, deserves some
comments before turning to the interpretation‘of the results of the estima-
tions. The values 6f SAI were calculated for all the industries of aillfhe
countries of the sample and are presented in Appendix B. Here, comments

focus on the values of S, considering the total exports of each national

Al
industry to the world. Those Canadian manufacturing industries which have
a higher share of fotal exports of all countries in the given industry than
in éll industrieé, i.e. those industries which have a higher degreé af
specializétion in exports than the world average, have SAI > 1. They are,
in order of importance: the paper industry, transport equipment, wood. and
furnituré, food and beverages and metallurgy. At the 6pposite extremé,_the
~16west valués for SAI < 1, belong to the textile, the non-metallic minerals,

the rubber products and the clothing industries.

The degree of specialization of Canadian manufacturing industries
in R §D activity will now be examined. The values of the RARB variable

~are reported in Appendix B.

3




Tabled

Regressions relating'degree'of’specialization in expoits, 'SAI,bf 14 menifacturing industries to the explanatory variables,

S ' = " a + a, (RARB) + a, I(WA/VA) + a, (I TARIFR) 4+ a, (I CONTROL) R2 Number of observa-
Al 0 1 2 3 ; . 4 tioms
Exporting country Net regressions coefficiénts of independent variables and ( t statistics').
Canada 1.469 0.340 -0.911 -0.855 0.206 0.87 13
(1.0) (6.05" (-0.9) (-1.3) 0.3) *
us  0.698 0.556 -0.189 " -0.258 — 1054 13
(0.8) (2.36) * < (~0.3) (-0.9)
Japan . 2.383 0.132 -0.629 . 20.769 . -0.178 0.54 13
(1.4). (0.9) (-0.6) (-0.9) . (-0.5)
Belgium 1.675 0.370° -1.584 0.037 0.195 0.87 12
(1.8) (5.6) * (-2.3)% (0.1) (1.5) %
Germany Fed.  0.708 0.036 -0.027 0.399 - 20.089 0.04 13
. (0.8) 0.3) (-0.1) (0.4) (-0.5)
France  3.255 -0.017 .0.168 - =1.689 © -0.285 - 0.63 13
. (4.0)% (-0.2) (-1.0) (-2.4)% - (-2.0) *
Italy © . -4.895 -0.024 9.064 -2,79 -0.223 0,51 13
: (-1.1) (~0.1) (2.2) (-2.1)% (-0.2). '
UK : 2.311 -0.164 ~0.651 -0.850 ©0.502 0.29 13
(1.4) (-1.1) (-0.6) -1.1) a.n
Sweden . . ©22.070 © 1,16 23,379 5.031 " -0.581 0.65 12
A (-0.3) (2.3)% (-0.6) (1.2) - (-0.8) #
Total sample 1,597 0.237 -0,155 -0.853 0.092 0.31 115
(4.09) % (~2.8)% (1.05) w ’

Note: 4Significunt at 0.05 level

(5.6) %

. (-0.7)

6Z
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.Again, in order of importance of the yalues, the paper industry

leads, followed by the wood and furniture industry, the metallurgy and
the food and beverages industries. The least specialized in research are
transport equipment , clothing, non-electric machinery, non-metallic miner-
als and rubber industries. If we consider the special vsituation of the
Canadian aufo~industry, due to the Auto-pact with the US, and if we do not
take the transport equipment industry into consideration, we see that the
ranking of induétries, according the values of the degree of specialization
in éxports, is almost perfectly matched to the degree of specialization in

R§&D activity. It is therefore not surprising to find that the multipie
regression reportéd in Table 4 confirmes this close relationship witﬂ a
relatively high and significant R? = 0.87. The regression coefficienF'for
the R and D variable is also highly significant. This very close relationéhip
is however not generally true for other the countries of the sample. For
the US, Japan, Sweden and Belgiﬁm the regressions support the hypothesié of
a positive correlation between the degree of specialization in exports and
in R & D , however for the other coﬁﬁtries the correlation. is very weak

and, in some cases, negative.

‘The ratio of the efficiency wage IWA/VA displays a statistically weak
negétive regression cbéfficient‘fbr Canada and all other countries again with
the exception of Italy. What does it mean? It shows that the national in-
dustries specialized in exports have generally lower efficiency wages, i.e.
wage/value added, than their foréign competitors. It is important to. stress
here that this is not at all in contrast with the finding of the previous
section that, within a country, the exportiﬁg industries have usually higher

efficiency wages that the import competing ones. In the former case, the
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efficiency wages: between the;industries,of'the same country were compared
. and, in the present case, the comparison ‘is made:between the efficiency
wages of the same industry across the sample. The results are therefore

not inconsistent and conform to what is expected.

The tariff varlable performs also as - expected in the case of Canada
and most other countries. The forelgn control of Canadlan 1ndustr1es is
again positirely correlated with the export*variable. _In general, looking
at the results'of the.regression>for the»whole samble, ft is possible to

'conclude.that' R & D plays an 1mportant role in explalnlng the degree of
speC1allzatlon in exports whereas the rema1n1ng explanatory varlables ‘behave
as expected However, the low proportlon of varlance explalned by the re-
gre531on for the overall sample. and by ‘the regresslons for some countrles
and the relatlvely low stat1st1ca1 slgnlficance of most of the regresslons
and estlmated coeff1C1ents does not permlt us to 1nterpret these results as
more than another indication of the important role of the R &D activity

as one of the most 11ke1y sources of good export performance.

il. Several econometric problemstwhich could have had negative influence -

on the results interpreted in this section were not explicitly discussed.-

Among those, multicollinearity could be, to a certain extent, the cause

of low statistical significance of some estimated regression coefficients.

‘To give an idea of the degree of correlation existing between. the inde-
pendent variables, Table 5 presents the correlation matrices for Canada

~and the whole sample. It can be seen that the multicollinearity'exists
to a certain degree between the independent variables but not in high
enough level to 1nva11date the estlmates
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Correlation matrice for CANADA (14 observations)

LGFEXSA LGEXEM LGRDRA LGRDEM LGVAEM LGEMEA .LGSAMA LGMTARIFLGCONTR

A

1.0000
09302
0.2100
01522
0.2046
0.0041
~0.2465
=0e4319
0«06R2

0.93n2
1.0009
03542
0e3541

0450973
~0.3633

Ne069%
~0.537¢

- 062576

3

Ne2100
Ne3542
1.C0C0
0eSASA

0. 6023 D0.6R3IA_

4

L1622
0.3547
0o 3658
1.0000

5

0.20486
0.5063
0.6023
C. 6836

~0.4319 =0,5530 ~0.,R684

0. CaEL
~0,1371
04926

062130

0.4204

_001 R47 =0.4185

05655

6 7 8 9
0.0041 =Co2465 =0.,4219 (.0882
~0a3633 0.0685 =0,5376 0.2576
~0e2319 000864 =0,1321 (.8926
“0e5530 062130 ~041847 045655
1,0000 ~=0.f684 0.,4204 =C.8185_  0.6336
1.0000 ~0.8150 - Co3684 —=0.5288
~0.8150 1,0000 -0,1851 0,2271
03684 =0+1851 1.0000 -0o5013
0e2271 ~0.5013

0.6336

-0.5288

1.,0000
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Comparison of exports to Europe and to the world outside OECD.

. The results of thie preceding section show that no matter what .
standard of reference isvchosen there is an indication of a relatively
high,correlation‘between the export performance and the R and D 1nten51ty

‘of 'an industry. . So far, the p0551b111ty to d15t1ngu1sh exports accordlng

to their destination has not been 1nc1uded in- the ana1y51s

Here, some interesting results‘of the first stepstaken‘in this
directioniare preeented What dlfferences, if any, enlsts in the. pattern
of exports and their economic determlnants when exports are compared to
two w1de1y dlfferent groups of countr1es7 in order to compare substantlaily
different markets, the reference points are on the one hand the European
member countries of the OECD (Europe) which are, except for few unlmportant
.exceptions, industrialized and advanced economles and, on ‘the: other hand
the residual group of countries not belonglngvto the OECD (rest of the
world). The 1atter group 1is predominantiy compbsed of'ieas deveiopedicoun-
triesvwith'exception of the socialist countriee of:eastern‘Europe and the

USSR.

" Although, the economic indicators of ‘the two importiné areas are -
not used at thie stage; it is neverthelessvsafe to assert that the-first
group is technologlcally and economlcally more advanced than the 1atter
“The question arises here and to which an answer is sought is: do the :
characteristics of exporting industries play the same role in explaining
export shares’ of two:euch widely different markets? if not, then how do

they differ?



Table 6
Regression relating EXPorts to QECD Europe as a Percentage of Total Exports of 14 manufacturing industries to explanatory variables.

!

|

log CONTROL + 3 log DIST R”.  No, of i
i

Log (EX/EXT), ¢ 1 = a, .+ a2, logRA  + 2, log WA/VA +  ay log MTARIFF + g,
. . obser-
vations
EXPortiﬁg country A Net regression coefficents of independent variébies and ( t statistids ).
Canada . =5.247 0.579 . 1,629 -2.440 -2.575 0,525 14 .
(-1.6) (1.9 (0.4) . (-1.2) (-2.6) - —_— 1
Us -2.870 0.356 0.624 0.249 ’ 0.373° 14
(-1.8) (2.2) * (0.4) (0.2) -
Japan ’ -0.617 0,901 2.576 -1.651 . -0.235 . : 0.872 14
(-0.3) (5.4) # ) (1.9) - (-1.3) o -1.7) * ‘
Belgium ‘ T -2.468 0.304 0.583 0.459 : o -0.248 - 0.361 13 .
(-3.4) * (1.8) (0.6) ‘ o (0.2) (-1.1)
GeTmany -2.161 T 0.461 0.205 0.040 : ’ -0.178 0.727. 14 |
(-2.8) = (3.6) % . (0.5) 0.0) - o (-0.7) : *
o - i
France’ -4,969 0.631 -0.653 .=1,022 -1.214 0.77 14 !
(-5.6) * (5.2)s (-1.8) (-0.9) (~3.6) -_— # :
Italy -0.725 -0.041 1.938 . 0.420 0.409 : 0.129 14 |
(~0.3) (-0.3) S (1D (0.3) . (.0) ——— i
- -1.367 0.418 " 0.897 0.187 , ©0.335 0.633 14
(-1.8) (2.3) » 0.8) ' (0.2) (1.1) —_— *
-1.894 0.329 1.309 -1.359 0.103 3
Swede . . . 5 . 0.635 13
wecen (-1.5) (1.9) (0.8) o (-1.8) (0.6) _ *
Total sample ~2.732 0.342 ' 1.149 -1,573 ' -0.142 - 0,411 0.322 124
: (-6.8)x (4.9) % ©(3.6) % (-3.7) % To(-2.4)% _ (=0,3) %
-Note:a-Significant at 0.05 level- )
=N




‘Table 7_

Regression relating EXPorts to the World outside OECD as a percentage of‘totél exports of 14 manufacturing industries to the explanatory varizbles,

Log (EX/EXT) = 2, + a log RA R a, log WA/VA + ag log HTARIEF + ' a, log CONTROL R? 'No, of observations
- EXPorting country : ‘ Net regression‘;oefficients of indepgﬁdent variables and ( t statisties ).
Canada - T -4.752 . 0.587 . D.766 s -3.413 1.6 10.610 14
(-2.0) (2.8)% (0.3) . (=2.8) = (-1.8) #® -
Us . _2.547 . 0.342 o 0.781° - -0.495 . 0.495 14
(-1.9) (2.6)% , (0.6) ‘ ‘ (-0.5) - '
Japan T -0.756 - 0.741 . 0.826 _ : -0.495 -0.084 0.820 14
(-0.4) . (5.9)% - (0.8) : (-0.5) _ . (~0.8) # »
Belgium - - -3.109 0.646 . 1.318 . =0.461 o -0.196 0.778 13
- (-5.0) = (4.4)% (1.4 - (-0.3) C o (-1.0) . #
Germany oL =2.709 0,696 -0.025 o -1,210 - © -0l 0,801 14
- (-2.9) I CN L " (-0.1) © o (-0.8) - - - (~0.4) *
France -4.248 0.683 . . - 0.385. = . : -1.172 i C -0.912- - 0.734 14
- (~4.0)% (4.7)% (0.9) _ (-0.9) .. (-2.3) % - *
Italy 0.549 -0.050 C 2,978 ) 1.336 : _ 0.763 0.332 14
(0.2) (-0.3) . S (1.7) _ _ (0.8) _ .9 :
UK -1.178 . 0,593 ' © -0.863 . S I £ 0.276. 0.786 14
(-1.7) (3.6)% (0.9) ' (1.4) ‘ (1.0) #
Sweden , -0.749 S 0.806 _ 2.593 . 0676 , 0.124 ' 0.682 13
(-0.4) : (3.1)% RN ¢ SO0 L (-0.6) . (0.5) #
: -3.193 0.478 0,23 0,208 .t 0,113 . 0.349 124
Total sample (g 0)x L (.8 © (0.8 _ 0.6 SR * ‘

Note:#* Significant at 0.05 levei <

Se
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Two spécifications,are used. The dependent variable in the firsf
is the ratio of exports of a national industry to the respective market
area, i.e. to the European members of the OECD or to the rest of the world
outside OECD, to the total exports of the giveﬁ country to the respective
ALE,T for Europe and EX/EXT A,W-OECD, I for the rest of the
world. The .explanatory variables remain the same as in the corresponding
equation presented in the previous section? Table‘S. The fesults are pre-

sented in the Table 6 for exports to Europe, in the Table 7 for exports to

the rest of the wbrld outside OECD.

The dependent varlables of the second spe01f1cat10n are the degrees
of specification in exports to the respective market areas, SA g.1 °F
P R ]

. lana ariables are the same as for the corres-
SA,W~OECD, 1 The explanatory v ,
ponding specification'in the previous section, Table 4. The results are

presented in Appendix C.

As in the case of total exports,'the'estimated functions of an in-
dustry's share -of the total exports of each country show better fit and
higher«statisticalAsignifigancevthan the results for the degree of special-
'ization in exports. The only exception in this respect is again Canada
with an extraordlnarlly hlgh and statlstlcally significant coefficient of
determlnatlon of the functlon explaining the degree of specialization in
expdrtsf Both sets of results suggest however the same interpretation.

The emphasis will be placed on the results presented in Tables 6 and 7.

Comparison of the estimated regressions for each exporting country
suggest that there is a different pattern for exports for European countries
on the one hand and for Japan on the other. Canada and the US stand some-

-where ‘between the two extremes, Wwith the former being closer to Europe.
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Forlthe European countries of the sample,-and to a 1esser.degree for Canada,
thevresults suggest thatifor a given share of R and D, an industry's share
of]exports to the rest of the world‘is higher.tha its share of exports to
Europe. When the R and D elast1c1ty of export shares to the two markets

are compared it, appears that for Canada and, a11 European exporters this
eiasticity‘is in both cases positive but h1gher for the exports to the. rest
oflthe-wOrid.‘ For the US and for Japan, the R and D elastiCity of export
shares 1is respectively slightly.and.substantially higher for exports going
to Europe., How can these findings be interpreted? It can first be argued
'that the European market for exports of manufactured products is more com-
petitive in terms of technological 1nten51ty than the market const1tuted by
the rest of the world outside the OECD "This affirmation can.be supported

by two simple observations.-'

In. the case of Europe, due to the geographical proxlmity, the trad1~

tional interdependence and the d1v1sion of labour between countries integrated
in the Common Market and in the‘Free Trade(Association,.a substantial part
of exports of each European country in the sample is directed to its neigh-

bours. 12 There is a high degree of specialization in production which -

'enables even relativeiy small countries to achieve economies of scale. Ac-
cording to-Dréze,l‘3 'who first'analyzed and called the attention of econo-
mists to this pattern of specialization, it is,the‘differentiation between
the:national.suppliers that is more important than the differentiation within

a group of goods. Thus for example, plywood is typically a Belgian export,

12, European countries of the sample exported, in 1969, 65% of their total
manufacturing exports to the European member countries.of the OECD.

13. This compares to 15% for Canada, 30% for the US and only 13% for Japan
Dréze (1961).
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while furniture is not. The plyWood;industry,,per se, might exhibit
greater'econoaies Qf scale fhaﬁ the furniture industry. ’The "hypotheéis
of standardizatioﬁ"; as' Dréze calls it, may explain the concgntration of
exports of smaller Eufopean nations among standardized, semifinished prod-
ucts. To tﬁe extent that this standardization exists, it must 56 logically
cdmpieménted by a,speciaiiéation‘of'other, preéumabiy bigger,_European
countries ih techﬁologically sophisticated products. The spépiélization
is in particular products or in limited groups of products rather than in
whole, broadly defined induétries. Theréfore, an analysis of a group of
higﬁly aggrégated manufacturiné industries, like the 6nés belonging to the
sample, cannot reveal the pattern of such a narrow speciali;ation. To the
extent fhat this is true, the exporfé of a given Eurépean manufacturing.
industry tovits ﬁeighbours will -appear to respond less to thg industry's

R §D effort, than the exports pf the particular froduct (group of pr9d~
ucts) in which the industry is.actually specialized. The regressions,
based.on aggregated data, may therefore underestimate the true dependénce
of export shares on- R & .D. shares. The narrow specialization of Eﬁropéan
éountries in exports and R § D makes-it naturally more difficult for for—
eign e%ports to penetrate the markets, unless they exhibit a substantial
advantage over’ﬁroducts availabie from European sources. The regression§
for:Canada, the US and Japan. show that“only the Japanese and to a lesser
degree'the;US exports fo Europe depend moré strongly . R & D than the ex-
ports of 1eading Européan coﬁntries such as Germany or Sweden. Both the
US and Japan: can offer in some industries, products of high technological

sophistication which penetrate easily these European markets.

On the other hand, both American and Japanese manufacturing indus-
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.tr1es are llkely to. be less narrowly spec1allzed than the1r European
counterparts. Therefore,.the aggregat1on bias likely to affect the re-
sults for the exports of European countrles is less llkely to affect the '
regre551on for the US and Japan. o |
_AAs far as Canadian exports are concerned ‘the industries exhibi-
‘ting a better than average’ export performance accordlng to the values of .
‘SAEI’ (see the values in Appendlx B) are ma1nly paper, metallurgy ‘and
:‘zfood and beverage, i, .€. 1ndustr1es closely related to natural resources.u
As for the relatlonshlp between RE&D and exports _the level_of the ex-
- port share to‘Europe correspondlng to:a“glven R'&D share‘is lower than
-the share of exports to-the'rest of the world; An 1ncrease of the’ R § D'
share appears to result 1n a smaller increase. of the export share to’ |

Europe than to the rest of the world

In comparlson w1th the European members of the OECD the non-_
members of the OECD which are predomlnantly develop1ng countrles, repre—
sent in general an export market much less compet1t1ve than Europe.

There are numerous reasonS'for th1s lack of compet1t1vene55' ‘the tradi-
‘tional dependence of many of the developlng countr1es on’ the1r former _
colonial rulers, their geographlcal p051tlon and the consequences of b1-_
lateral aid,-to'name only few. Be51des, the demand for'1mports of thlS
group of countries is,more concentrated in products which, while they:
are‘produced by technologw intensive industries such as chemicals or
electrlcal machinery, do not represent the most sophisticated:products

those industries are able to produce and export. For example, the
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less developed countries import standard electrical machinery such as
power plants, electrical motors etc.... more than sophisticated eleétronic
equipment.Owihg to'theimpossibility of Breaking the industries down into
sufficient detail; the results of the regréssions presented in Table 7 which
shows  that there is an important degree of associationvbetween the exports
to the countries outside the OECD and the R§D actiVity performed by the
exporting industries, are not to be interpreted as a causal relationship
betwgen the R & D performed and exports to those countries.
The important part of R‘& D activity directed to invention, innovation and
development of the new;.technologically most up to date products ané‘
pfocésses are nof likely to be exported to thé developing countries.

On the other hand, the standard products of the technologically iﬁten-

sive industries. of most of the exporting countries in the sample are
- exported to the developing éountriesvwhere, for reasons discussed above,
they‘are 1ike1y'to ﬁeet less competition than if they were exported to
.Europe, for example, This interpretatibn is of course tentative and

cannot be corroborated by empirical data available for this study. It

is also likely to become grédually less realistic as fhe technical ex-

pertise of countries outside the OECD impfoves.
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Exports'togfhe_ULS. market

3 lhere are‘at least two reasons. whlch justlfy a
separate analys1s of the exports to. the U.S. market. 'The
jflrSt~lS the reaq or aHeged technolpglcal lead of the
'UAS. which has‘be%n nidely-accepted £o be one of‘the fac-.l
tors determlnlng the flows of - 1nternatlonal commerce andf.
1nvestment14 . The other,'more pragmatlc,;ls the overall
importance of the-U S. 'maﬁkétrfor Canadian>exports.v The

latter argument does not ‘need any emplrlcal support the

former may be clarlfled by’ a look at the R £ D statlstlcs;

There can be no:doubt.that in;absoluteiterms, the_
U.S. manufacturing industrles‘still;spend-substantially_'
-more- for their R & D than thelr‘competitors; _fhere-is of |
course the difference of size to he taken intouaccount
When the R & D expenses are related to the sales of the
: 1ndustry, the lead of U.S. manufacturlng 1ndustr1es beco—
mes much less ev1dent. Only in petroleum products, non-
electrlcal machlnery and to a lesser degree15 in rubber p'
products, electr;cal products‘and in transport equipment'
‘industries is the U,S. R & D ekpenditure per sales higher
than abroad. The U.S., however, is lagging behind_their
foreign competitors in all other technologically less in-

tensive industries.

14. Vernon (1966).

15. In. the last three industries, the U.S. lead is very marginal.
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Tﬁe ratio bf R &€ D expenditures to the value of
sales may, to a certain extent , be biased by the hiéh wage
rates paid in the U.S. for R § D. An alternative measure, the.
ratio of qualified scientists and éngineers to the total
employment of the industry16 confirms, however, exactly
the relative position of the U.S. manufacturing.indus—
tries established according to the R & D expenditures per

sale,

Further, the analysis of changes that occurred in
the R & D expenditures between 1963-1969, which will be
discussed in détail in the next part of this paper shows
~ that, the U.S. are losing their relative advantage even
in the technology oriented industries dueAto'their slower
growth. As was already pointed out abovel7, one of the
reasons is the deep involvement of the U.S. R &€ D in mili-

- tary brientgd industries. The total R &€ D of the fourteen

U;S. manufacturing industries included in our sample repre-
sents dnly 62% of the total R € D performed in the whole

U.S. manufacturing sector which is substantially leés than

in other countries; e.g. as compared to 79% for Canada and

90% for Japan. The industries not-included in our sample

are the military oriented industries, aircraft and missiles,
and the "other" manufacturing industries. The percentages
above show the extent of specialisation in non-military orien-

ted research.

16. See TableB-2,column (3), QSE/EM in Appendix B

17. See page 27
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In spite of these‘qualifications,Awhicn'cast some

' doubts on the technological hegemony of the U.é.dmanufac-i
turing sector,'theAU.S. still represent.the‘most technolo?
gically_competitive market. The;analysis'of theaexports

to this market will, therefore, be:a-final test of the hypo-
:theses.suggesting:the existence of~alclose association between

~the R &-D performance and?the_eXPort‘performance;p

The.dependent varlable w1ll be the share of. the\
total\U.S; imports in the given industry from all eight
‘countries of the sample. The explanatory variables are’
specified so as to relate,g in the “form ofretlospthe perfor-
mance indicatormof‘the exporting 1ndustry to the~same indi—_
cator of the 1mport competing u. S. industry. For example;
'the ratio of the R €D expendltures by the chemical 1ndustry
;as a percentage of the total R & D expenditures in the Cana~:
dian manufacturlng 1ndustr1es to the corresponding share of
_the U.S..chemlcal 1ndustry,‘ The_llst of explanatory variables
includes the R 8.D ratio; the laoour productivity ratio,Atne.
tariff ratio and theiwage.ratio. Also 1ncluded is the variable

which measures: foreign, i. e. U.S., control of ‘the 1ndustry.

The specification of the multiple regress1on model

and the results are presented in Table 8




Regressions relating shares of the U,S, manufacturing imports to-explanatory variables.

. S - . _ . . : _ ‘_
v ! ) _ ) e *e . ) R . n \
Log \EXA,UQ// 2 e EXA,US )I = a, + al(RAA/RAUS)I.+ a, (VAEM, /VAEM;o); + a,(WAA/W§US?I + a,,(TARIFA/TARIFUS)I + as.CONTROLI + ag DIST. _ }
Sxpcrting'cbuntry Net regression coefficients of explanatory variables and (t statistics)
& . . .
Canada®* - 10.416 0.271 0.852 -18.948 1.317 0.823 g.924 13
(4.5)# (6.6) % €0.8) (~6.3)% (3.8)% (1.9) —_— *
Japan * : -1.553 -0.039 1.744 ’ 4oy © -1.096 ~4.065, 0.617 13
(~0.8) (~0.2) €0.1) (0.1) (=2.0) . (-1.5) —_— "
Zelgiun® 0.182 0.610 1.673 -19.962 -0.175 . 3.689 0.700 13
(0.1) (2.10% (0.3) (~1.8) (-1.5) . (1.1) —_— =
Germany -2.875 -0.009 -5.310 6.841 -1.407 ‘ 14,807 0,501 1%
) . (~0.6) (-0.6) (-2.5)% (0.8) (-1.5) (2.0) ——
Trance -3.075 0.005 - -0.016 . 1.291 -0.989 . 3.366 ' ‘0.328 14
(-0.8) €0.2) ¢-0.01 {0.1) (~1.5) 0. —_— _ '
Tealy -2.515 " 0.092 -1.175 : 2.160 <1.271 ) 3.134 : 0.877 1t
(-0.5) (1.2) (-0.1) (0.1) . (-1.3) €1.0) —_—
vx . -1.257 -0.009 -4.79 4,58 -1.32 Co-o.u1 : p.ul. I1s 1959
(~0.87) (~0,48) (-0.65) ‘ (0.75) (~2,08)% (-0.28) A
Sweden® - . 23,04 -0.008 -6.89 4.29 -0.25 0.62 ‘ 0.25 13 1968
(-0.58) (~0.18) (-0.49 . (0.2D) (-0.22) A (0.11)
Towal - ‘ -0.322 0.193 0.687 -3.928 -0.329 1.856 -0.08Y’ 0.238 104
sample (-0.4) (3.0)% (0.6} (-2,7) # (-1.3) : (2.8) (~2.8)% »
0.357 0.203 T 0,779 -4,203 . ~0.420 1.u489 -0.051 . p.2487 104

(1.09) (3.18)% ©.(0.67) (=344 (-1.61). E ©(2.00) (-5,u8) =

Notes: ®¥Significant at 0.05 level

*Indicates that the 3rd industry (clothing & footware) was not included in the regression,

*% Symbol VAEM stands for VA/EM, i.e. value added per employee.
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The first regréssion shows'that the Canadian share
of thé U.S. manufacturing imports is significantly positi-
vely related to the relative intensity of the R EVD in both
countries, The higher the relative intensity (i.e. the pérj
ceﬁtage of the total Canadian R €D expénditures in ali man- .
ufacturing industries) of R & D in.the Canadian industry
compared to the relative intensity in the corresponding U.Sf
induétry, the higher’ité share of the U.S. manufacturing

imports. As for the labour productivity, the closer the

prdductivity of the Canadian industry to the productivity

in the corresponding American industry, that ié9 the higher

their ratio, the higher the Canadian share of the U.S. im-

port.market, It is interesting that this positive relation- .
ship exists although none of the Canadian maﬁﬁfacturing in-
dustries display a higher labour prodﬁctivity‘than'their U;SQ
Acountenpart. The wage rate variable appears'with the expedted
~negative regfession coeffidient; The lower the wage rate ih
the Canadian manﬁfacfuring industry compared to the.wage rate
_in the American one, the better the Canadian'exbort perfor-
mance, In contrast to the labour productivity variable which
waé_statisticélly insignificant, the wage rate is highly signi—
ficant; both variables behave as predicted by the Ricardian

 theory of comparative costs. i

The fariff variable indicates that Canadian exports

to the U.S. are more -important in industries wherethe U.S.
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jtariff is lower than the Canadian one. - This'phenomena‘may

be due in part, to the faot.that an importantvproportion of
Canadian exports to the U.S. is:concentrated in.resourced
oriented transformation lndustries and in productionlof inter-
mediary produots; it.ls'ohuiouSly.in the U.Si lntereSt tfo
.accept~these ekports'duty free or.uith.Very lou~tariff ,»lt-
'1s more dlfflcult however to justify the hlgher level of Cae
nadlan tariffs in the same: 1ndustr1es, Canada is supposed to{
‘enjoy an absolute advantage 1n the resource or1ented 1ndus—
trles, their hlgher protectlon seems therefore unnecessary..'
This dlscusslon~1s, however, rather futlle because‘the_level1
of aggregation is too highffor a meaningfullanalysis_of the

tariff.protection, ‘

To conclude thls brlef summary of. regresslon results,
the extent of U.S. control over Canadlan_manufacturlng 1ndus—
_trles appears positively related to the exportvperformanoe,_
although, its regression.coeffloient is not asfsignificant as

the other ones.

The explanatory variables explain 92% of the total

variance,of the Canadian share.of the U.S. manufacturlng imports.




The same explanatory variables did not do as well
when the regression was run for all observations of the total
sémﬁle, although all regression coefficients appeared with.
the expected signs and; except for the productivity and tariff
variables, tﬁey were significant. When this regression is‘
compéred with the regressions'fof the individual countries,
it appears that thé latter, in most cases do not show the
expected relationship between the share of u.s. imports, the
relative R € D intensity and the other e%planatofy véfiables;
In view of this finding, it-is necessary to interpret the
relatively acceptable results of the. regression for the total
sample as being strqngly iﬁfluenced by the observations fbr

Canadian industries,‘which dominate the U.S. import market.

In order to explain the U.S. import shares of other
countries better, the R &€ D effort was measured'in terms of
the share a given national industry has in the tqtal of R &€ D
expenditurés of the same-industry across = the sample of nine éountries,
. sw - : : ‘
(RDA/§£;%%::RDA)I . This specification improved regression.
results somewhat for all other countries, except for Canada

(see Table 9).

.
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Comparlson of the two sets of regresslons, which
except for the R € D have 1dent1cal explanatory varlables,
shows'that on the average, the R &€D expendltures by an
1ndustry expressed as a share: of the total expendltures for
R & D in the glven 1ndustry acmms. the sample 1s a betterp
. measure of -the c0mparatiVe advantage 1n-technology than the

ratio of relatlve 1ntens1t1es, Whlch was used 1n the flrst

set of regresslons. Thus 1t appears that 1t 1s the absolute
level of an 1ndustry s R 8 D effort Whlch when compared Wlth.
the. total R E€ D effort in the same’ 1ndustry accross the’ sample, S i
measures its 1nternat10nal technologlcal competltlveness,
rather than the various relatlve measures, Wthh related the . , o
"R &€ D to some other national characterlstlc such as_employment,
sales or total R 8 D. Thls flndlng is supported by poor re-
sults of regre5510ns (not reported here) u51ng the_ratlo of
R € D/EMployment or R & D/sales as alternatlve neasures of tech-

nology.

The . fact that for’ Canada, however, the ratio of relative
1ntens1t1es of R €D performed better than the present measure,
may be explalned by the close speclal;zatlon and similarity

o C. » CoL . . . 18
existing between American and Canadian manufacturing industries

18. At this point, it is not necessary to go into the causes
underlying the specialization and similaritys; to a great
extent, they may be considered the result of American con-
trol of Canadian manufacturing sector as a whole. ‘
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Canadian manufacturlng 1ndustr1es which rely heavily

on'Canadlan'natural resources exhlblt a high absolute level
of R & D expenditures When compared with the same 1ndustr1es
across. the sample. At the same time, tne relative impottance
of those industries within Canadian manufacturing sector is .
_greater than in other countrles, 1nclud1ng the U, S°9 Whlch are
less endowed with, natural ressources., The high ratlo of
relative 1nten81t1es of R & D, therefore, is a better expres-
sion of the specialization in R &€ D of Canadian resource onien—
ted industriee and consequently their share of the U.S. import
market. The same is true when the R & D is related to the
industry performance, say to its employment in Canada and in

the U.S. The divisionvof labour between.the two countries is
refiected not'only in the strong dependance of ‘the U'S on im-
ports from Canada, but also in the hlgh specialization of Cana-
dian resource orlented industries in research and development9 where
the R & D per sale or per employee is mostly higher in Canada
than in the corresponding U.S. induetry. Briefly, the Canadian
‘manufacturlng industries exportlng a large proportlon of thelr_
output to the U.S. behave as far as their R & D per sales or per
employeelis concerned, as if they were American exporting in—
,duetriee. Their relative research intensity is higher than that

of their competitors abroad.




To “the extent that a portlon of Canadlan resource
brlented 1ndustr1es are’ under the dlrect control of thelr:'
U.S.~parent companles, it 1s.easlly understood~as‘one of

the aspects of the Americanization. of . the Canadian_eeonbmy.

In"erder to'offer a-betfer 1n81ght 1nto the bllateral
trade between Canada and the U S., the determlnants of their
Pelatlve exportwlmport performance,are analyzed in. the next

Sectlon. '

Bilateral trade between Canada and the U.S.

. Analysis'of,exnenta?tdffheiU;S.dedggeete'thaf the
Canadianﬁahanefdfathe U.S.Yimpdnf.manketfis;dfo,a great extenf,
eXpiained by the ratid of pefformanceeof the‘Canadian'eXpdrﬁing
indQStny relatine td the‘pe;formance-ef_tne iﬁponfncompeting
industry in fhedU;S; The‘exPonfe~Of'fhe:U.Sg'manﬁfacfnring
industries are a function of fheir.teennblegical and overall
economic performance, as it;has been fdundnin tneffirst paft
of this chapter. When the two results are comblned 1t is poe—

1

sible to. formulate the follow1ng hypothe81s.’a




The pattern of bilatefal trade between Cénada and the U.S.,
measured by the ratio of U,S. imports from Canada to U.S.
exports to Canada in the given manufacturing industry, is a
function of the relative technological and economic perfor-
mances of the given industry in fhe)two countries, The re-
" lative technological and.ecénomic performance is measured
agaiﬁ as the ratiO'of the given pérformance indicator in

Canada to the corresponding indicator in the U.S.

The specification of the regression equation andthe
results férrthibteen.manufacturing industries are presented
in Tables 10 and 11. The only difference between the two

specifications is in the definition of the R & D variable,

First, in Table 10, it is the ratio of the R & D
expenditures per sales in the Canédian'ihdustry to the R & D
expenditures per sales in the same U.S., industry. The other
variables are analogically. constructed ratios of labour pro—
duct1v1ty; wage rates and tarlff i.e. they are the same as
in the previous two regressions. The éstimated regression
COefficienfs'have the expected signs. The higher the relative
~intensity of R & D and of the labour productivity in the Cana-
diaﬁ, compared to the'American industry, the higher the ratio
of the U;S. imports from Canada to the U.S. exports to Canada.

The ratio of wages is related inversely,the lower wages in the
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Notes:
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%
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Regressions relating the bilaterai trade between Canadian and American manﬁfacturingAiniustfies to explanatory variables.
. : ) O ak : ) ) _ : ’ .
/EXUS,CA)I = ag + a’(RDSACA/RDSAUS)I + az(TARIFCA/TARIFUS)I + a,(WACA/WAUS)I + af(VAEHCA/VAEMUS}I + asCOFTROL
Regréésiqn coefficients of explanatory variables'and (t ‘'statistics)

w - -0,908 1.252
(=1,80) (2.10)

" 2,699 1,221 1,680 —

: (2,445 (2,24)% - (1.78) -

v e85 1,886 1,84 -11,314 .
(1.08) , (2,91)% (2,18) (~1,63) ‘ .

" 9381 2,070 1.872 . 216.045 3,259 © -0.338
(1.21) : (2,61)% (2.03) {=1.997 (1,08) “(=0.26)

% Significant at 0,05 level

“#%Symbol RDSACA stahds for (ﬁD/SA); analogically, VAEM-stands fop VA/EM«a

The 3rd industry, clothing and footware was not included in the régression;

13

13

13

13
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Table 1t

" Regressions relating. the bilateral trade between Canadian and American manufacturing industries to explanatory variables.

SW
RDCA/ E : RDA

. A A=CA . sk - 2
(EXpp ys/B¥ys,ca’t = 20 ot 2, + a, (VAEM  /VAEMj) 1+ ag(WAL /WAL, R
- sW ~
o RDUS//:Z: RD,
. A=CA I

regression coefficients of explanatory variables and (t statistics)

I o Z0.771 47.683 ' - ‘ 0.835
(-1.27) (7.45)% — BE— , %

II " ' : 20.309 62.036 ' 5.259 - -32.254 . 0.915
(2.57)% (8,72)% - (1.39) (-2.89)% .

III " : 13,910 32,758 3,331 ©-21.010 0.655
~ (2,58) (3.50) * : (1.15) . (=2,62) s

Notes: * Significant at 0.05 level

%#gymbol VAEM stdnds for VA/EM

13

13

11

The 3rd industry, clothing & fogtware was not included in the regression. Sample for Equation III excludes also paper

. 4

and transport equipment industries. :
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- Canadian compared to the Americaneindustry,Afhe_higher‘the !
ratio Qf;U.S;_imports to exports. The Canadian‘fariff preA
tection is posifively correlated3with'the Canadian-ekpert

performance.v The U.S. control over Canadlan 1ndustr1es ap-

‘pears to. have -a negllglble 1nfluence.

When the R 8 b varlable is exﬁressed as the ratlo
-of the Canadlan 1ndustry s share of the total R 8 D expendl-
ture by the same 1ndustry across Vthe sample~tp the:share :
held_by the.U,S.,;ndustry,'the resalfé}cehfirm.the"preViQasv
ones'but'ape Statistieally:mere signifieant'(see Table li).i: E ‘
'The total variance of fhe;bilaferal.trade patternlbetWeen:
~Canada and theiU.S.'is explained almoéf'exclusiQeiy by'the hh - |
‘_ratio of R &€ D shares. .When ﬁhe fatio of laboﬁfeproduetivify.
and the ratio of»wages are-added, fhe R2 = .915 and"all re~ -
gre881on coefficients have the correct 81gn, although the la-

bour product1v1ty is not 81gn1flcant._

When the tariff and U.S. control variableé were added-
to the explanatory variables; their contribution was negligible

and therefore, the results are not reported in'Tabie 11.

The bilateral commerce between Canada and the U;S. is,
to an impertanf‘degree, influeneedlnra few, extreme. cases. One
of them.is the exports of the Canadian paper ihdustry which

reflect above all the abundance of natural resources in Canada.
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The other is the export of Canadian transport equipment which is mainly the

result of the Autopact.In order to check the degree of dependence of our

results on the two éases, the regression wasrepeatedwith a restricted sample
of observations,excluding paper and tranSport equipment industries.The results
still point in the same way as before, although understandably they are a bit

less significant.




PART TWO

II'.I . _THE CHANGE"OF EXPOﬁTS 'FROM: 1963~71.




111 THE CHANGE OF EXPORTS FROM 1963 TO 1971

This chapter is concerned with changes in the volume of exports -

over a périod ofeight years, from 1963_to 1971. A change of exports may

be the result of the changes ih the demand of importing countries and/or

of the changes in'suppiy conditions of the exporters. The first setvofA
changes affecting the demand for exports of a particular national iﬁdus-‘
try, may be identified by means of the éonstant~market—shares (CMS) analysis
of export grthh.] This relatively simplé method is used to identify

the part of a country's total export: growth attributable to: (1) gquth

in over-all world demand; (2) changes in the growth of import demand in
individual markets, (3) changés in commodity composition of demand in

each market, and (4) changes in competitive capacity of the exporter.

When an exporting country maintains its supply conditions unchan-
gedvrelative to its competitors, it maintains its share in world markets.
However, when a country increases its share in world markets, it is a con-
sequence of the increased;competitiveness of its exports. For exampie;Aif
Canadian exporters specialized in rapidly growing commodities and exported
them to markets exhibiting a higher rate of growth than the world export

market as a whole, the demand for Canadian exports would increase more ra-

ﬁidly than the world demand on the average. Both the commodity composition N

effect and the market distribution effect are positive in this case, If ‘

the actual growth of the volume of Canadian exports in the observed period

1. See an excellent article on the theory and méthodology of application
of this analysis by Richardson (1971).

The detailed formulas for calculation of CMS are in Appendix D.
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exceeded the growth wh1ch could have been expected on the bas1s of the

growth in demand,then there must have been an 1mprovement 1n the com-

pet1t1ve capac1ty of Canadian exports, i.e. a pos1t1ve compet1t1ve ef—

fect.

The changes in compet1t1veness are a functlon of the changes in

export supply condltlons. They may be attrlbutable to a set’ of factors'

such as:.
| v~.1, changes
2.,vchahges
S 3. chahges

4. .changes

5. changes

6. changes

7.l chaﬁges

ofvproductivity‘grewth‘

in

in’

in
in
in

in

exchange'rates , i

expert sﬁhsidies~and‘taxatibﬁ\
nationalcprice.leyeis

quaiity, interﬁction(of hew prodﬁcts

{

marketing of exports

"swiftness eff meetingfexpCrt orders.

" Factors 1) to 4) determine changes in price competitiveness.

Fleming § Tsiang, Juné-G'Rhombefg,and Kreinin}zV to name only few, mea- -

" sured.changes in the pricelCQmpetitiveness and correlated them with the

changes in export shares. Although the estimated price elasticity of

exports with respect to changes in price competitiveness appeared with

the expected negative sign, the price ccmpetitiveness explained only

about one half of the total variance in observed gains or losses of ac-

tual exports, compared with constant market shares.>

When the impeitance'of non price competitionfin highly diffeien~

tiated technologically intensive industries is taken into account, the

2. Fleming § Tsiang (1958) , Junz § Rhomberg (1965) and Krelnln (1967)
3. . Junz § Rhomberg, ibid, p. 254



60

reiatively poor performance of the price competitiveness in explaining

the changes in export shares is not surprising. The éhanges in quali—

ty, in technological novelty’andAin parameters incorppratéd in new or -
differentiated products are not likely to be reflected in lower prices.
On the contfary, to the extent that these changes are successful, the
new products may be exported;in increased qﬁantities in spite of cons;'
tant or'even higher’priées,. improvements in marketing and in swift-
ness ofvmeeting export orders may have a similar impact on the increase
of export Voluﬁes as the quaiity changes. Exogeneous variables ex-
plaining changes in exporf shares, thérefore, shopld include measures
of quality and noveltf of‘exported pfoducts as well as measures of the

marketing and delivering capacity of exporfers.

The change of quality and novelty of products cannot be directly
measured when.aggregated iﬁdustryvdata are used. There is, however, a
strong presumbtion that thése changes will be more important and more
numerous in industries exhiﬁiting an intensive R § D activity. The
preceding chapters of this study illustrated the importance of R § Dxiﬁ-
puts in determining thé commodity composition of trade flows in manﬁfac—
turing. Research and development is éimed'at one or the combination of
the two fbllbwing objectives: (1) to introduce improved or new produc-
tioﬁ processes, (2) to create improved Or new produéts. The fulfillment -
of the‘first objective is likely fo be eventually reflected in lower - .
prices of existing products -and measured by the change of the index of
price competitiveness. When the R § D is aimed at creating an improved

'

or a new product, successful attainment of this objective is likely to
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: be reflected directly in the increased shares of exports. It is, there-
fore, ‘to be expected that the change of the market share of exports is
"not only a function of the" change 4in the pr1ce competitiveness but also |
a function of the change in the portion of R & D creating the 1mproved
'Adifferentiated-or new products. Theoretically, the change in the marke—‘

' t1ng and deliverlng capac1ty of exporters should also- be 1ncluded among
the explanatory variables, the unavailability of data, however, makes it

1mp0551b1e-t0’con51der these changes in this study.

Measurement of‘price"and R § D competitiveness .

Pr1ce competitiveness

The methodology for measurement of the competitive pr1ce effects

' 4
on exports was thoroughly discussed and tested by Junz & Rhomberg.

Their - approach as far as the prlce competitiveness is concerned was

adJusted to the framework of the present study. - Among the three alter;
native price Variables used by Junz & Rhomberg, only the wage costs per'
unit of output could be used 1n this study because it was the only variable'
for which data was broken down to the 1ndustry level were avail—.
ahle‘The nece551ty_to use the‘wagegcosts varigble in th1s~study is un-
fortunategbecause, according toiJunz & Rhomberg, the unit value of'manue
‘facturing exports is proven to;havefsuperior statistical properties.inA

explaining the change of export shares. At this point, however, it is felt

4, See: Junz & Rhomberg, op. cit. pp. 221-239

5. - In contrast to Junz § Rhomberg's study,this one focuses on the whole
manufacturing sector, broken down into 13 industries. The unit of ob-
servation beeing the individual industry. Their study used as the u-
nit of observation an aggregate of several manufacturing industries
(SITC sections 5(chemicals), 7(machinery and transport equipment), and
6 plus 8(basic manufactures and miscellaneous. goods). Neither the
unit values of exports nor the wholesale price index for the individu-
al manufacturing 1ndustr1es were. available for all countries of the
sample.
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that the di;édvantage of gsing the better price variable, i.e. the
necessity to abandon the induétry level of aggregation is potehfially
greater than the slight improvemént in statistical significande of the
estimatedvrelatiOﬁship which could be‘expected when the unit values are

used instead of wage costs.

* Index of price.competitiveness

To measure changes in the degree of price competitiVeness bet--
ween two periods, changes in a country's_prices must be brought into |
relation to the changes in prices of other exporting counfries° A
combosite index for each industry-I and exporting country-A is.cons-
tructed as follows:

(1 ‘First, for each industry-I of all exporting countries-A
of the sample and for eacﬁ of the seven markets-B in period t, the ra-
tio of the efficiency wage cost of industry—l in country-A to the a-
verage efficiency wage cost of all countriés (iﬁcluding country{A).is

‘weighted by their deflated exports to market-B, for each industry-I,

INWA, 4 oo A
I,A,B,T —'(WA/SALE)I’A,T.
SW : o .J SW
% [(WA/SALE * EX % EX
AEEA / | )1,A,T ‘1,a,8,7 / neeplsAsB,T

‘(I=1 «e.-13) and each market B, (B=CAnada, US, JApan, EEC, EFTAD rest of
of OECD Europ= world outside OECD) and period.T. There will be {I X B) -
values of INWA,

| (2) To aggregate the index over all export markets-j of the gi;

ven exporting industry-i of country A, it is necessary to find a sum
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weighted by the exports of the i-th industry to the j markets. This

-aggregate, deflned for each I-th 1ndustry of countxy A. for all mar-

kets, INC I AT corresponds to the "prlce relatlve" used by Junz §
. . ) 4 4 . N . .
"Rhombergv6 "
W-OECD - A f .
INC a7 ='»§=CA ) (INWAI A;B,T ° EXI A,B, T) /B op AW,T

where subscrlpts of varlables, I A B,T are def1ned as above; EI AW, T '

o

"f stands for the total exports of,the I-th.industry_inicountry A and .

" period T.

’r(3) The 1ndex of the change in prlce competltlveness between‘

'periodiT 1 and T 2 is then expressed as:

INO {0 = INC g 2 " INC 1 a,7-1

e I;A,T-%l :

The 1ndex INCO - will be used as one of the two explanatonv varl—
: ables in the regres51on equatlon exp1a1n1ng the change in the export

share.

R &'D‘oompetitiveness

To measure the change in the technological competitiveness, a

country's innovative effort has to be. related to the innovative effort

_ of its competltors Research and development produC1ng a flow of in-

novations has become -one of the regular elements of 1ndustr1a1 act1v1—

6.. Junz G'Rhomberg,xop; cit., p. 234.
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ty. In order to avoid the thorny problem of the relationship be--
tween the R & D input and.'its output in various forms of technolo-
gical change, it is assﬁmed that the efficiency of R § D is the
same between industries and between countries.7
In order to keep its share of fhe market, every national in-
dustry has to maintain a certain non zero routine level of R § D
activity. In terms of growth, this routine level may be tﬁoughtof as .
béing determined bf the global average rate of growth of R § D ac-
ﬁivity in the given indﬁstry. Under these circumstances, a national
industry which increases its R & D activity annually at the same rate
as its foreign competitors, is not likely to improve its competitive
position. In order to overtake its compefitwrs in the technological
race, the induétry has to exhibit a faster growth of R § D than thé
average growth rate fbr the given industry.
In terms of the constant market share (CMS) analysis used
for decomposing the elements of the Change in exports bétween two be—
”riodé, the situation described above is similar to the positive ”éom—
petitive effect", which is also determined by the difference in the
growth rates. If interest is focused on the national economy, it is
possible to add the competitive effects of all industries to find out
whether the economy experienced an overali gain or loss in R § D

growth, relative to its foreign competitors. A change in a nation's

“7. It is realized that this is far from realistic, Considering,
however, the impractical alternatives available, this assump-
tion, which also underlies the first part of this study and all
studies of similar nature by other authors, is again necessary. .




R 8VD effort between two periods, can be\decomposeduinto two -
didentifiable‘eiements. The first, discussed above,‘detehmined
by.forces.within natiohal industries, is the "oompetitive

- effect". The other;_theA"oomposition effect"siis‘the;result
of forces.that3detefmine'the.ihdustriai composifioh of the |
ecOnomy. An economy spe01allzed in rapldly grow1ng, techno—>
'1ogically 1ntens1ve 1ndustr1es, will necessarlly exhlblt a.
'ﬁofe important 1ncrease of 1ts»total R 8 D than an ‘economy
.spec1allzed 1n tradltlonal 1ndustr1es where R &' D grows at

fa slower rate.. The sum of the tWO effects is equal to the
difference betWeen the actual natlonal change 1n R €D and
the change that would have occured had the nation's R & D
grown at the average world rate.

Index of R & D competitithess' - S !

To measdre the_chanées in R & D competiﬁiveness betﬁeeh
two periods, the "competitiée effeot" is-ﬁsed. Ideally, only
the bortioh oth & D devoted-to~cohceivihg and developing new
products should be used for'constructlon of an index of R & D
competltlveness which is supposed to measure non-price effects
The use-of data on_development aot1v1ty comes closest to thls
ideal because on the average, development'activity is concérned
with new products. For the present study,uhOWever; the deve-

lopment data are not used because they are unavailable for some
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countries of the sample8° Instead the total intramural

R &D éxpenses are used.

The index of R & D competitiveness is calculated
for the I-th industry, in exporting country-A, according

to the following formula:

RD
Dr oa,r=1 ° ﬁB;”E=2 '
A, =1 T,T=1

RDCC 1 a = RDp » ny R

where RD is the total intramural R & D expenditure. RD;
. : b

is the total intramural R & D expenditure for industry I,
accross all countries of the'Samble A, in pefiod T,

RD = & RD (A = CA, ... SW)

oA I,A,T > |

8. The German data is not broken down to three usual
types of R &€ D but only to basic research on the one
hand and to the sum of applied research and develop-
‘ment on the other hand. '
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The constant market share»analysis'of the change of Canadian

manufacturing exports from 1963 to 1971

The data used are the volumes of exports of thirteen

'Canadian manufacturing-industriesg-to'seven geographical areaslO

In order to ellmlnate the poss1ble blas due to -an arbltrary
ch01ce of the base perlod and of the end perlod the average
'.ofvexport‘volumes,for.1963 and 1967 (1 e. (x63 ¥ x67Y2) was.
3taken as the base observatlon and the average for 19869 and 1971
as the end perlod observatlon.p The changes calculated from .
those data, therefore, extend over- the perlod and are less

b;ased than if only the~1963 and 1971 obServatlons were usedr

A.crucial element for a correctvapplication.oflthe CMS
analysis is thelchoice of the ﬁstandard of reference" l e.
the group of countrles W1th Whlch the performance of Canada s
manufacturlng .exports are to be compared The group of the
nlne industrialized countrles fOrmlng the sample-whlch was used
in: the first part of thls study was choosen as the:"world"'
standard because it represents a major part (906) of the com—‘

petltlon aga1nst Canadlan manufacturlng’exports.

9. The volumes were calculated by deflatlng the respective
: annual values of exports by the unit values of exports°

10, - The market areas are. Canada, U S., Japan, EEC, EFTA,
- rest of OECD Europe, World outside OECD. :
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Brief summary of the results

Firet, the sum of effects for a11.Caneaian manu-
facturing.industries‘of the sample are shown in the line
"Total"™ in Table l. The observed difference between the
yalue of exports at the beglnnlng and the end of the pe-
riod was (in million US $) 3 667,400, The changes in

exports were identified as follows:

1. Change due to increase of the "world" trade 3 081,640,

2, Change due to commodity comp081tlon of - 207,880,
Canadian exports ‘ .

3. Change due to market distribution of 828,410,
Canadian exports

4, Change due to the decrease of competi- - 34,770,
tiveness of Canadian exports

Total .change’ ' 3 667,400,

In general, Canada's exports have mainly benefited

from the overall increase of the Myopldn trade. The market

distribution, stropngly influenced by the important and

11, To the extent that the exports of the group of nine indus-
: trialized countries grew more rapidly thant the world's
exports, the calculated effect due to the increase of the
"world" exports presented above is overestimated. However,
if Canada's performance is to be compared with that of the
other industrialized countries, the calculated "world"
-effect is the relevant one.
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rapidly growihg US market is the secohd positive efféct in
the change_of Canadian exporfs. The_industrial compositioh
affected the change of exports négatively, i.e. the Canadian
exports werQ; relatively speaking, more concentrated in the
slow growth.sectors; The increase in the demand for Canadian
exports (sum of changes (1), (2), (3)) amounted to 3 702.17

million Us §,

There was, however, a slight loss due to the de-
crease in the compétitive capacity of Canédian'manufaéturing-

T exXports.

The export changes in Table 1 are glven in million -
uUs: $ by industry; 1n Table 2, the same changes are expressed 
.as the_percentage of the base period exporis;z.. Althdugh
'bqfhitables are informative, the interpretation bfithe per-
ceﬁtage_changes is easier for inter—industrial'compariSOn.

The compétitiveneés ihcreased in seven out of thirteen in-
dUSfries; The most impressi?e increase was.recppdéd by'the:
stone clay and glaés induSth.(67%)5 follerd by.the'tranéport
_ indusfry (58%), clothing (51%), textile (349) etc., On fhe
other hand, the petroleum products 1ndustry exhibited a marked
‘decllne (-54%), followed by the ferrous and non—ferrous metals

(-32%), chemical industry (-26%) and products of ded (f22%);

12. The base period exports ‘are calculated as the average of
" the deflated exports for 1963 and 1967, i.e., (Exp. 63 +
Exp. 67)/2." : '




Table 1

Changes of mahufécturing exports from 1963 to 1971. (million US $)

Country: - o () (2) (3) (%)

CANADA no. Industry: - 'A‘world trade A commodity comp. A market distrib. . A competitiveness

1l TFood & beverage 277.219 -48.865 -36,493
2 Textiles 25.381 -6.948 -0.567 139539
3 Clothing & footware 23,672 4.940 -5,217 18,844
ﬁ' Wood & furniture 62.970 15.974 -23.023 -21,698
§ Paper products 803.851 -322.488 -224,701 54.260
6 Petroleum products 7.540 —Q.Sll. . 29,112 -6,341
7 Chemicals 2i9.u60 -23.215 21.064 -91.157
8 Non-metalic miner#ls 11.72 1.421 -1.007 12.362
9 Primary metals | sei.esu -74,709 -37.846 -327.349
10 Fabricated metél pr. 36.549 -4 ,851 7.773 19,195
11 Machinery non—eleﬁ. 340,518 -28.656 193.827 . -48,003
12 Electrical'mach. 124,242 20.181 90.579 ~-64,.848
13 Transport equipment 486,843 263,745 846.975 442,917
CANADA Total 3 081.640 -297.880 828,410 -34,770
U.s. " "9 796,370 . -6.970 -1 319.190 -3 093,550
JAPAN " 4 259.690 156,730 —65H.83d 4 768,110
BRLGIUM " 2 988,370 -123,870 455,220 573.250
GERMANY " 9 455,310 326,780 815.000 —575.800
FRANCE " 4 606.130 _-105.du0 116.310 32.910
TTALY " 3 558,130 . -47,960 201.080 802.460
3.3, " 6 317.700 89.500 -1 517.220 -98&.610.
SWEDEN " 1 893.240 ~81.270 -26.690 -386.07

-68.564

0.




Tarle 2 :
Chari'g;_s of _manufécturing exports from 1963 to 1971 (in' percentages)
o RED ) SR & OO (s
CANADA ‘nos Industry’ | ) Wcml_d Trade ‘Industrial composition Market distribution Competitiveness Observed chang
1 Food & Beverage - . . ' 3.9 B S -15.8 -8.4 '
“2 - Textiles . 839 . -17.5 .  . oLl ‘, ' o34
'3 Clothing § footware = 63.9° B T 0 T S0 . - 50.8
v Hood & Furniture §3.9 . : 1.2 T s =320
‘s Paper products - 63.9 . - 225.6 , o -17.8 - - . 4.3
6 Fetroleum products . 63.'9 . o ~35.5 T 246.8 o ) -53.7
7 Chemicals 63.9- . =57 ‘ 6.1 . -26.5
8 Non metalic minerals 63.9 ' 7.7 : - _'-5.4 S e
o Primary metals 63.9 . -2 : -3.6 -31.6
. 10 . Fatricated metals N 63.9 .. Lo . -3.4 S e ) 33;5
11  ¥achinery non-elec. ~ - 63.9 : s . - 7 36.3 : -9.0
13 tiectrical mach. " 83.9 C 1.3 "7 6.6 ' f, -33.3
13 Transport equipment 63,9 - . . 34.6 N B B T o . 58.1
Civzsa’ o Total secteur manufac-  63.9 0 Cans o cowas 0 -a7% . T6.0
B . turier . - : . .

s ' Total  ® iw " 63.9 A T . . ‘-a;é -20.2 : . 35.1
TATAX . Tetal v .o 63.9 . - C2.3 - © L -es . 7.6 - 122.0
©SELEIUM CTotal ™ " 63.9 e N IV SN oo12.3. - .83.3 °

sRMANY  Toral W w639 ' 2.2 o E Cs.5 .. =39 877

Total " - " . g3.0 S P S R 8 . B4.6

Total  ® " .. 83.9, -0.9 . 3.6 IR TR . B1.0

2.5, . Total e 63.9 - L. -1k -9.9 29,5 .

Total =~ ™ T =27 o ~0.9 : -13.0 47.3

1L
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For the sake of comparison, the calculated changesZ
for all countries of the sample are also given in Table 1
and Table 2.' Without going into the industry details, the
results show fhat the manufacturing'sector of the following
counfriesiexpepienced an increaée of their éhare of world
exporté due to increased competitiveness: Japan, Belgium,A
France and Italy. On the other hand, the US, Germany and
© Great Britain'aldng'With Canada experienced a decrease.in'

the competitiveness of their exportsl3.

Accordiﬁg to fhe theory stated in the first parf
of this chapter, it is expected that the change in competi-
tiveness can be explained by the change of one or both of
- its explénatory variables, i.e. by the change of the price
competitiveness and/or by the change of the R &€ D.. The R & D changes
are analyzed in the next section, followed by the analysis

of the observed changes in the price competitiveness.

13. The unfavorable situation of the countries which
‘experienced a decrease in their competitiveness is
not the result of the particular choice of reference
periods. Even when the changes were calculated di-
rectly from 1963 to 1971, the signs of their compe-
titive effect remained negative although their magni- -
tude of course changed (increased).
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Change in R & D. act1v1ty of - Canadlan manufacturlng 1ndustr1eS'
from 1963 to 1969 '

Tne level of R &D activity is measured by‘the
expenditures fo:.intnamural R.8 D in each of‘tne‘thibteen
manufacturingdindustries. The obsefvatioanor the base
périod is the amount -of R & D expenditure fof 1963.

- The Observafion for the final pefiod is-the average‘
of expenditures for 1967 and'1969,.all expressed in‘consfi

tant 1963 dollars.

The perlod covered by the R & D data preceeds the
one . for Whlch the export changes were calculated by two
years for the follow1ng reasons. Flrst, a tlme lag 1s ne;
cessary before the changes 1n products and processes result--
‘1ng from the R & D acthlty find their way to the forelgn.
-market. The length of~the_lag_between the R § D and the
exports should probably.beflonger.than two yearsl%. Unfof_
tunately, the flrst avallable 1nternatlonally comparable data'
for R & D are. for~1963 followed by the data for 1967 and
1969. On the other hand, the export data for periods after
' 1971 were ]udged unsultable because of the upheaval caused

in 1nternatlonal trade by the devaluatlon of the US $ and the

resulting crisis., Therefore it was 1mposs1ble to speclfy

a lag longer than two years.,

14. For an exhaustive fheoretlcal discussion . of. fhe lags in
the context of the relatlonshlp between R 8 D and exports,
_See Posner (1961).
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The'"standardvof refenenée" is again the performance-
of the set of nine industrialized countries as it was in the
cése oflthe.CMS analysis-of the export growfh, The growth
"of the R & D expenses in each Canadian manufacturing indus-
try is;comparéd with‘the average growth Qf_thé RED expen— 
ditures in ali manufacturing industpies of the samﬁle of nine
countries and with the growth of the R &€ D expenditureé in

the given industry across the sample. .

. : = : 15
Brief summary of results presented in Table 37 .

The R & D expenditures of all thirteen Canadian manu-
facturing industries increased by 81.50 million US dollars
ovef'the observed peﬁiod. Two-thirds.of this increase
(22;88 million US $)'reflecfs the globai increase in R &€ D
in'the:nine~industrialized,countfies, i.e. the effeéf of fhe’,
"world" growth of R &€ D. A negligible fraction (-~0.32 million
US 8) was lost due to unfavofable industrial qompositioﬁ and |
more than a: half of the total increase ( 9.38 ﬁillion Uus $)
repfesents the increase of Canadian R & D over and above whét
 Qoﬁld havevbéen exﬁected, had the increase in Canadian R & D
- .expenditures beén proportional to. the average rate of growth

experienced by the sample of the nine couhtries. The latter

- 15, Table 3 presents the CMS results in absolute values (in

- million US $), in parenthesis the same results as percen-
tage changes with respect to the base period observations.
Both tables give the results for 13 manufacturing industries
of all nine countries of the sample, however, only Canadian
results are analyzed and interpreted in the text.




Table 3

CANADA

CANADA

Nno.

W

N o o F

10
11

12

13

Industry

Food & Beverage
Textiles

Clothing § footware
Wood & Furniture
Paper prodﬁcts'
Petrnleum prodﬁcts
Chemicals

Non metalic minerals
Primary metals’

Fabricated metals

Machinery non-elec.

Electrical mach.

-Transport equipment

- Total manufact.’ sector

Changes in R € D exéendifures from 1963 to

L

" AObserved

0.86
0.73
0,02
0.17
1.08

' 3.44
1.72
0.24
3.1
' -0.36
3.98°
14.12 .
2.08

31.50¢

(14.9)
(50.0)
(29.0)
(24.0)
¢ 7.0)
(27.0)
( 6.0).
(11.0)
(22,0)
(10.0)
(28.0)

(26.0) -

(100.0

(20.0)

(2)

A "world" growth’

0.81 (14.1)

0,34
0.00

"

n

(3)

A Indpstrialucomposition aCompetitiveness

.=0.15

-0.24-

-0.02
0.08
~0.0Y
-0.09
-1457
. -0.12

-1.18.

-0.60

0.11
3.51°

-0.08

‘=0.32

1969 in-million US $,( % ).

(~2.8)
(10.0)
(=35.8)
(11.9)°
(-o.éj
(=0.6)
(=4.6)
(=5.7)
(-7.5)
(+15.6)

007y

(-6.4)
(.4.2)

(=0.2)

)
9.22 ¢ 3.8
" 0.64 (26.3)

0.04 (53.7)

-0.01 (-2.0)

| =0.90 (~5.7)

1.71 (13.0)
-1.23 (-3.9)
0.06 { 2.6)

" 2,44 (15.6)
029 -1.6) -

1.§é’fi3;6;‘“"‘
2,99 ( 5.5

188 (89.9)

‘ _5338 (5.8)

- —

Changes in price competitiveness

from 1963 to 1969 in T

4 Prices (unit labour costs)

-3.78
-4.50

-2.92

-0.21 .

0.28

5.7

4.85

~4,91

6.70

4,36

-1.95
6,06

3.67 .

1.16

(5)

'SL



- change, therefore, reflects the increase of the technological

competitiveness of the Canadian manufacturing industries.

The R & D expenses of the thirteen manufacturing

industries in all nine countries increased over the observed -

period By 14%, - Thevfastest_growing R & D expenses in rela-
tive terms was exhibited by the wood products industry (25%),
followed by the electrical products industry (20%). The latter
doﬁinated the growth in absolute terms, accounting for half
of the total iﬁcrease of R &€ D expenditures iﬁ all manufachm—
ing industries included in the sample. The third highest =
rate of increase was recorded by the'noﬁ electrical machinery
industry, (15%). At the éther end of the scale was the clo-
thing. and footware indusfry with a shar? decline in R &€ D ex-
penses (—3i%). A slight decline:(~16%) was also experienced
by the fabricated metals industry. The R & D expenses in the

remaining industries increased by ‘a rate slower than 14%.

When compared with their competitors, the individual
Canadian manufacturing industries exhibited a higher increase
of R &€ D expenditures in nine out of thirteen industries, as

can be seen from column (4), table 3.
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The'greatest increase'was exhibitednby the transport equip-
ment industry (89.9% ), a‘spectacular.growth most likely
attributable to the effects of . the autopact ~ As the average'
rate of growth of the transport equlpment 1ndustry .across

- the sample of the nine countrles was slower by I, 2° (see_
column (W) "composltlon effect") than the global avergge of

14%

s the total competltlve 1ncrease of the RE&D expendl-

tures in percentage was equal to 89 90 (= 85¢7%; f‘("Q.Zﬁ)),Q
'~i.e. the . "competltlve effect"- found 1n column (W) Thea
second hlghest competltlve effect was. achleved by the clothlng

and footware 1ndustry (5”9), followed by the textlle 1ndustry

S (26%) . The prlmary metals, non electrlcal machlnery and

petroleum products also came out W1th 1mportant competltlve.
increases in thelr RE&D expendltures :fl 139 :oand_l3§ res-
'pectlvely.' Flnally, it is necessary to mention the electrical
products 1ndustry Wthh 1ncreased its R €D expendlture by 5 5/:
over the average increase of thlS 1ndustry across the sample.
Equally important is that in absolute terms, the competltlve

- increase of .5 5% achleved by the electrlcal products 1ndustry
.represents a full third (2.99 million US ) of the total com-

petitive effect,recorded by all Canadian manufacturing industries.

16. These impressive increases may in fact reflect a data

' problem rather than the reality. The R & D data for the
U.S. clothing and footware 1ndustry were aggregated with
those for the textile industry and were extremely low, -
Their estimated break down may be biased and therefore.
the calculated effects may suffer from this bias. In order
to eliminate this problem, the observation for the 3rd and

. 14th industries will be temporarily left out from regression.:
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Befofe it is possible‘to conclude'that the‘generally‘
faster gréwth of the R & D expenditures in Canadian manufac-
turing industries really'reflects an improvement in their
competltlve 81tuatlon, it is necessary to exclude the possi-
blllty that the observed faster growth is merely due to low
,levelsAand slow growth in the precedlng perlods; The fpllow—'

ing observations indicate that .this is not the case.

First,‘the availabie data on R &€ D before 1963, show

that the rate of growthtof'R & b expenditures was at least:

as fést as the one Peébrded in the laté sixtiésl7. Secondly,
as far as the level of R § D activity is concerned, a brief
comparison of the ratio’of‘qualified scientists and engineers
(QSE) to the total ﬁahpower by indusfry, see Table 5, indicates
thaf in the so called high techﬁology industries, Canadian ma n-
ufactufiﬁg_industries did not employ substantially less QSE
per 1 000 employees thaﬁ their foreign competitbrs on the.av4.

ebagél8; There was hbwever, a marked gap between the level

17, TFor example, the R &€ D expenditures of the electrical
equipment ‘industry between 1959 and the end period cal-
culated ds the average of observations for 1961 and 1963,

- increased by 90%. Increase in the textile and clothing
:industry.was 23%, in primary metals 41%. It was not pos-
'sible to compare those increases with the increases abroad
because the internationally comparable data are not avall—
able for the period before 1963.

18, A notable exception is the transpobt'equipment industry
(which. in this study excludes aircraft construction). The
Canadian R & D level is substantially lower even in 1967 .

after a phenomenal rate of growth of 26%/year in the preceeding

period.



- TABLE. 4 .
The number'of-QualifiedﬁSQientiStsﬂand Enginéers péf 1.000 employeesfin-Several.manufactufing
industries in 1967. ’ ' ' T '
CANADA US  JAPAN BELGIUM GERMANY FRANCE ITALY G.B.  SWEDEN

Industry

Electrical 16 54 19 18 .17 . 13 - 11 g - 16
products ’ T o ' o o o . . :

Machinery 6 20 10 - 3 5 . 6 '4 ) b 5
non—electrical - ) . g : - L

‘Transport - 172 21 7. 1/2 5 .. 3 ":27-,_'2 o1
equipment - ' ‘ ’ ' L ' :

Chemistry 19 36 39 18 15 11 1w 1w 10
Paper products | T | /2 - 2/3 . 1/2 - 1 . 3 2/3

Primary metals W 1/2 4 1/2 8 3 4w 3 1/2. 2 -7

© 6L
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of the R & D manpower intensity in the Canadian and in the. .
US industries. The higher relative rates of growth of R &§ D
in Canadian industries, (see Table 3 column (2) and (4))

suggest that the US lead was being reduced in the sixties.

In the resource oriented industries such as paper

products or primary metals, the level of the Canadian R & D

was above average. Thus it is possible to conclude that the

faster growth'Of the Canadian R &€ D in the observed period
cannot be attributed to a spurious effect of exceptionally

low levels of R & D expenditures in the base period,
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Change in the prlce competltlveness of Canadlan manufactur;¥g

industries .

The change of the index of the prlce competltlvenessA
measures the change in the welghted labour costs over the
period 1963 1969 The base perlod observatlon 1s.
again the observatlon for‘1963 and “the end perlod
observatlon is the average of observatlons for 1967 and 1969
The change of .the 1ndex for a11 Canadlan manufacturlng in-
dustrles was calculated asva'welghted average of changes're—
corded by the prlce 1ndex of each 1ndustry, the welght being
the 1ndustry s share of total Canadlan manufacturlng exports.
The 1ndex_of pr;ce compet;t;veness,_that,ls the-level of unltf:
.labour costs in Canadian'mahufacturing‘industries, recorded a
'decrease of 1.16% ccmpared'ﬁc fhe>change in unit_lanouf costs

of their foreign competitors.

: Tabie.B, column 5,,giv§s the:changeslcf.fhe index of -
price competitivenees INCOfi’A% for eachiindustry;g.: The
_ greatest relative decrease, i.e. the greatest improvement, was
exhibited by the petroleun products industry (-5.7%), followed

by the non metalicvminerais'(—4.9%). At the other:extreme; an -

important deterioration of price competitiveness was observed

19, It is acknowledged that the unit labour costs are a rather
‘ poor measure of prlce competltlveness when industries with
different labour intensity are compared -Unfortunately,.
there were no better data for price competltlveness avall—
able at the industry level
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for the pnimary metals industry (+ 6.7%), electrical products

(+ 6.1%) and chemical industry (+ 4.8%)..

Relationship existing between the changes in exports, in

price competitiveness ard in R & D competitiveness

Before the results in Table 5 are examined, it may
be useful to remind the readér that an increase in the priée
competitiveness of an industry is measured by the decrease
of its pricé index, It 1is, therefore,-expected-fhat an in-
créase in its competitive change can.bé explained by a de-
drease'of its price index and/or by an increase of its R & D

competitiveness.

Two evaiuations of the observed situation are pre-
sented. In the first crude approximation, only the signs of_
changes are anélyzgd and the magnitude of changes is not taken
into account. After this "qualifative“ evaiuation9 the magni;

tude of changesQis analyZed by a regression of the export change

on the change of price and R &€ D competitiveness.

1) The observations of the explanatory variables
displaying the expected sign with respect to the'sign of the

- dependent variable are indicated by-an asterisk in Table 5.




Table.

No. -

01
02
03
oy
05 -
06
07
08
09
10
1
12
13

" - Note:

'5

Competitive changes in exports, prices and R .§ D in thirteen Canadian manufacturing industries.,

vy e (3)

‘ A. Exports - o  A,R €D .. A Prices

Industry . - - o LXCC (%) - . RDCC (%) INCO (%)
Food & Beverage | ' -8.416664 e o -3.778999

. Textiles : ' o 34.103271%% . o 26.3% - S -4.502999%
Clothing & footware | 50.896637%% §3.7% - - -2.917999%
Wood & Furniture -22.031433% ~z.b*. - :_ -p{zluobp
Paper products . 4.315733 4 - 5.7 . 9.279600
Petroleun products , . -53.76u618 o 'igpo ' ~ -5.737000°
Chemicals ~ =~ % - .- © -26.557083%% T _glgp 4.846999%
Non'metali¢_mingrals . | tA.457-400930*#' :_ S 2.8#-: . _. . =4.907999% . I

’ Primary metals - - —31;631790* R 15;6 s ' a 5.598996*
Fabricated metals 33.57881z © - | -7.6 t; . - 4.360000

‘Machinery non-elec. =~ —.9.015296_ . 130 . =1.958000
Electrical ﬁach;_ ' C . -33.371231% . '5,5 LT sloslsgs*
Transport equipment -- 58.166336% B 39.9#77 3.686999

The observations of the explanatory variables (column (2) andlﬁa)) dispiaying‘the’éxpected sign
with fespect to the sign of the dependent variable (columnz(iﬁf are indicated by an asterisk.

When signs of ‘both explanatory variables correspond td.the;sign of the dependent variable, the

.latter is indicated by two ééterisks,
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When signs of both explanatory variables correspond to the
sign of the dependent variable, the dependent variable is:
indicated by two asterisks. When only one of the explanaf:
tory vériables appears with the expected sign, the depen- -
dent variable has only éne_asterisk. Eight out of thirteen
industries displayed at least one sign inforder with the
theoretical expectation. Six among them had the expected
relationship between the change éf tﬁe price index and the,
change of exports;.they were the textile, clothing, chemi- .
cal, non-metalic mineral products, primary metals and elec{;
trical product industries. The change of the R & D compe-
titiveness was pésitiVe for the majority of industries and
itsvsign is therefore less impprtant than the sign of the
price index which was oscillating in both'posifiQe and nega-~
tive directions afound zéro. Neverthéléss, the expécfed sigﬁ

for the change of R &€ D competitiveness appeared in the fol-

lowing five industries: textile, clothing and footware, wood and
" furniture, . non-metalic mineral, chemical;and transport equip-
ment, -

Some industries experienced an important increase of
their price index and at the same timé‘an increése of their-
R & D competitiveness and a loss of their export share,

(for example the electrical broduct-industry and primary
_metals industry). The positive effect of the change of the

R & D competitiveness on export share, i.e. the R & D elasticity
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of e%ports, isvlikely'to be lower than the price:elastiéity
of exports.in the case of these iﬁdﬁstries.. Anofher inter;
pret;tioﬁ'of:Caseé appeafing with oﬁly»one of the expected
signs caﬁ bé fhaf the iag bethen fhe_R'S D éhd exbOrtsshaPe
changes Wés iﬁ reality differént, likélyblonger, thaﬁ'the‘
two yeérS‘ﬁséé‘iﬁ the pre;ént étudy. In fhié~case, the fef'
sults of .tHe R & D wduid_not yet have achieved the éxpécted.

effects on the fdreign'éXPort markets..
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Multiple regression analysis

In order to evaluate quantitatively the relationship .
existing between the change of the market share of_exports_
and ehanges_of price and R &€ D competitiveness, the three
variables are related'by the folloﬁing multiple'regression

model.

EXCC = ag + a; INCO I,A

T,A RDCC LA + dX 4+ u

T,A T @2 T
First, the subscript I, (I = 1;....13) stands for manufac-
turing industry and the country of origin A is Canada.

Next, the equation is estimated with observations for the

whole manufacturing sector of each of the nine countries

(A = CA,....SW).

As all three variables. are in percentage form, the
regression coefficients a; and a, estimate the partial elase
ticity of exports to price change and to R & D change respee—
tively. In order to account for the interindustry differences
with respectto R &€ D, a aummy variable X assumes value X =1
for observations on technologically advanced industries, (i.e.
the following: the petroleum products, chemical, nonmeleetrical

machinery, electrical products and transport equipment industries).
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. Table 4 - ‘The. competitive change in exports (1965 1970) as a function of changes in price and R & D- competi~

tiveness (1963-1968).

ECC,, - bo

I Canadian o 6.230
manufacturing - (0.51)
industries ‘ :

II  Subsample of - -39.207

© "high technology" - (-3.35)%* -

Candn.manf. ind. :

ITT Subsample of - © 7 10,134
"low technology" " (0.72)
Cndn .manuf, ind. :

IV  Subsample of -37.862

"high technology" =~ (-1.19)
without trans- .

port eq. indus-

try

" -0.3880

2,133

(1.01)

-4,107
(-1.28)

1.928
(0.38)

b 'INCOai

§2fRDCCai' ',' dX-'

~ 0.852 -37, 96%
(2.42)%% L. 92)

C0.993 . . -
(3.54)% |

Co0.307 -
(0.46) '

0.817 o
(0.23)

R2

0.48%

(. 87)

0,879
(7.26)*

0.323
(1.2)

0.136
- (0.8)

13

-Pooled-cross—sectionVobéérvationsffor two periods. of thrée yearé;

Changes in exports (1965 -68), (1968-71), changes in prlce and R & D competltlveness (1963—66), (1966 69)

ECC - b

ail C ot65
Subsample of , : ;26.557,g'
"high technology" (-0.83)
Subsample of ) 3.403
"low technology" (0.30)

Note: Coefficients significant at the
indicated by two asterisks.

b, t68:

1,906
(0.08)

13.38
(1.46)

107 level indicated by one asterisk;

b, INCO . R ) RDCC, ;'

1 ai , 2

3,574 - 0.595
(0.47) - (0.87)
-0.968 . -0,038

(=0.67) . (0.16)

2

. RT S
0.141 10

0.132 . 16

significant at 5% level

L8
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Expoft changes in thirteen Canadian manufacturing

industries,

The results are pfesented'in Table 6,Ab0ut.fifty.
percent of the variaﬂce of the export change is explainedlv.
by thé changes in R & Dvandvpriqeé.-The/value of ﬁﬁe re-
gression coefficients indi;ates thag the share of Canadian
manufacturing eprrts increased by‘0£5 percent when thei?;
R & D competitiveness increased by one percent, when prices

are assumed constant; a one point (1%) decrease in the

price index leads to an increasé of the export share by

0.9 percent, Although both bdefficients appeared with the = .

expected signs, the price coefficient was not gtatistically

significant.

The relatively weak statistical significance of
the price vériablé may be due to séveral causes, First, as
it was already mentioned'earlier, previous studies which used
.altefnative_meaSures of export prices showed that the change
iﬁ the unit labour éost was a poor proxy for the chéﬁges of

price competitiveness., In comparison with the results ob-
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tained by Junz & Rhomberg21;;thefunit-lahour cost performed
better in the present study than it could have been expected
The second reason for a relatively low statistical signifg
ficance of the price yariahle and the modest Rz-is probably-
the short adestment lag between the changes in the R & D,
_in price competitiveness, and:the resulting change inpthe‘
share of exports. The two-year adjustment-lag'used infthe
present study corresponds to the. adJustment period for ﬁshort

" price effects used by Junz & Rhomberg. A ‘longer, fbur>

‘run
year adjustment period used alternatively by Junz & Rhomberg
improved the_estimates of price elasticitieS'in the1r study
and it can be expected that, had a longer adjustment lag
been dpracticable;in the present study, the. results would
vhave~heen improvedr‘ Finally, the price and R & D elasti~
cities of:different industries are invreality very variable.

| Imposing_the same regression.coefficient'to a small
Vnumher of widely different industries’nust necessaritly.result

in a high variance.'

2t Cf. Junz & Rhomberg, op. _cit. p. 251, The reader is reminded

_that the unit labour costs were the only price measure
available for each manufacturing. industry individually. As
for the comparison with results obtained by Junz & Rhomberg,
in their study, the R2 never exceeded 0,18 when unit labour
costs were used, It is therefore possible to expect that
‘the overall statistical performance of our Tef ression would
‘improve if more suitable price data were used. Aside from
this problem, our price variable cannot reflect changes.in

" tariff protection resulting from Kennedy Round negotiations,
whica certainly influenced commercial flows., Similarly, the

influence of non- tariff barriers cannot be accounted for,
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Significance of the dummy variable shows that

there is a substantial diiference in the value of intercept

for the "high" and "low" technology industries, When the

regressidns for the two groups of industries are estimated

separatly, (eq. IT and III respectively), the regression

coefficient of the R & D variable for the "high" techﬁology

industriesz? is substantially higher and more significant

(although only at- the 10%Z level) than the'coefficienu for

the "low" technology'industriés. The value of the intercept

remains, however, much lower for the former group. Given

the low number of observations we can conclude only very

tentatively that owing to the low value of the intercept

(-~39.2) and to the price increases, the increment of R & D

competitiveness which would have improved the share of

Canadian "high" teéhnology exports in the observed period

was on average about fifty percent, Among the five "high"

technology industries, only the transport equipment recorded

an iﬁcreése of its R & D competitiveness in excess of fifty

percenf (90%) and it was the only industry which increased

its export share.

An attempt to increase the number of observations

22

The results of the subsample of "high technology" industries
were however dominated by the spectacular changes which
occured in the transport equipment industry, namely in
auto-industry owing to implementation of the auto~pact,

When the observation for the transport industry (1l3th)was
deleted, the R2 and statistical significance of estimated
coefficients decreased sharply, although their estimated -
values changed only slightly (cf. ev. (IV), Table 5)..

“t

13
it
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A‘for theptﬁo suhsanples of industries by pooliné two sets
of cross;section‘observations~of changes over:shorter peried'
‘of three years.led‘to estinates V-VI reported‘in.Table 6°
Comparison of these very short term elasticities with thel

ones presented abovel(I-III), shows that although the signs_

and'values‘of the coefficients were similar as before, standard

errors of these very short term elasticities increased There,

was also recorded an important upward shift of the inter-
1'cept from one period to-another. The three years period is
probably too short to reveal cons1stantly the relationship
existing between the change of prices and R. & D expenditures
on the one hand.and the~subsequent changes in the volume
Avof eXports on the other . Ow1ng to the lack of data for more recent
‘years it has been 1mposs1ble so far to pool ‘cross-section observatlons
'.of changes.over avlenger per1od, wh1ch.cou1d 1ead to stat1st1ca11y-more.
..significant estimates;
| | Thus'it:is‘possible to conclude that the conpetitive :
.change of Canadlan manufacturlng exportsils not only a function of changes-
in price competltlveness (unlt labour costs) but also a functlon-of tech~
;nological competitiveness.ngh technology.1ndustr1es appear to compete in
“the international market through technological improvements,but the in-
crease of their R&§D effort‘in the analyzed periodﬂseemed-to_be insuffi-

cient to improve their share of the export market . Therefore,although
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one of the causes of thelr poor export performance was deter-
ioration of theif prige competitivenesé, ﬁhere were 11@&19
other factors, not included‘in our analysis, wﬁich-weré fés—
ponsible for the unexplained_lo?s of export sharés.23 'dh :
the other hand;.changes in exports of the remaining Cénadian
manpfacturing induétries,did not appear to be'Significantly

related to tﬁeir technological_effort-but they benefited .

frém increased priqe cémpetiﬁivenesé. The estimates éf

the price and‘R & D elasficities have to be regar&éa with

extreme caution because owigg to thé'low numbér of obéer«

vations they were not significant at the éonventional 5%

level and the poor résultsfof the regressions of pooled

cross-section samples indicate that the length‘of the obser-

ved ﬁeriod as weli as'the 1ag‘between the changes may ﬁot

~yet be sufficient to reveal thé pficé and R & D elastilcity -

with an acceptable éonfidéncé. Moreéver, both exﬁlanétofj

variables are_oply crude proxies for changes they purport

ﬁb measure; Asidé from the measurement error, an aggregétion'

"bias specific to CSM analysis may .also be present.

x To the extent that the4foféign'controlled subsidiaries,

which form the majority of the "high technology" industries ' .
in Canada, have theilr export marketing strategy determined

by theilr parent companies outside of Canada, 1t 1is likely

that changes in their R & D and prices will not influence

directly their exports,
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Owing to all these limitations the results havé
to be interpreted merely as an‘indiCation that the export-

share changes of Cdanadlan manufacturing industries were not

‘oniy;fdnction,of'changes in ﬁricé competitiveness but alsoa

function of éhanges'in technological competitiveness. ‘The

latter Chéngé appeared to be,deéiéive-for:the "highltedhﬁolo-

"

gy" industries, the former for the rémaiﬁing~0hes;
In what follovs, the same énalyticél framework is

applied to. total mandféctﬁring Seétors~of niné industrialized

countries,
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1

Changes of manufacturing exports of the nine industrialiéed

countries,

The specification of varlables and of the regression
equation was the same as above, except that the price varila-
ble was calculated from the unilt values qf manufacturing
exports. The data for the Whole manufacturing sector, i.e, the sﬁm-of
.fespectiﬁe changes. in all thirtéén industries iﬂ each of the nine countries,

were the units of observation.

The cdmpetitive éhangeé w?re calcuiated for two
alternative periods. The first was the.same as thé oné used
for Cénada, i.e. exports (1965-1970); prices and R & D
(1963—196‘8).24 The values of competitive changes as well
aé,the estimated regression.coefficients are given in Table.
'7.’ Six out of nine couht;ies exhibited the correct combima-
tidn of sigﬁs gor'eﬁpoff and R & D changes. Similarly, 
the price changes appeared with the correct sign aiso six
times, The competitive éhanées of the US, Japanese and Italian

manufacturing exports were assoclated with the theoretically

expected changes both in prices and in R & D.

Regresgion. of the export values on the changes in

24.

1965 indicates calculated average, i1.e, (1963 +;}967)/2; the
same appliles for other periods indicated with the bar.
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R &AD and prices explained around fifty‘percent of the

total variance and both regression.coefficients appeared
with the expected signs; but only tae.dne of the price
:variable wab‘siénificant at the Sanevel.' | |

}In order to check whether the“changes and their'

relationship were not undulv influenced by the choice
of the base period (l963), alternative periods for exports
(1967 l97l) and. for prices and R &D. (1965 1969) were used
The calculated changes and estimated regression coefficlents
are reported in Table 7 ; As'far ‘as the signs of. the
respective changes are concerned in six out of nine countries'

both exploratory variables appeared with the expected sign._'

Both regression coefficients had the.expected sign,p
,but this time only the coefficient of the R & D variable
was significant. Comparison of the present estimates wis h
the previous ones shows that not.only did their si?nificance
changed drastically but their values changed noticeably
as well, These changes were partly at least, caused by the
fact:that the.end period observations:Were not calculated -
:averages. To the extent that the end period observations.
deviated from their longer run trend, they introduced someb
bias in.the.calculated changes. The shortening of the period
(4_years compared to S-years)also probably induced some

changes in the estimated COeffiCientS.b
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It appears therefore that owlng to the great ,
seﬁsitivity of estimated coefficients to the specification

of the observed period 1t is not possible, with the presgntly

existing data for R & D, to estimate the partial elasticities

of exports to R & D and prices with a desired level of con-

fidence,




Table 7

a) Competitive changes calculated. for the whole manufacturing sector of nine countries (Z).

- . 1lst period ' R 2nd period

Country: - ECC INCO RDCC ECC INCO RDCE

(1965-70) (1963-68) (1963-68) (1967-71) (1965-69) (1965-69)
Canada  0.699 3.575 5,799 ~12.971 3515 6,900
Us -17.799 2.970 - 0.898  -13.244 2.537 - 1.385
Japan 54, 447 -5.000 © 5.018 61.506 -2.280 .. 20,047
Belgium 10.323 -1.280 ~28.371 " 14,481 -1.820 .- 4,567
Gernany - 3.287 -2.140 '-1.390 5,096 -1.919 7.568
Fraace 0.402 1.310 14,176 . 24,755 -1.223 ‘ 8.006
Iraly 11,233 . ~6.010 6072 8,360 "_3.232 17.187
cs - 9.475 -1.941 - 7.816 -40.056 - -8.415 - =19.199

Sweden .  -11.397. 2.590 5.780 - 8,987 1,288 -'5.333

b) Competitive changes in exports as a function of competitive changes in prices and R & D.

Ece = . a a, INCO (UVE) e 2, ROCC g2 ‘n
1. ¥anufactering - : -4,424 _ £ 0.317 0.478 9
exports of each ) {-2.61)** ’ (0.75) (6.38) &%

country A, N ' ) . ‘
II.Manufacturing - 0.882 ' 1.819) . 0.610 9
exports of each (-0.48) (3.38)** (10,95) **

Notes:  a) ﬁquation I relates observations on exports (1965~1970) to'R & D and prfces (1963-1968)
Equation 11 relates observations on exports (1967-1971) to R & D and prices (1965-1969)

b) The statistical significance of the iqte*cept a_ was in both cases so low that
equations were reestimated without intercept.

c) Coefficients'significant at the 57 level indicated by two asterisks.

i'l
b
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It was established'in the first part of this study that"no.‘
matter ‘what measure of export performance is used the exports of Cana-
' d1an manufacturlng 1ndustr1es are posltlvely assoclated w1th thelr R & D
: effort-and labour product1v1ty. These two explanatory variables. also-

explaln the export performance of most other countrles Ain the- sample.
Given the d1551m11ar1ty among . countrles in the patterns of thelr export
spec1allzatlon 1t appears that the assoc1atlon of exPort performanceA
w1th R § D effort of a given. 1ndustry 1nd1cates that R § D effort is not -
only an 1mportant factor for’ exports of hlgh technology 1ndustr1es but>

plays a non—negllglble role in’ the exports of trad1tlonal 1ndustr1es as

well. The spec1a11zat10n of Canadlan manufacturlng 1ndustr1es in exports

of resource oriented. 1ndustr1es such as paper products, wood products,
:metallurgy and food products is reflected in- an analoglcal spec1a11zatlon
1n-research and development The Canadian resource or1ented manufactu—.
‘ r1ng 1ndustr1es exhlblt in terms of R &D expendltures at least above
average relatlve 1ntenslty of- R & D CR & D expendltures per sales) and
they also account for.a large share of the total_expendltures for R § D

in the resource oriented industries.

As far as the Canadian manufacturing industries are concerned,
an increase of their foreign (US) control not accompanied by an increase
of research intensity and / or labour productivity worsens their export

performance.
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An attempt to analyze the determinants of exports to three subs-
tantially different markets: 1) Eeropean member countries of OECD
2) World outside OECD and 3) United Stétes, was executed inAtWO stepe.
First, ihe exports of all nine countries to OECD-Europe and to the
world,outside‘QECD were compared. The results for Canada and the Euro-
pean countriesin the sample suggest that for a given share of R § D,
an industry's share of exports to the rest of the world is higher-than
its share of exports to Europe. On the other hand for the United States
and for Japan, the R.& D elasticity of export shares is respectively

slightly and substantially higher for exports going to Europe.

An analysis of exports to the U.S. market indicated that the
share of U.S. manufactufing imports is for mosf countries ef the sampie
(except Jépan_and France) positively related to the share a given né—
tional industry has in the total R § D expenditures of the same induetry
acress the sample of nine eountries. The eomparative advantege expreé—
sed as the higher‘labour productivity and / or lewer‘unit wages of the
exporting indﬁstry compared to the importing US industry contributed, 
to the ekplanation together with the negative influence of the tariff
protection and distanee. The U;S. control although eignificant for.seme
countries ( G.B., Japan) had a negligible influence on Canadian observa-

tions as well as on the total sample.

The bilateral trade between Canada and the U.S. reflects a spe-
cialization pattern of which the R & D effort is in integral part. The
higher the relative intensity of R & D in the Canadian ihdustry compared

to the American industry; the higher the ratio of U.S. imports frpm'Canada
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compared with the U.S. exports to Canada,i.e. the better the Canadian
balance of commerce in the giren industry.h.This finding.shows that it
ds not realiStic to assume, as economists so far did, that the.pattern
of R &D spec1a11zatlon exlstlng in one country (U.8.) can -serve as a

proxy for R & D spec1a11zatlon in other:countries (Canada)

Thus it is poss1b1e to conclude that the pattern of Canadian
4manufactur1ng exports and 1mports is closely assoc1ated w1th the 1eve1
.of R &D. effort 1n each 1ndustry. The 1eve1 of R & D effort in an in-
dustry is best measured by. the share of the total R § D effort in the
glven 1ndustry across the sample than by the varlous relatlve measures

such as R § D per sales or R & D employee, .

As for the other determinants, the wage rate and labour produc-
tivity in the Canadian . compared to the U.S. industry, complement in the l
expected way the explanation of the%trade in~manﬁfactured”goods between:.

Canada and. the United States.

"The change in Canadlan manufacturlng exports from 1963 to 1971
were found to be malnly a result of the 1ncrease in the world ‘demand
for exportso, All so‘called "h;gh‘technology" 1ndustr1es (except the _
spec1al case, the ‘transport equlpment 1ndustry) experlenced a decrease
of thelr exporﬂs competltlveness the1r exports 1ncreased 1ess than the.

world demand for them{

The changes in R & D expenditures were also decomposed in order
to isolate the effect of the competitive change.The Canadian manufacturing

sector exhibited a positive competitive increase of R § D expenditures of
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the order of nine percent. R § D expenditures of nine industries expe-

rienced a competitive increase.

Eventually, the changes in the price competitiveness of manu-
facturing exports were measured by an index of unit labour costs. The
price competitiveness was improved in most of the "low technology' in-

dustries.

The analysis of changes in exports; R § D and in pfice level
of thirteen Canadian ﬁanufaétﬁring industries identified the influence
of competitive changes in prices and R § D on the competitive change
of exports. Predicably, the competitive change of exports by the "high
téchnology” industries appeared to be influenced more by changes in R § D
than4by changes in relétive brices. On the other'hand,.the remaining
"low technolégy“'indﬁstries appeared to reiy on pricé changes rather_fhan
on technological competition. Although most Canadian industries recorded
an iﬁcrease of their R & D competitiveness, thé increase was not suffi-
cient to'reverse the unfavorable effects of price increases and of othef
undetefmined factors and the Canadian manufacturing‘séctor suffered an

overall loss in its export competitiveness.

Analysis of theAgrowth of total manufacturing exports of nine
countries again demonstrafed thét the competitive changes in_exports are
better explained by changeé in both R § D and prices than by price
changes only. The estimated cééffi;ients, however, appeared very sensi-
tive to changes in specification of the period of observation. Owing to

limited data on R & D it was not ﬁossible'to use calculated averagés‘for.
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base and end period observations which probably would have resulted
in more stable and less biased estimates of partial price and R & D

elasticities.

It is acknowledged that the results for less aggfegated
industries would have been more meaningful; unfortuhately the scarcity

of data made a finer break-down impossible,
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