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SHOULD NOT UNDERMINE
DOMESTIC R&D EFFORTS

Because industrial research and development (R&D) produce well-known spillover
benefits, some commentators have argued that Canada should not subsidize its
own R&D but should instead rely on technology transfer. Analysis shows that R&D
that comes here either through foreign investment or embedded in imports has a
bigger effect in boosting Canadian productivity than our own R&D does. But that
doesn’t mean we should give up on encouraging domestic R&D. When R&D is
conducted by our direct competitors we can’t depend on ready access to it, while
if foreign multinationals give us most of our skills and knowledge, we can't be sure
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we get the full benefit from them.

La recherche-développement (R-D) industrielle produisant des retombées bien
connues, certains observateurs soutiennent que le Canada doit cesser de la
subventionner pour miser uniquement sur les transferts technologiques. Des
analyses révélent ainsi que la R-D dont nous bénéficions par I’entremise des
investissements étrangers ou des produits d’importation stimule davantage la
productivité du pays que notre propre R-D. Mais cela ne signifie pas que nous
devons cesser d’encourager la R-D canadienne : nous ne pouvons en effet compter
sur la pleine disponibilité de la R-D de nos concurrents directs, pas plus que nous
n‘avons la certitude de profiter des nombreux talents et connaissances qui nous
proviennent des multinationales étrangeres.

conomists have long known that the returns to
E research and development (R&D) are both private

and social. The private returns accrue to the firm
undertaking the R&D, mainly in the form of higher profits;
the social returns add to the private returns any additional
benefits that spill over to others. Research shows that the
presence of significant spillover benefits normally cause
social returns to far exceed private returns. Because private
investors have no financial incentive to take these spillover
benefits into account when making their investment deci-
sions, in the absence of government intervention a free
market will provide a less than socially optimal amount of
R&D. This is the rationale for government subsidies for R&D
spending, which have resulted in higher standards of living
for all Canadians.

It has been argued, however, that Canada may be rely-
ing too heavily on its own domestic R&D efforts and not
giving enough recognition to the importance of imported
(or acquired) R&D. In effect, we pay for R&D to be under-
taken domestically which could have been undertaken in
other countries and which we could have benefited from
simply by acquiring it—at much lower cost to ourselves. I

want to argue, on the contrary, that while foreign R&D
efforts have made a significant contribution to our eco-
nomic well-being, we should not underestimate the impor-
tance of our own domestic efforts. We should therefore be
concerned that Canada’s excessive reliance on acquired
R&D at the expense of domestic R&D efforts has resulted in
our falling last among G7 countries in terms of R&D expen-
diture as a share of GDP, and, as Figure 1 shows, even farther
back when other non-G7 countries are included. In a recent
survey we were 16th, between Belgium and Australia. This
poor R&D performance is widely believed to be a leading
cause of both the Canada-US productivity gap and the
decline in the value of the Canadian dollar.

o one can deny that R&D creates out-of-country bene-

fits. The whole world has benefited from technological
development, even though, as the economists David Coe and
Elhanan Helpman have reported, 96 per cent of the world’s
stock of measured R&D is in the OECD countries, with 87 per
cent in the G7 and slightly over 50 per cent in the US alone.
There are several channels by which the acquisition of foreign
R&D occurs: international trade, foreign direct investment
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Figure 1
Total expenditures on R&D, 1996
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(FDI), joint ventures, strategic alliances, technolo-
gy licensing and labor mobility. In a recent study,
A. E. Safarian and I tried to measure the impact of
domestic and foreign R&D on productivity levels
in OECD countries. Because data limitations pre-
vented us from modeling all the channels by
which technology diffusion takes place, our study
focused on international trade and FDI as means
by which OECD countries gain access to interna-
tional pools of R&D. Our study looked at the
entire OECD, but my focus here is on the
Canadian case.

Many studies analyze the impact of flows of
R&D expenditures on productivity. In contrast,
here the focus is on stocks of R&D. We measure
these stocks, which are meant to proxy for the
stock of developed ideas and techniques at any
point in time, by assuming they are the cumula-
tive flows of each country’s past expenditures on
R&D. Of course, some R&D efforts become obso-
lete and hence there must be some allowance for
depreciation.

Given the existence of this international pool
of R&D knowledge, the challenge is to identify
how much of the foreign stock of R&D is accessible
to Canadians. One could simply use the sum of all
the domestic R&D stocks across the OECD coun-
tries and call this Canada’s stock of foreign R&D,
but this would assume Canadians have exactly the
same access to R&D undertaken in other countries
as their domestic industries do. For example, it
would assume that Canadian industries had exact-
ly the same access to Japanese R&D efforts as
Japanese industry, or exactly the same access to US

R&D efforts as US industry. But they obviously
don't. So rather than assuming that the grand total
of R&D done abroad is immediately available to
Canada, we have to somehow weight the R&D
efforts of other countries. We do this by looking at
the different countries’ roles as trading partners
with and investors in Canada.

When Canada imports goods and services
from other countries, it also imports the tech-
nology embedded in these goods and services.
Similarly, when multinational enterprises locate
production facilities in Canada, they bring with
them much in the way of technology, manageri-
al know-how and other skills. In order to try to
measure how much technology is embedded in
Canada’s imports and also in Canada’s stock of
inward FDI, we constructed the import-weighted
and FDI-weighted R&D stocks of each of our
trading partners. The inputs needed to calculate
these foreign R&D stocks for 1990 are given in
Table 1. For example, in that year Canada’s
domestic stock of R&D amounted to US$31.2 bil-
lion, while the United States’ domestic R&D
stock was US$1.041 trillion, followed by Japan at
US$259.6 billion, and Germany at US$175.3 bil-
lion. The sum of the R&D stocks across all the
OECD countries listed was US$1.93 trillion in
1990. In addition, Table 1 (page 44) provides the
distribution of Canadian imports and inward
FDI that originate in each OECD country. For
example, in 1990, 75.9 per cent of Canada’s
imports and 64.2 per cent of inward FDI came
from the US. Similarly, 8.2 per cent of Canada’s
imports and 4.0 per cent of inward FDI came
from Japan.

Two features of Table 1 should be highlight-
ed. The first relates to the importance of the US
in terms of R&D spending: the stock of US R&D
represents 53 per cent of the total R&D stock for
all countries listed. The second relates to the
diversity of Canada’s inward FDI as compared to
its imports: although 75.9 per cent of Canada'’s
imports come from the US, only 64.2 per cent of
Canada’s inward FDI does. By contrast, the UK is
the source of only 3.9 per cent of Canada’s
imports but 13.1 per cent of Canada’s inward
FDI, while the Netherlands is the source of only
0.71 per cent of Canada’s imports but 3.27 per
cent of Canada’s stock of inward FDI.

The R&D embedded in Canada’s imports we
define to be the percentage of our total imports
that come from the US multiplied by the US
domestic R&D stock, plus the percentage of our
total imports from Japan multiplied by the
Japanese domestic R&D stock, and so on for all
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Table 1
R&D, trade and foreign direct investment (FDI), 1990
Domestic Percentage Percentage | R&D stock R&D stock
R&D stock of Canada’s | of Canada’s accessed accessed
(Bill US$) imports inward FDI through through FDI
from from imports (Bill US$)
(Bill USS)
1 Canada 31.2 — — — —
2 us 1,041.8 75.93 64.22 791.039 669.044
3 Japan 259.6 8.21 3.99 21.313 10.358
4 Germany 175.3 3.19 3.88 5.592 6.802
5 France 115.4 1.74 2.93 2.008 3.381
6 Italy 46.4 1.73 0.25 0.803 0.116
7 UK 148.2 3.93 13.13 5.824 19.459
8 Australia 9.1 0.07 0.00 0.006 0.000
9 Austria 6.6 0.32 0.19 0.021 0.013
10 Belgium 15.7 0.49 0.51 0.077 0.080
11 Denmark 5.3 0.22 0.01 0.012 0.001
12 Finland 5.5 0.32 0.00 0.018 0.000
13 Greece 0.5 0.06 0.01 0.000 0.000
14 Ireland 1.1 0.14 0.06 0.002 0.001
15 Israel 2.5 0.13 0.07 0.003 0.002
16 Netherlands 29.0 0.71 3.27 0.206 0.948
17 New Zealand 1.0 0.19 0.00 0.002 0.000
18 Norway 5.9 0.68 0.46 0.040 0.027
19 Portugal 0.7 0.14 0.00 0.001 0.000
20 Spain 8.7 0.49 0.03 0.043 0.003
21 Sweden 21.5 0.81 0.48 0.174 0.103
22 Switzerland 31.0 0.52 2.21 0.161 0.685

the OECD countries. The intuition behind this
calculation is that, all else constant, the
Canadian economy will achieve more interna-
tional spillovers if it trades more with countries
that have invested heavily in R&D.

We then extend the analysis to allow FDI to
be an additional channel of R&D diffusion. The
R&D embedded in Canada’s inward FDI stock is
the following weighted average: the percentage
of our total inward FDI stock from the US multi-
plied by the US domestic R&D stock, plus the per-
centage of our total inward FDI stock from Japan
multiplied by the Japanese domestic R&D stock,
and so on for all the OECD countries. The last
two columns of Table 1 indicate the stock of R&D
in each OECD country which Canada accesses via
imports and inward FDI, respectively. Again, we
see the dominance of the US.

By summing these columns, we calculate the
amount of R&D contained in Canada’s imports as
US$827 billion and Canada’s inward stocks of
FDI as US$711 billion. When these are compared
to Canada’s domestic R&D stock of US$31.2 bil-
lion, we see the importance of gaining access to
such international pools of R&D. This under-

scores the importance of identifying and measur-
ing the relative weight of alternate channels by
which Canada can access these large internation-
al pools of knowledge.

Having calculated these foreign stocks of
R&D for each year in our sample, we then use
regression analysis to measure the independent
impact that each of the three stocks of R&D has
had on Canadian levels of total factor productiv-
ity. Regression analysis allows us to look for
movements in Canadian productivity that are
attributable to domestic R&D stocks, as well as to
the R&D stocks embedded in Canada’s imports
and Canada’s inward FDI. As a result, we are able
to measure the importance of domestic and
acquired R&D to the Canadian economy.

The calculations already made have shown
us how large the various types of R&D are. But
they don't necessarily show how important they
are to Canadian production. R&D that is not
directly relevant to Canadian production, even if
it is important in scale, would have a relatively
small impact on Canadian productivity: very lit-
tle movement in Canadian productivity levels
might be attributed to this R&D. In contrast,

The Canadian
economy will
achieve more
international
spillovers if it
trades more
with countries
that have
invested
heavily

in R&D.
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R&D that is directly relevant to Canadian pro-
duction would have a relatively large impact on
Canadian productivity: even if it were not large
in scale, a lot of movement in Canadian produc-
tivity levels will be attributed to this R&D. What
regression analysis does is identify the move-
ments in productivity that are systematically
related to movements in R&D spending.

Our results are presented in Figure 2. It is
important to point out that the measured impact
of domestic R&D is constrained to be the same
across years, which is a necessary condition of the
statistical procedure used. That explains why the
bottom vertical bar remains constant at 0.14 per
cent throughout. In contrast, the impact of for-
eign R&D is allowed to vary over time. This is
because in our regression analysis we interact the
measured impact of R&D embedded in our
imports with the level of Canada’s imports rela-
tive to GDP, and the measured impact of R&D
embedded in our inward stock of FDI with the
level of Canada’s inward FDI stock relative to
GDP. Therefore, as the importance of imports rel-
ative to GDP varies, so too does the impact of the
trade-related foreign R&D stock. The idea under-
lying this is that the more Canada imports, for a
given set of import weights, the larger will be
Canada’s foreign R&D stock, and hence the larger
will be the impact on Canada’s productivity.
Similarly, as inward FDI relative to GDP increases,
for a given level of FDI weights, so too does Canada’s
access to foreign R&D, and hence the larger the
impact of the FDI-related foreign R&D stock.

The regression results presented in Figure 2
can be interpreted as follows. The vertical axis
gives the measured (or estimated) impact of R&D

Figure 2
Impact of R&D on Canada’s productivity
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on Canada’s productivity. The analysis is under-
taken in such a way that the height of each bar
is what we call an elasticity: it measures the per-
centage impact on productivity of a one-per cent
increase in R&D. For example, the average
height (impact) over the entire sample of the
domestic R&D bar is 0.14. For R&D acquired
through trade and through FDI, the average
heights (impacts) are 0.24 and 0.21, respectively.
These results indicate that increasing the domes-
tic R&D stock by one per cent will increase
Canada’s productivity by 0.14 per cent.
Increasing the R&D embedded in Canada’s
imports and Canada’s FDI by one per cent would
increase Canada’s productivity by 0.24 per cent
and 0.21 per cent, respectively. Of course, the
impact of foreign R&D acquired by Canada
through its trade and FDI is the sum of the two
effects: 0.24 plus 0.21, which equals 0.45. Put
differently, if each OECD country increased its
domestic R&D stock by one per cent, there
would be two impacts on Canada’s productivity:
the direct impact that results from an increase in
Canada’s own R&D stocks, which we estimate to
be about 0.14 per cent, as well as the increase in
Canada’s productivity that results because of
access to the R&D undertaken in other countries,
the measured impact of which we put at an addi-
tional 0.45 per cent. That is, Canada’s productiv-
ity would increase by 0.59 per cent (0.14 plus
0.45), and this increase in productivity would be
permanent.

Two aspects of the results stand out. First, the
impact of foreign R&D on Canada’s domestic
productivity levels is three to five times larger
than the domestic R&D impact. These results are
consistent with those reported by Carleton
University’s Jeffrey Bernstein in a 1996 study for
Industry Canada which indicated that the social
returns to R&D expenditure are up to 12 times
the size of the private returns—with much of the
social return in Canada being derived from
spillover benefits of R&D undertaken in the US. A
limitation of Bernstein’s results, however, is that
they do not specify the channels by which R&D
spills over. By contrast, our results identify sepa-
rate spillovers occurring through international
trade and foreign direct investment. Since
Bernstein identifies the social impact of R&D
(deriving mainly from international spillovers) to
be up to 12 times larger than the private returns,
and we find the international spillovers to R&D
embedded in imports and inward FDI to be up to
five times larger, we have identified channels that
account for less than half of the possible
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spillovers. Therefore, we can infer that the addi-
tional channels of R&D diffusion not modeled
due to data limitations are as important as the
two we have modeled here.

A second noteworthy aspect of our results is
that the relative importance of R&D entering
Canada through FDI has been falling. This is not
especially surprising, since FDI has become less
important to Canada (as Figure 3 shows). The
possible reasons for Canada’s declining shares of
world, G7 and North American inward FDI stocks
have generated substantial attention in Canadian
policy circles and the impact on Canada’s pro-
ductivity is but one dimension of that debate. On
the other hand, imports into Canada have soared
and the impact on Canada’s productivity of R&D
embedded in Canada’s imports has also
increased. In fact, the combined effect of trade
and foreign investment is that the contribution
of foreign R&D to Canada’s productivity growth
is greater than at any time during the period
studied, including the early 1970s, when high
levels of foreign investment were an important
political concern.

T o return to the policy question posed at the
outset: if Canadians can import all the R&D
they need, should they nevertheless pay to subsi-
dize domestic R&D expenditures? Those who
believe Canada should depend on acquired R&D
neglect two critical benefits derived from under-
taking R&D domestically. The first relates to com-
parative advantage, and the second to who cap-
tures the returns to R&D.

Figure 3
Canada’s openness to imports and inward FDI
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International trade theory predicts that
when countries open their economies to trade,
each country will specialize in the production
and export of the goods for which they have a
comparative advantage. The acquired R&D that
will be most applicable in Canadian production
will originate in foreign countries that operate in
the same industries as Canada, and hence in
countries that compete with Canada interna-
tionally. If Canada were to leave R&D to these
other countries, we would always lag behind our
international competitors technologically. The
lag involved in Canadian industries absorbing
and implementing foreign technologies can be
substantial. Moreover, without significant
domestic R&D efforts, Canada’s ability to absorb
foreign technologies, especially those of a more
sophisticated nature, would be diminished, and
this would further increase the lags involved in
Canadian absorption of foreign technologies.
Furthermore, nothing guarantees that foreign
R&D efforts will coincide with those that are
most appropriate in a Canadian setting. All in
all, this would result in reduced competitiveness
and a loss of market share for Canadian
exporters. It is also worth noting that this con-
clusion holds whether we are dealing with trade
between industries or trade within the same
industry, although the cost of absorbing
acquired R&D would likely be lower in the case
of the latter.

The second reason for supporting domestic
R&D is that although it has been established that
foreign R&D spending improves productivity
domestically, it is not clear who captures the
gains from such R&D. For example, consider for-
eign direct investment in Canada. Both theory
and empirical evidence indicate that such invest-
ments generally result in an improvement in the
productivity with which resources are utilized in
Canada. The results just reported reinforce this
view. However, the evidence is less clear on who
captures the returns: the multinational corpora-
tion or Canadians. Since corporations’ objectives
are to maximize profits, it is likely that multina-
tionals will use channels to enter foreign markets
that allow them to capture as much of these gains
as possible and hence increase profits. The
domestic returns to acquired R&D may therefore
be substantially lower than the returns that may
be obtained had the R&D been undertaken
domestically.

The results presented here are consistent
with those of Roger Martin and Michael Porter in
their recent study, Canadian Competitiveness: A

If Canada
were to leave
R&D to other
countries, we
would always
lag behind our
international
competitors

technologically.
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Decade after the Crossroads, 2001. They argue that
“Canadian firms and governments must turn
their backs on a culture of replication, and strive
instead for uniqueness and innovation,” and
they go on to show that industries which depend
upon replication are not globally competitive,
whereas firms in industries which “act boldly and
aggressively to innovate” are doing very well
globally. Martin and Porter detail the perform-
ance of the Canadian newsprint industry as an
example of the former kind of industry and the
telecommunications switch industry as an exam-
ple of the latter. Firms that pursue replication
strategies depend mainly on acquired R&D,
whereas firms that are innovative depend much
more on their own R&D efforts.

To argue that Canada should not rely entire-
ly on foreign or acquired R&D is not to say that
we should undertake R&D in every industry. As
countries become more globally oriented, they
specialize in the goods for which they have a
comparative advantage. It is in these industries
in which R&D should be undertaken since R&D
can be thought of as an additional part of the
production process. But it is difficult if not
impossible to determine ex ante which indus-
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tries should or should not undertake R&D, and
it is important that this decision not be left to
government. There is no evidence that govern-
ments have a comparative advantage in analyz-
ing comparative advantage.

The policy implications of the results pre-
sented here are clear. Government policy should
encourage technology transfer, and an under-
standing of the relative importance of alterna-
tive channels of technology diffusion can
improve this task. However, such attempts
should not come at the expense of significant
domestic R&D efforts, without which Canada’s
productivity gap will continue to widen with
our trading partners, particularly the US.
Therefore, the government should subsidize
R&D regardless of industry, and these subsidies
must be increased to improve Canada’s R&D
record. The alternatives to this option will be far
too costly to Canadians.

Walid Hejazi is a Professor of International Business
Economics in the Division of Management at the
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to the Rotman School of Management at the
University of Toronto.
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