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affect productivity by using industry level data for machinery goods imports and productivity in eight
OECD countries between 1970-91. First, there is evidence that these countries benefit more from
domestic R&D than from R&D of the average foreign country. Second, conditional on technology
diffusion from domestic R&D, the import composition of a country matters, but only if it is strongly
biased towards or away from technological leaders. Third, I estimate that differences in technology
inflows related to the countries’ patterns of imports explain about 20% of the total variation in the
countries’ productivity growth. The implications of these findings for developing countries are
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1. Introduction

There is wide agreement among economists today that differences in physical and human
capital accumulation alone do not explain the large variation in economic growth across
countries. The important complementary role of technological diffusion in achieving higher
rates of economic growth has long been recognized, but little is known about the specific
policies which promote such diffusion, particularly at the international level.

A widely held view is that international trade leads to faster technological diffusion and
to higher rates of productivity growth (e.g., Helpman 1997). While this would be important
for all countries, it has dramatic implications for less developed countries as they seek to
catch up with the techuological leaders in the OECD. International agencies such as the
World Bank routinely recommend policies that foster international trade, in part because it
is presumed to benefit international technology diffusion (World Bank 1991, 1998). However,
there is little sound evidence to support this view to date.!

The recent development of theories of endogenous technological change, in particular by
Romer (1990) and Aghion and Howitt (1992), has triggered new analyses of the relation
of trade, growth, and technological change in open economies (Grossman and Helpman
1991, Rivera-Batiz and Romer 1991). In this work, the authors embed the recent theories
in general-cquilibrium models to analyze the impact of both trade in intermediate as well
as final goods on long-run growth. Technology diffuses in this framework through being

embodied in intermediate inputs: 1f rescarch and development (R&D) expenditures create

'See the review of the literature below, as well as Aghion and Howitt (1998) for a broader discussion.



new intermediate goods which are different (the "horizontally differentiated inputs’ model) or
better (the 'quality ladder’ model) from those already existing, and if these are also exported
to other economies, then the importing country’s productivity is increased through the R&D
efforts of its trade partner.

The framework suggested by these models is well-suited to study empirically how trade
patterns determine technology flows that trigger productivity growth, and the impact of
importing a new (or better) type of intermediate product might take various forms. First,
the possibility of employving a larger range of intermediate inputs in output production allows
for a productivity-cnhancing increase in the degree of specialization in intermediate inputs
production. To the extent that the importing country succeeds in not payving in full for
this increase-in-variety, it is reaping an external beuefit, or, "spillover” effect. Secondly, the
import of specialized inputs might facilitate learning about the product, spurring imitation
or innovation of a competing product.

In this paper, 1 will use data on the G-7 group of countries? plus Sweden to evaluate these
mechanisms. The traded goods here are machinery inputs for manufacturing industries;
these inputs are usually differentiated and imperfect substitutes, as in the model mentioned
above. In addition, they are often highly specialized for a particular industry, implying
that the eclasticity of substitution between iuputs produced for two different industries is
negligible.

In this setting, I ask whether productivity growth in an importing country is increased

?These are: Canada, Irance, Germany, [taly, Japan, the UK., and the U.S.



by the R&D investments-leading to a larger variety of differentiated machinery—of its trade
partners. It is clear that the pattern of trade in intermediate inputs is a central element of
this technology diffusion hypothesis. Both the ’increasing variety’ as well as the reverse-
engineering’ effects are tied to arm’s length market transactions of goods.?

The first hypothesis concerns the composition of imports by partner country: Countries
which import to a larger extent from high-knowledge countries should, all else equal, import
on average more and better differentiated input varieties than countries importing largely
from low-knowledge countries. Couscquently, this should lead to relatively higher produc-
tivity levels in the former countrics. Second, for a given composition of imports, this effect
is likely to be stronger, the higher the overall import share of a country is.

However, there are many reasons why a higher import share (or, more 'openness’) might
lead to higher growth rates, some of which have little to do with international technology
diffusion (see e.g. Edwards 1993). Because the prediction that the import composition
matters is shared by fewer other models than that high overall imports are beneficial, focusing
on the former is a more direct approach to address the question whether trade is an important
determinant of international technology diffusion than an emphasis on the overall import
share effect. For the same reason, examining the import composition effect is a more powerful
test of the recent trade and growth models than studying overall import effects.?

A number of recent papers have attempted to assess the importance of imports in trans-

30f course, there are other mechanisms of international technology diffusion that do not depend on
imports, for instance, foreign direct investient (FDI) inflows; on FDI, see Lichtenberg and van Pottelsherghe
’ I (»] 7 (o] &)
1998h) as well as Wang and Xu (1996), (or instance.
o ]
Tor further discussion of the implication of such model identification problems’; see Evenctt and Keller

(1998).



mitting foreign technology into domestic industries and spurring total factor productivity
(TFP) growth, including Coe and Helpman (1995), Coce et al. (1997), Evenson (1995), Keller
(1997, 1998a, 1998Db), as well as Lichtenberg and van Pottelsberghe (1998a).° In Coe and
Helpman (1995), the paper that started this literature, the authors find a significantly pos-
itive correlation between TEFP levels and a weighted sum of partner country R&D stocks,
where bilateral import shares serve as weights.®

The interpretation of this finding 1s not clear, though, because Neller (1998b), using the
same data. finds that the role played by the conntries” composition of imports in obtaining
this result is limited: Alternatively weighted R&ED stocks—where import shares are created
randomly-also lead to a positive correlation between foreign R&D and the importing coun-
try’s R&D. and the average correlation is often larger than when foreign R&D is weighted
using observed import shares.”

While making the point that the correlations of Coe and Helpman (1995) do not depend
on the observed patterns of imports between countries, the results of Keller (1998Db) do not
imply that R&D spillovers are anrelated to international trade. Iirst, these papers use
aggregate import data to compute the trade share weights for a given importing country.

Overall import relations between conntrics, however, are likely to be a very poor measure

5The papers by Park (1995), Berustein and Molmen (1998), and Branstetter (1996) are also estimating
international R&D spillovers, but do not contain an explicit argument with respect to international trade.
See also the paper by Eaton and Kortum (1998).

6Coc and Helpman (1995), as well as other authors, do not only consider the import composition effect,
but also the technology inflow effect resulting fromn the level of itnports, with the import composition given:
both might contribute importantly to iuternational technology diffusion. In this paper, however, [ focus
primarily on the import composition effect, for the model identification reasons mentioned above.

TKeller (1998b) and Coe et al. (1997) also report regressions ol TFP on unweighted R&D stocks, some-
thing that also Coc and Helpman had considered (1993, p.8G4). The relation of these regressions to the
analysis in this paper will be discussed in section 5 below.
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of intermediate inputs trade relations. Sccond, most R&D is conducted in only a relatively
small set of manufacturing industries (c.g., OECD 1991). This means that an analysis
at the country level does not allow as strong inferences as might be possible at a more
disaggregated level. Third, common trends and shocks that affect R&D and productivity
simultancously might lead to spurious regression results that cloud any ‘real’ international
technology diffusion that is related to trade patterns. IMinally, even if trade patterns are not
the only determinants of international technology diffusion, it is necessary to quantify their
contribution in order to assess the relative importauce of trade patterns.

In this paper I conduct an analysis of R&D, imports, and productivity at a two- and
three digit indnstry level. At this level of aggregation, one is much more likely to observe
trade flows embodying new technology thau at the conntry-level. Further, estimation results
for both TFP level as well as TIDP growth rate specifications are presented, addressing someé
of the open questions concerning common trends and simultaneity.® T also extend the Monte-
Carlo analysis conducted by Keller (1998b), showing how such experiments are related to
estimating an overall spillover effect from foreign R&D. This allows to determine whether
there exists a part of international R&D spillovers that is related to trade patterns.

The main findings are the following: First, there is evidence that these conntries benefit
more from domestic R&D than from R&D of the average foreign country. Second, con-
ditional on technology diffusion from domestic R&D, the import composition of a country

matters, but only if it is strongly biased towards or away from technological leaders. Third,

8In the appendix I also report different sets of auxiliary regressions that analyze the robustness of the
findings.
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I estimate that differences in technology inflows related to the countries’ patterns of imports
explain abont 20% of the total variation in the countries’ rates of productivity growth. The
implications of these findings for developing countries are discussed in the concluding section
of this paper.

In the next section, I briefly describe the theoretical framework that motivates the em-
pirical analysis. Section 3 contains a discussion of the characteristics and construction of
the data. In section -1, the empirical results are preseuted. and contrasted with those of the
corresponding Monte-Carlo experiments. The following section shows how the estimates of
overall international R&D spillovers are related to the findings in the Monte-Carlo experi-
ments; 1 also demonstrate how the marginal contribution of the import composition can be

separately identified from the average spillover effect. Section 6, finally, concludes.

2. Theoretical Framework

The following gives a minimal background of the recent theory that guides the empirical
analysis in this paper.” Long-mun growth is endogenously determined by R&D investments,
and technology is transmitted via trade in intermediate inputs. Assume that a country’s

output is produced according to

=AM 0<a <] (2.1)

9Gee Aghion and Howitt (1992), Grossinan and Helpman (1991), Rivera-Batiz and Romer (1991), and
Romer {1990); thie books by Barro aud Sala-i-Martin (1995) and Aghion and Howitt (1998) offer broader
perspectives on thie topic.



where A is a constant, { are labor services, and d is a composite input consisting of horizon-

tally differentiated goods x of variety s :

The variable n¢ denotes the range of intermediate inputs which are employed in this country;
it can be distinct from n, the range of intermediate inputs produced in this country. The
latter is increased by entrepreneurs devoting resources to R&ED (x). I R&D capital does not

depreciate, the range of intermediates at time 7" will equal

that is, the cumulative resources devoted to R&D up to time T I define n(17) = S(T).

The goods x(s) are best thought of as differentiated capital goods; they are produced with
foregone consumption, or capital, denoted A, Under certain conditions, one can express the
total interuediate input nsage d in terms of capital k, and write, using (2.1), a reduced-form
expression for output as

Z= () ke (2.4)

If [7is total factor productivity (TIP), defined as " = 5=, equation (2.4) together with
this definition leads to

log I' = log A + «rlogn®.

~—~
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Equation (2.5) shows that productivity is positively related to the size of the employed
product variety.

With many countries, v = 4, h, .., V, foreign intermediates will be imported in exchange
for domestic varietics. This implies that each country employs a larger range of intermediate
goods than it produces itself. In this sense, the possibility of trade allows each country a
greater degree of specialization in intermediate goods production than would be possible
without trade. This increases productivity becanse the constant elasticity of substitution-
specification in equation (2.2) implics that for a given amount of primary resources, outpiut
is increasing in the range of differentiated inputs (Ethier 1982). International trade leads to
increases in productivity because only one country has to invent any new product variety
(by spending the fixed R&D cost x), whereas potentially all countries can employ the new
product by importing it, thereby benefiting from the new foreign technology.

When there are many conutries and industries, denoted j = 1,...,J, the composite input

d of conntry #'s industry j. di;, is given by

-1t l—-a

71‘, . . 0N . a
dij = /u ! :I.‘;j(s)"'“ ds + 7, /0 ] :1:}11-(.5-’)‘ ds’ + ..+ . (2.6)

Here, Q;J(S) denotes the quantity of an intermediate of variety s used in sector j. The country
in which the intermediate is produced is given by the subscript, whereas the superscript
denotes the conntry in which the intermediate is cmployed. Similarly, n;;'j gives the range of
domestically produced intermediate goods ntilized in country 4's good j production, and n,fu

is the rance of goads that conntry 4 imports from country h. The variable vt . determines the
o B J ’yhj



degree of substitutability between intermediates of country /o and domestic intermediates in
country i's industry j. If the substitutability is perfect, then the v’s are equal to one.!?

For simplicity, theoretical work so far has largely concentrated on one-industry, two-
country models (e.g., Rivera-Batiz and Romer 1991, Keller 1996).1 In consequence, empir-
ical work using a mmulti-conntry, multi-industry setting has usually not estimated structural
equations of such a model of trade, technology diffusion, and growth. Rather, to go from the
structural relationship of productivity and R&D in the one-sector closed-economy model,
equation (2.5), to the mult-country, multi-industry coutext. authors have related produc-
tivity not only to domestic, but also foreign RED, w # v

Fy=V(n

1]

u 4y U o ) 3 R
vir i) = L (Syjs Swg s ), VO,

where ¥(.) and ®(.) are unknown functions.

However, the model of intermediate inputs trade predicts that productivity in country v
is related to R&D in country w # v only to the extent that conntry v employs imported
intermediates from country w. This should depend on country »’s bilateral import share

from w, denoted m!

w?

(the import composition effect) as well as conntry »’s overall import

107 assime that only inputs of type j are productive in any country’s j sector, corresponding to the
olten highly specialized nature of machinery inputs for particular industries. A study that also examines
inter-industry techinology flows is Keller (1998a).

UExceptions to this include Grossman and Helpman (1990), Feenstra (1996), and Aghion and Howitt
(1998, Ch. 12).



share, which is denoted by m,,. At the industry level, this means:

F=® (SM, Sejs M, M, ) Vo, J. (2.7)

wy

Oune can think of the import shares in (2.7) as indicating the probability of receiving a new
type of foreign intermediate. This is certainly the right interpretation in the extreme case
when 2 = 0. Other than that. there is no necessary link between the level of imports and
the number of newly introduced intermediate goods types in the local cconomy.'? However,
Grossman and Helpman (1991, Ch. 6.5) discuss several reasons of why it is likely that
the number of new varieties emploved from a partuer country is positively related to the
import volume from that country. This is also the assumption that guides the empirical

specifications in section 4 below,

3. Data

This paper employs data for cight OECD conntries in six sectors according to the Interna-
tional Standard ludustrial Classification (1S1C) as well as the Standard International Trade
Classification (SITC). for the vears 1970-1991. The included countries are Canada, France,

CGermany, ltaly, Japau. Sweden, the United Kingdom, and the United States; hence, the G-7

2Especially if one also considers indirect cffects, such as the possibility that importing leads to local
learning through reverse engincering and the subsequent invention of new inputs, it becomes clear that the
volume of imports is an imperfect measure of the increase in varicties which are available domestically.
An interesting alternative, although not without problems of its own, has been considered by Klenow and
Rodriguez (1996) who postulate that the nwmber of dillerent intermediate good varieties is related to the
number of different trade partuers a country has.
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group plus Sweden.

I use the following breakdown by sector (adjusted revision 2): (1) ISIC 31 Food, bever-
ages, and tobacco; (2) ISIC 32 Textiles, apparel, and leather; (3) ISIC 341 Paper and paper
products; (4) ISIC 342 Printing; (5) 1SIC 36 & 37 Mineral products and basic metal indus-
tries; (6) ISIC 381 Metal products. All sectors belong to ISIC class 3, that is, manufacturing.
In these sectors, the reliability and comparability of the measurement of inputs and outputs
is high compared to non-manufacturing sectors.

The data on imports of machinery comes from the OECD Trade by Commodities statis-
tics, OECD (1980). I have tried to identify machinery imports which will with high likeli-
hood be utilized exclusively in one of the above manufacturing industries. These commodity
classes are (Revision 2) SITC 727 Food-processing machines and parts, providing inputs
to the ISIC 31 industry; SITC 724: Textile and leather machinery and parts (correspond-
ing to ISIC 32); commodity class SITC 725: Paper & pulp mill machinery, machinery for
manufacturing of paper (corresponding to ISIC 341); commodity class SITC 726: Printing
& bookbinding machinery and parts (corresponding to ISIC 342); commodity classes 736 &
737 Machine tools for working metals. and metal working machinery and parts (correspond-
ing to ISIC 381); and, by SITC classification. Revision 1, commodity classes 7184 & 7185:
Mining machinery, metal crushing and glass-workiug machinery (corresponding to 1SIC 36
& 37). The bilateral trade relatious for these SITC classes are given in full in Tables A-1 to

A-6 in the appendix.

13Gee the appendix for more details on data sonrces and the construction of the variables.
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Data from the OECD (1991) on R&D expenditures by sector is utilized to capture the
ranges of intermediate inputs, 7. This data covers all intramural business enterprise ex-
penditure on R&D. Because none of these industries has a ratio of R&D expenditures to
value added of more than 0.5%. it is reasonable to asswne that insofar as their productiv-
ity benefits from R&D ac all, it will be to a large extent due to R&D performed outside
the industry. However, there is no internationally comparable data on machinery industry
R&D towards products which are used in specific industries. Therefore. I assume that R&D
expenditires towards a sector j’s machinery inputs is equal to a certain constant share of
the R&D performed in the conntry’s nou-electrical machinery sector (1SIC 382), where all
specialized new machinery inputs ave likely to be invented . R&D stocks are derived from
the R&D expenditure series using the perpetual inventory method, and descriptive statistics
on the cumulative R&D stocks are given in the appendix, Table A-7.

The TEP index is constructed using the Structural Analysis Industrial (STAN) Database
of the OECD (1994). The share paranmeter o is. by profit maximization of the producers,
equal to the ratio of total labor- to production costs. As emphasized by Hall (1990), using
cost-based rather than revenue-based factor shares ensures robustness of the TIFP index in
the presence of imperfect competition, as in the model sketched above. Building on the
integrated capital taxation model (see Jorgenson 1993 for an overview), 1 construct cost-
based labor shares. The variable { is the munber of workers engaged, directly from the

STAN database. The measure of y is gross production, which also comes from the STAN

Y This constant share is the share of an industry in employiment in total manufacturing employment, over
the vears 1979-81; the emplovinent data is fromm OECD (1994).

12



database. The growth of the TI'P index I is the difference between output and factor-cost
share weighted input growth, with the level of the s normalized to 100 in 1970 for each of
the 8 x 6 time series. In Table A-8 of the appendix, summary statistics for the TP data

are show.

4. Estimation Results

I will now present estimation results for different specifications of the function ®(.) in equa-
tion (2.7) above. The first section disensses TP level estimation results, whereas below, 1

report estimation results for TITP growth rate regressions.

4.1. TFP Level Specification

Consider the following specification

log £ = pd; + oud, + Ao Am? og Sei ) + €40, Yo .t 4.1
¥ AR cy ¥ ]

co (77N

Here, the ¢ subscript indexes a period £, and ¢ indexes any of the eight G-7 plus Sweden
countries in owr sample (denoted as the set G75 in equation 4.1). Further, d; and d, are
industry-, and conntry- fixed effects, respectively. In this specification, the TP level in
any industry is related to cunmnlative RED of the same industry in all eight countries. The
domestic weight, .. Vo, j, is set to one, and the weights of the partner countries are given

by the bilateral import shaves: Y, my,; = 1, Ve, j. The cight country-elasticities 3, are



constrained to be the same across importing countries.!®

In equation (4.1), the import shares pick up differences in import composition across
countries, which according to the theory affect the degree to which the importing country
benefits from foreign technology. The specification also implies that two countries with the
same import composition but different overall import shares benefit to the same degree from
foreign R&D-which is unlikely if a higher overall import share increases a country’s chance
to benefit from foreign technology. Following Coe and Helpman (1995), the contribution of
a country’s openness to imports for a given import composition can be modeled through

including the overall import share, m,;, into the specification!®

log Fyjt = pid; + 6udy + Z 0. (m,,j me; log Scjt) + Eyjt- (4.2)
ceGTS

I will refer to a specification without the overall import share, as in (4.1), as NIS, whereas
a specification with the overall import share is referred to as 15.17
Both specifications, equations (4.1) and (4.2), might be subject to simultaneity and

omitted variable bias. Either of these two problems would imply that the ordinary least

5Estimating eight (3, parameters differs from Coe and Helpman (1995) who instead estimate one pa-
rameter for the effect from foreign R&D. In addition, here, the bilateral import shares enter linearly, not
logarithmically.

16For the own R&D effect, My; is chosen such that m,; my;log Scje = log S¢je, Vv, 5,1, i.e., my; then equals
one.

17Lichtenberg and van Pottelsberghe (1998a) criticize Coe and Helpman’s (1995) specification with the
overall import share, IS in my notation, because it implies an indexation bias. Their criticism does not apply
here, because I have not indexed the R&D stocks. Lichtenberg and van Pottelsberghe (1998a) also point
out that Coe and Helpman’s weighing scheme suffers strongly from an aggregation bias (country mergers
or break-ups would affect the estimated spillovers strongly). I have not investigated this question in the
present context, but Wang and Xu (1996) contains a comparison of the weighing schemes proposed by Coe
and Helpman (1995) and of Lichtenberg and van Pottelsberghe (1998}, as well as a third which is proposed
by Wang and Xu (1996) themselves.

14



squares (OLS) estimates are inconsistent, because the regressors and the error term are
then correlated. Oue aspect of this is that becanse productivity and R&D are both trending
upwards over tinie, part of the estimated correlation between the variables in (4.1, 4.2) could
be due to a common trend. In addition, the error could also contain price or demand shocks
that affect productivity and R&D jointly.'®

To some extent, however, these problems can be reduced by imposing reasonable a priori
restrictions ou the dependent variable, TP [urther, the importance of spurious correlation
due to conmnon trewds can be assessed by comparing level regressions with results from
arowth regressions which 1 present in the next scction, because in the latter, the time-
differencing eliminates commnion treuds,

Even with a growth specification, however, there is still the possibility that exogenous
shocks in the error are correlated with changes in R&ED activity. The solution to this problem
is typically instrumental variable (1V) estimation. However, a standard choice for instru-
menting quantity series, namely real factor prices, is not available in the R&D context.
Morcover. it is hard to obtain data on other variables that would provide goods instruments
for curnnlative R&ED stocks that exist for all conntries, industries, and years in this sample.

If no good instruments are available. consistent parameters can still be estimated in the
panel context throngh the inclusion of a full set of fixed effects, provided the error can be

decomposed into a permancnt compouent that affects the regressor and into another, tempo-

18Tn the following T draw on Griliches (1979, 1995).

19800 the appendix for some details. Several of my choices are designed (o reduce the probability of
spurious spillover findings that have been alleged, e.g., by Basu and Ternald (1995) in a different context.

2T appendix E, T also discuss TFD level regressions that include time fixed effects, for comparison
purposcs.



rary, component that does not: the part of the crror that is correlated with the regressor will
then be subsumed into the estimated fixed effect. However, Griliches and Hausman (1986)
show that this procednre of including a large nmmber of fixed effects exacerbates errors in
variables problems, which are also likely to be present in this context. The productivity
level specifications above together with the growth specifications reported below represent a
compromise among these considerations, and further auxiliary regressions are discussed in
appendix E.

Results for the specifications (1.1) and (1.2) arve given in Table 1, with standard errors
in parentlicses: a **(*) denotes that a parameter is siguificantly different from zero at a
5(10)% level. Irom Table 1, oue sees that all countries” R&D stocks are estimated to have a
significant and positive influence on the TIP level of the receiving country, The magnitude
of these effects, however, varies snbstantially, with. e.g. for the second specification, a low
for Germauy with 1.9%. and a high for R&D from Sweden, with 27.6%. The specifications
account for a third to one half of the variation of the TI'P indices across countries, with the
higher R? for the V1S specification.

One might ask whether the results really say anyvthing about the international diffusion of
technology: to what extent do these results depend on correlating TFP to R&D, as opposed
to physical capital. for instance? Perhaps teclimology is embodied in the physical capital
stocks of the conntries. and correlating TP to foreigu capital stocks would produce similar
results as correlating productivity to foreign RED. To examine this, [ have constructed these

physical capital stocks. denoted by /¥y, and used them instead of the R&D stocks Sy in

16



the specifications (4.1) and (4.2).?! In the NIS specification (4.1), the result of substituting
K, for Sy;: is a drop in the R? from 0.472 to 0.169, and for the I.S specification (4.2), the
R? also falls substantially, from 0.357 to 0.179. Thus, variation in R&D levels accounts for
much more of the variation in TFP levels, suggesting that cumulative R&D captures better
the economies’ stocks of technology than physical capital does.

The result that high stocks of weighted foreign R&D are associated with high domestic
levels of productivity is interesting, but as such it does not say much about the importance
of the fact that the weighing variables are the observed bilateral import shares. Interpreting
these shares as the probability that the importing country receives new intermediate inputs
from a partner country, a natural question to ask is how the estimated parameters would
look like if we had employed a different set of probability weights, corresponding to different
import patterns. This is what the following Monte-Carlo experiments show.??

Here, 1 address two different questions: First, conditional on the effect from domestic
R&D on productivity, is there evidence to assume that the composition of intermediate
imports trade matters for productivity growth across sectors? Second, is there support for
the hypothesis that there is a distinction between effects on productivity resulting from

foreign as opposed to domestic R&D?

21The variables K,;; are based on the estimated capital stocks in the non-electrical machinery industry of
the countries (ISIC 382); their construction is analogous to the R&D stocks Sz, see section 3 above.

22 Another approach to gauge the importance of the mg; might be to simply drop them from specifications
(4.1) and (4.2). In the specification corresponding to (4.1), only two out of eight parameters 3. are estimated
to be significantly different from zero, that of Japan at —2.02, and that of the U.S., with 1.37. If the
bilateral import shares in (4.2) are dropped, then only the parameters 8, for Germany, Italy, and Sweden are
significantly positive, while that for France is significantly negative and those of the other countries are not
significantly different from zero. Clearly, according to this test, the bilateral import shares matter. What is
not clear so far, however, is that the import composition matters, too, or only the fact that the m¢; are not

equal to one; see the analysis below.
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4.1.1. Does the productivity performance reflect the composition of intermediate

imports?

In the following experiments. I will exchange the bilateral import shares of a given importing
country randomly. Let b denote a specific Monte-Carlo replication, b = 1, ..., B. The exper-
iments are constrained such that only the composition of the international demand is ran-
domized. That is, the results are conditional on the domestic R&ED effect: 03,(0) = 1, Vv, 5, b.

For all w # v, this means

-3 —

0,,;(0) = my; with Pr =

, g € GTS \v,VYv,w, . (4.3)

The 05,;(b) are constructed such that 32, 05,,(0) = 1. that is, any observed import share is

. 2 Y . . .
assigned only once.?® The two specifications are

log I, = pyd; + dpd, + Z . (();’j(b) log S(.j,> + €451, VU, J, 1, D, (4.4)
ce(i7S
and
log [%,0 = pyd; + dpd,, + Z . (m,,j ():fj(b) log 5'(7.,.,1) + £y, YU, j, 1, 0. (4.5)
CCGTS

Hlor a given industry and inporting country, I draw seven numbers fromn a uniform distribution with
support [0,1]. Thesc are matched with the seven observed import shares to form a 7 x 2 matrix. This
matrix is then sorted in ascending order on the random number cohunn. In this way, the probability that
any import share o) (D) 1s equal to the value g, all w, is equal to 1/7. A new sequence of trade relations
(the seven mmbers from the uniforin distribution with support [0,1]) is drawn for every iimporting country

and every industry, making a total of 8 x 6 = 48 wdependent sequences.
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The results of these two experiments, for B = 1000, are shown in result columns two and
five of Table 2. Displaved are the averages A.(b) and the standard deviation of A.(b), in
parentheses, for cach of the eight R&D stocks. The average estimates of /3, are, in 75% of
the cases, significantly different from zero and positive. In addition, these coefficients are
sometimes smaller. and sometimes larger than those obtained employing observed import
shares: no clear pattern can be detected. Moreover, the regressions which employ randomly
exchanged import shares acconnt for a slightly higher share of the variation in productivity
lovels than the observed-import share regressions.

The fact that it is not necessary to impose the observed import shares to estimate sig-
nificant international R&D spillovers parallels the finding of Keller (1998D) that one cannot
test the hypothesis of the R&D-trade pattern-TEP link by simply examining whether the
parameter estimates are positive, or how high the 1R? of these regressions is. Obviously, the
regression results are to some degree nvarlant to the weights with which the R&D stocks
are multiplied. This would be trivially so if the R&D stocks of different countries are equal
in size and move together over time. However, as shown in Table A-7 in the appendix,
there are considerable differences in the cummlative R&D stocks of different countries. In
addition, Figure I shows that the RED stocks of different countries exhibit neither growth
at approxinately the same rates, nor do they rise and fall simultaneonsly.?’ Therefore, this

explanation. at least in its extreme form. canuot be the reason for the finding that the

20The average annual vate of growth of the R&ED stock estimates ranges from 3.64% Jor Canada to 11.88%
for Ttaly; and the standard deviation of these growth rates for different four-year subperiods across countries
ranges Trow a low of 2.87% (1978-82) to a high of 5.15% (1970-71).
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parameter estimates are to some extent invariant to exchanging the import shares.

Another interpretation of these results is that even though the import composition of
countries matters, conditional on the effect from own R&D, its impact is limited. It is
important to realize that the effect of a conntry’s import composition on its productivity is
primarily identified from particularly low and particularly high import shares. Clearly, if all
countrics would import from their partners to the same extent, the exchanging of bilateral
import shares would have no effect on the regression results at all.

This notion will be made more precise below. At this point, it is worth noting that the
parameters for R&ED from Canada and the US are estimated very imprecisely and often not
different from zero at standard significance levels in Table 2, equations (4.4, 4.5). This is
consistent with the idea that the trade-related effect from R&D is primarily identified from
countrics with ‘extreme’ trade patterns: according to Tables A-1 to A-6 in the appendix,
the US is the only conntry in this sample that imports a relatively large share from Canada,
and conversely, Canada imports between 70-80% from the US. Hence, the US and Canadian
trade patterns differ substantially from a symmetric trade pattern in which countries import
equal shares from all partuers. [t is notably techuology flows from these countries that do
not significantly affect productivity anymore once the import shares are randomized.

In the following section, [ will include the weight on domestic R&ED into the randomization
experiment to ask whether it matters for productivity whether the technology is created

abroad or domestically.
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4.1.2. Foreign and Domestic Intermediate Inputs: does it matter how much from

where?

In these experiments, I exchange the observed bilateral shares randomly, including the weight

on domestic R&D, equal to my; = 1, Yo, j. This means that any bilateral import share in

1:

replication b, a/;(h). is equal to

apy 5 e o= |
1 with Pr = ¢
ol(h) = Yo, e, (4.6)
R S|
my-; with Pr= ¢
Becanse g, = 1 aud 30, /.y, = 1, Ve, j. it holds that Y. 00(b) = 2, Vv, j. Hence, the

experiment allows to nuderstand whether, conditional on the ex-ante chosen value for My; =
1, Vo, 7, it 1s important to distinguish between embodied technology in intermediate inputs
from domestic. on the one hand, versus from foreign producers, on the other. The equations
are

log £5,5, = jud; + 6d,, + Z I (rf('J(b) log S(,ﬂ> + 240 V0, v, g0 (1.7)

cc (775

for the specification without overall import share (NV1.5), and, for the 1.5 specification:

log [5,5, = jul; + 5dd,, + Z 3, (711‘,,] a.(h) logSCﬂ) + i V0w, Lt (4.8)

o
cc (TS

The results are shown in Table 2. thivd aud sixth resule cohunns. Iu the table. [ report the

average slope estimate 3.(0) from 3 = 1000 replications, as well as the standard deviation
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of 3.(b) (in parentheses) and the average 122,

The Moute-Carlo experiments result in coefficient estimates which are in 75% of the
cases statistically indistinguishable from zero at a 5% level. For the model (4.7), half of the
coefficient estimates are not siguificant. and noue of the 4, estimates for the model (4.8) is
significant. The average 22 in cohunu two, with 0.522, is larger than for the corresponding
observed-data regression. This is somewhat surprising, but the finding could well be spurious.
Overall, the result that parameter estimates tend to he not significantly different from zero
in the Moute-Carlo experiment implies that if intermediate input usage, from abroad or
domestically, is deternmined randomly. there is uo statistically significant relation between
R&D and productivity anviore.

To sunnnarize. there are significant and (quantitatively important productivity effects
from R&D if the domestic source of technology diffusion is distinguished from foreign sources
while one fails to estimate a robust relationship between R&D and prodnctivity if domestic
and foreign sonrces are treated svmmetrically. [t follows that the source of technology
diffusion. whether domestic or foreign, marters. Moreover. because the domestic R&D weight
1y 18 set to equal one, Yo, j, whereas onlv the sum of forcign R&D weights equals one
(Zwre iy, = LVo, j). the comparison of the observed-share results and the randomized-
share results snggests that domestic RED has a stronger impact on productivity than R&D
from the average foreign conntry. This result suggests that international technology diffusion
might be nationally, or. more generally, geographically localized for these countries,

In-appendix E, I disenss some anxiliary regressions that inclnde more fixed effects and a

[N
[N



time trend in the basic specifications (4.1) and (1.2). Overall, the results in the appendix
suggest that the findings above ave fairly robust. 1 now twn to specifications based on

productivity and R&D growth rates.

4.2. TFP Growth Estimation

The TEFP vrowth specifications corresponding to (4.1) and (4.2) above are
e} O

AL, AS;

gyt / o U eyt ~ . N /

N (g + E Be | My < + Eujt, VU, 7, L, (4.9)
ujl ce TS eyt

Ar

where denotes the average annual growth rate of any variable x, and my; = 1,Vv, j. The

specification which includes the overall iinport sharve is given by

A , L AS A
—1—7—&:(10+ Z B | 1y 1, =t + 20 VU, gL, (4.10)

cj N
1('“]-’« co (G775 ‘SCJI)’

where the value of the import shave from o, m.,;, is again set equal to one, Ve, 7. Dividing the
period of obscrvation into five subperiods of approximately four years each, these regressions
have 240 observations. The results are shown in Table 3, result columns one and three.?
All slope coefficients are estimated to be positive, although only in the quel which
includes the overall iimport share, 1.5, all estimates are significantly different from zero at a

5% level. The latter appears to be the preferred specification in this class of models, which

2 The fact that specifications (1.9) and (1.10) do not luclude industry- or country lixed-effects means that
these industries are assumed to share a common growth rate. In reality, this assumption might be violated,
and T have run somne auxiliary regressions that include industry- and country fixed-effects into these growth
regressions. In most cases, these fixed eflects ave not estimated to be different from zero at standard levels
of significance, so [ do not include these lixed effects here. See appendix E for more details.
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is in line with the arguments given above as well as with the findings in Coe and Helpman
(1995), even though the 22 here is lower in the 1S than in the NS specification.

The results of the corresponding Monte-Carlo experiments are shown in result columns
two and four of Table 3. Coutrary to the TI'P level regressious above, in Table 3, only the

results couditional on the effect from domestic R&D-exchanging only the import shares—are

presented. The specifications arve

.A[‘;, . s —XS('," .
—J;—"—Ez(x'()+ ST 0;;,.(1))71—‘ + 200, Voot (4.11)
vt cc (7S eyt
and
AL , AS. _
T =gt YD B (g 04 (0) = ) 4 £, Wby vt (4.12)

Al Al
j/vjl, ‘S(’ﬂ

cc (7S
For each of these two experiments. [ conduct 1000 experiments. All Monte-Carlo based coef-
ficients are estimated to be significantly above zero, confinning the carlier results from pro-
ductivity level regressions. Morcover. the mean estimates from the Monte-Carlo experiments
arc very similar to the coefficients in the corresponding observed-trade share regression. For
instance. a 95% confidence interval for the coefficient of Canada in 1.5, (4.12), is given by
0.427 4+ 2 % 0.022. Given that this interval also includes the estimate for the import-weighted
R&D effect from Canada when cnploving observed data (with 0.115), this implies that the
Canadian trade-related R&D effeet is statistically not different from a randomized Canadian
R&D effect, as captured by the average Monte-Carlo estimate. The only parameters J. that

are significantly different in the randomized-share results, compared to the observed-share



results, are for Sweden in the 1.5 and for Japan in the NS specification.

In the following scction. 1 will show Low the exchanging of the import shares is related to
an ‘average’ spillover effect from foreign R&D. urther, it will be determined whether there
1s a marginal contribution from the pattern of international trade to international technology

diffusion.

5. Separating Trade Pattern-Related from Average R&D Spillovers

5.1. Monte-Carlo Experiments and Average Foreign R&D Spillovers

Consider the average of a particular off-diagonal R&ED weight across the 3 simulations,
ol (b) = L3, 00 (0), Y # v, Because the exchanging of the 1 is independent and identi-
cally distributed (ii.d.), as B — oc. this average will be the same for all, o7 (b) = o(b), Vv, w.
[urther, with 7 trade partuers for any hmporting country, given that 7x a(b) = 1, it is the
case that o(b) = 1/7.% Hence. for any partuer conntry’s R&D variable across all B replica-

tions.

1 CASL\ ASL Y00 ()
- .[,‘ [ / — ¥ ( w — (
sz: 7 )5 g 3 ()

wdury Ry

A Su; 9
S

sy

Y # .

Therefore, across all B replications. the average regressors are the average annual growth

AS,, s - ¢ . AS,
rates, T/ w # v, wmultipliecd by o(b) = 1/7 for all partner countries, and = as the
Dy Dy

own-country R&D variable. Note, Lhowever, that the coefficients reported from the Monte-

20This arguinent. applics (o any particular way of creating random import shares as long as it is i.i.d.
and imposes »° 70 (0) = 1,Vh, v It encompasses the procedure in Keller (1998b) and also randomizations
that create arbitrary random shares, as opposed to randomization through exchanging the observed import

shares; as in this paper.

o
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Carlo experiments are averages across the OLS estimates from 1000 replications, not OLS
estimates from employing the average regressors. Nevertheless, as I show in appendix D, the
two will be very similar under certaiu circumstances, both because the regression equation
is lincar and because the trade weights cuter the specification linearly. The Monte-Carlo

based estimates cau then be viewed as estimating average R&D spillover effects. In Table 4,

I present the following average R&D spillover regression?’

—Xj'wjl
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S + £ gt (-. .
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ot
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~—

= vy + Z ARETIE el ()

o (475

For convenience, 1 have reproduced the corresponding Monte-Carlo based results from Table
3. Comparing these two regressions. it is clear that the Monte-Carlo averages indeed estimate
the "average’ R&D spillover effect; the maxinum relative difference between the estimated
parameters in colnmus four and five is two percent (18.53% versus 18.9% in the case of

Sweden).

5.2. Estimating the Contribution of Trade Patterns in Accounting for Produc-
tivity Growth across Countries

The previons section snggests a direct way of assessing whether there is a marginal inter-

national R&D spillover which is related to the patterns international trade. Consider the

2T The following regression is feasible hecause the weight for own RED is set to equal one. If this were
Bot the case, the average spillover regression would not be feasible hecanse the regressor (r(b)—LL would not
vary by importing country. See the disenssion in Lichtenberg (1993) on estimating the impact of a general

R&D spillover effect that is the same [or all countries.

2The estimated standard deviations in these two regressions are not comparable.



following regression:

+ E'th, (5.?_)

AFy; , AS,; ) -y AS;
T—”— = (v + Z ;’)’({ Ty a(h)—;——ﬁ + Z /7’({] My <mgj — a(b)) —ut
vyt *S(-jt

ce (778 ccGTS Scjt

The eight regressors with parameters 37 measure the average R&D spillover effect, and the
cight 37 coefficients estimate the marginal trade patterns-related effect, if any. In particular,
if there is no separate ceffect of international R&D which works through the patterns of
international trade, then the cocfficients J7 will be equal to zero, and the regression (5.2) will
explain as much of the variation in productivity growth rates as the average R&D spillover
specification (5.1). The result of this comparison is seen in Table 5. The specification allowing
for an additional trade pattern-related R&ED spillovers effect explains more of the variation
in TEP growth rates than the specification which captures solely the average R&D spillovers
effect, with an adjusted 122 of 9.6% versus 7.8%, respectively.  Therefore, the marginal
effect of the bilateral trade patterns contributes about 20% to our ability to account for the
productivity growth effects from international R&D spillovers.?”

The 4 point estimates in Table 5 can be iuterpreted as follows: The negative coefficient

for Canada. for instance, means that industries which had imported overproportionately

29Ty Table 5 the adjusted R? is showu, as the number of regressors i the two specifications differs. 1
have considered analogous regressions to (5.2) for the growth specification without the overall iinport share
(NIS), as well as for the TTD level regressions NS and IS to check the robustuess of this finding. In
thie level NIS specification, T estimate a contribution of hilateral trade patterns to accounting for the total
international R&D spillover effects ol 7.8%: in the 1S specification, it s 26.5%. In these cases, the restricted
regression setting the 417 coellicients 1o zero is rejected at all standard levels of siguificance. In the NIS
growth specification, however, uo significant margival trade-related RED spillover effect is estimated. Hence,
while not perfectly robust, generally, the pattern of bilateral trade is estimated to contribute significantly to
understanding the (otal productivity ellect from foreign RED, and in the preferred specification, it is about

20%.

[N
=1



(that is, more thau 1/7 per cent) from Canada have experienced on average a lower rate
of productivity growth. The effect is estimated to be positive for France and Japan, and
negative for all other conntries; however, it is ouly in the case of Canada significantly different

from zero at a 5% level.

6. Conclusion

I this paper. I have examined the evidence on technology diffusion and productivity growth
through imports of new intermediate capital goods. Along the lines of recent theory on R&D-
driven growth and trade. an empirical model has been developed where domestic productivity
is related to the munber of varicties of differentiated inputs from abroad which are employed
domestically. Based on the hypothesis that these ranges of varieties from partner conntries
are related to iiports from those countries. [ estimate the relation between domestic as well
as import-weighted foreign R&ED aud domestic productivity.

We have seen. first. that there is evidence that these countries benefit more from domestic
R&D than from R&ED of the average foreign conntry.  Second, conditional on technology
diffusion from domestic R&ED, the import composition of a country matters, but only if it is
strongly biased towards or away from technological leaders. Third, I estimate that differences
in technology inflows related to the conntries” patterns of imports explain abont 20% of the
total variation in the countries’ productivity growth rates.

What are the implications of this analysis for developing conntries (LDCs)? The results

suggesting that domestic R&D has a larger inflnence on productivity than R&D investments



in the average conutry abroad has to be qualified for LDCs, because many LDCs spend only
a fraction of their total technological efforts on formal R&D. But even taking this fact into
account, it is likelv that the contribution of foreign sources of technology is larger than that
of domestic sources for mauy LDCs.

To coutirm this conjecture requires high-quality industry-level measures of productivity
and technological efforts in LDCs, which are often diffienlt to obtain. The conjecture that the
relative coutribution of foreign sowrces of technology is higher, the smaller is the country’s
relative contribution to the world’s pool of technological knowledge, seems to be confirmed,
however, by results in Keller (1999): there, [ estimate that in nine smaller OECD countries,
the R&D of the G-5 countries (US. UK. Japan, Germany and France) taken together leads
to productivity effects that are wore thau twice as large as those from own country R&D
INvestInents.

Given the relatively higher importance of foreign sonrces of technology for a typical LDC
compared to the countries in this sample, oue shonld expect that differences in overall im-
port share and import composition have both a stronger effect on differences in productivity
growth in LDCs than I have estimated in this paper. Intermediate Input imports are con-
tributing to the international diffusion of technology, and hence to the trausfer of technology
to LDCs. A\ higher share of trade benefits that process, all else equal.

Further, the composition of imports matters. Productivity growth in a typical LDC might
not depend too muel on whether it imports to 50% from the U.S. and to 30% from Japan,

or to 30% from the U.S. and to 50% from Japan. But productivity is likely to be much lower
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in this LDC if it were to change its import patterns so as to import a much lower share from
the U.S. and Japan taken together, and at the same time increase its share of imports from
other LDCs that are not technology leaders in the world. rom the results above we have
seen that the relative import shares help to explain productivity growth in the importing
country, even though the available technological knowledge in any of the countries is high
relative to a tvpical LDC. Relative to this, the impact of a change in the import composition
on productivity is likelv to be an order of magnitude larger if LDC trade patterns shifted
substantially hetween the gronp of countries that are technological leaders and those that

are followers in the world today.



TABLE 1

TFP Level Specification; 1056 observations

Count Model Model
CURY L q) (4.2)
0.101** 0.201**
CAN 1 (0.027)) (0.043)
0.200" 0.236%
FRA (0.019) (0.024)
0.07T 0.019"
GER (0.009) (0.009)
. 0.066™ 0.083"
(0.014) (0.015)
0.068" 0.127
JAP (0.014) (0.020)
0.206° 0.276%
SWE | (0.022) (0.025)
0.188" 0.150%
UK (0.022) (0.027)
0111 0.080~
USA (0.007) (0.011)
R 0.472 0.357




TABLE 2

Total Factor Productivity Levels Regressions; 1056 observations

NIS Specifications

IS Specifications

Observed Imp. Shares Shares (8) Observed Imp. Shares Shares (8)

Shares Exchanged Exchanged Shares Exchanged Exchanged

Eq. (4.1) Eq. (4.4) Eq. (4.7) Eq. (4.2) Eq. (4.5) Eq. (4.8)
CAN 0.101* 0.159 0.191 0.201** 0.104 0.026
(0.027)) (0.081) (0.097) (0.043) (0.085) (0.253)
FRA 0.209** 0.161** 0.132 0.236** 0.180** 0.028
(0.019) (0.063) (0.068) (0.024) (0.081) (0.156)
GER 0.071* 0.118* 0.115* 0.019** 0.128** 0.107
(0.009) (0.042) (0.052) (0.009) (0.049) (0.132)
IT 0.066** 0.087** 0.134 0.083** 0.083** 0.243
(0.014) (0.028) (0.080) (0.015) (0.028) (0.308)
JAP 0.068** 0.103** 0.123** 0.127** 0.097** 0.034
(0.014) (0.043) (0.053) (0.020) (0.046) (0.136)
SWE 0.206** 0.172* 0.147* 0.276** 0.253** 0.200
(0.022) (0.053) (0.072) (0.025) (0.042) (0.244)
UK 0.188** 0.134** 0.134 0.150** 0.165 0.028
(0.022) (0.064) (0.067) (0.027) (0.086) (0.129)
USA 0.111** 0.082** 0.108** 0.080** 0.081 0.035
(0.007) (0.039) (0.043) (0.011) (0.044) (0.092)
R? 0.472 0.490 0.522 0.357 0.379 0.260




TABLE 3

TFP Growth Specification; 240 observations

NIS IS
Observed Imp. Shares Observed Imp. Shares
Country Shares Exchanged Shares Exchanged
Eq. (4.9) Eq. (4.11) Eq. (4.10) Eq. (4.12)
CAN 0.351* 0.383* 0.415** 0.427~
(0.178) (0.122) (0.158) (0.022)
FRA 0.437** 0.431** 0.503** 0.512**
(0.139) (0.078) (0.141) (0.018)
GER 0.198** 0.210** 0.235** 0.252**
(0.067) (0.027) (0.060) (0.009)
IT 0.093* 0.126** 0.151** 0.157**
(0.054) (0.030) (0.053) (0.007)
JAP 0.068 0.077** 0.166** 0.169**
(0.076) (0.037) (0.080) (0.010)
SWE 0.153** 0.155** 0.172** 0.189**
(0.072) (0.037) (0.070) (0.008)
UK 0.380** 0.358** 0.493** 0.508**
(0.153) (0.077) (0.158) (0.018)
USA 0.137** 0.108** 0.173** 0.173**
(0.062) (0.024) (0.061) (0.009)
R? 0.127 0.134 0.105 0.109




TABLE 4

TFP Growth Estimation; 240 observations

Average R&D Imp. Shares
Country Spillover Exchanged
Eq. (5.1) Eq. (4.12)
0.426™* 0.427**
CAN (0.156) (0.022)
0.513** 0.512**
FRA (0.139) (0.018)
0.252** 0.252**
GER (0.062) (0.009)
IT 0.156** 0.157**
(0.052) (0.007)
0.167** 0.169**
JAP (0.080) (0.010)
0.185** 0.189**
SWE (0.069) (0.008)
0.508** 0.508™*
UK (0.157) (0.018)
0.173** 0.173**
USA (0.061) (0.009)
R? 0.109 0.109




TABLE 5

TFP Growth Estimations; 240 Observations

Average Average and Trade-
Spillover Spillover
Eq. (5.1) Eq. (5.2)
By 4 B
0.426** 0.389* —13.61**
CAN (0.156) | (0.231)  (4.30)
0513* | 0398~ 41l
FRA (0.139) | (0.181)  (3.39)
0.252** 0.126 —1.24
GER (0.062) | (0.083)  (0.82)
IT 0.156** 0.102* —-2.10
(0.052) | (0.061)  (1.43)
0.167* 0.129 1.44
JAP (0.080) | (0.086)  (2.28)
0.185** 0.165* ~1.22
SWE (0.069) | (0.090)  (2.19)
- 0508~ | 0310  —5.12
(0.157) | (0189)  (6.19)
0.173 | 0.157  —039
USA (0.061) | (0.067)  (0.84)
Adjusted 73 9.6

R2
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A. Import Flows Data

The specialized machinery trade data comes from OECD (1980). Sce Table A-1 to A-G
for the absolute values of imports between the countries in US dollars of 1980 and 1975,
respectively: The import data [ use for the first five industries is from 1980, exactly in the
middle of the period of observation; for the sixth hudustry, I have been nnable to obtain data
for 1980 according to SI'TC Revision 2, so data from 1975 for SI'TC Revision I is employed
for this industry. From these tables. the variable iy, o, the bilateral import shares of country

v with countrics w # ¢ in sector J is derived.

B. Data on R&D

The raw data on R&D expenditures comes from OECD (1991). However, R&D surveys were
not conducted anmmally in all conntries included in the sample over the entire sample period.
In the United Kingdom. for instance. they were held only every third year until well into
the 1980s. 1n Germany, R&ED data is collected only bi-annually, This required to estimate
about 25% of the all the RED expenditure data, which is done by interpolation.

The construction of the rechuology stock variable 7 is based on data on total business
enterprise intrammral expenditnre on R&ED for [SIC sector 382 (non-electronical machinery),
in coustant 1985 US dollars. aud it nses the OECD purchasing power parity rates for con-

version. The OECD code for this series s BERD. given in Table 9B of OECD (1991). I use



the perpetual inventory method to construct technology stocks, assuming that

N = (L—=0)1u |+ X, Vo, 80 =2,...,22
and (B.1)
71"{'] = y /:v
(g1 3--0.1)

The rate of depreciation o is set at 0.05. and ¢” is the average annual growth rate of n over the
period of 1970-1989 (the vear cudpoints for which there is data available for all countries).
Preliminary analysis using other values for the rate of depreciation such as 0, or 0.1, shows
that this does not influence the estimation results considerably. The denominator in the
caleulation of 1 is increased by 0.1 in order to obtain positive estimates of n; throughout.
As described in the text. the industrv-specific RED expenditures are derived by splitting
up the ISIC 382 stocks according to the emplovinent share of a particular industry in total

manufacturing ciplovinent over the period of 1979-81.

C. Labor, Physical Capital, and Gross Production

For these variables. the OECD (1991) STAN databasce is the basic source. It provides
internationally comparable data ou indnstrial activity by sectors. This includes data on
labor input, on labor compeusation. iuvestment. production, and gross production for up
to 19 3-cligit 1SIC industries (revision 2). The STAN fignres are not the submissions of
the member conntries to the OECD. but rather he OECD estimates based on them. In

particular., the OECD has tried to cusure greater international comparability; see OECD



(1994) for details.

In coustructing the TEP variable £, 1 consider only inputs of labor and physical capital
(tlmre is no data ou hmman capital by industry). Data on labor inputs [ is taken directly
from the STAN database (inunber of workers cugaged). This includes employees as well as
the self-cmploved. owner proprictors and uupaid family workers. The physical capital stock
data is not available in that database. but gross fixed capital formation in ciurent prices is.
I first convert the investinent flows into coustant 1985 prices. The deflators used for that are
output deflators. as investinent goods deflators were nnavailable to me. The output deflators
are derived from figures on vahie-added both in current as well as constant 1985 prices. both
included iu the STAN data base. The capital stocks are then estimated using the perpetual

inventory method, with-suppressing the industry subscripts-

/{,,{ = (l - ()i“) /i',;t | T+ '/:71.'(’.,,-5 1 Vl’,f = 2, ceey .22,
aud (C.1)
by = —el Yy,
t (-(/r/u‘ 61)

where ine is gross fixed capital formation in constant prices (land, buildings, machinery
and cquipment). ¢™" is the average aunual growth rate of e over the period 1970-1991,
and 0 is the rate of depreciation of capital. 1 nse conntry-specific depreciation rates, taken
from Joreenson and Landan (1993). Table A-3: Canada: 8.51%. France: 17.39%, Germany:
S ) : : A
17.4%, Traly: LLO%. Japaw: 6.6%. Sweden: 7.7%, the United Kingdom: 8.19%, and the
H « B le) 3

United States with 13.31%. These nmunbers, which are used throughout, are estimates for



machinery in maunfacturing in the year 1980.

According to cquation (2.1), a,;, is the share of the labor cost in production. Following
the approach suggested by Hall (1990). the a,,’s are not calculated as the ratio of total labor
compensation to value added (the revenue-based factor shares), both of which is included
in the STAN database. Rather. | construct cost-based factor shares that are robust in the
preserce of imperfect competition. For this the framework of the integrated capital taxation
model of King and Iullerton (see Jorgenson 1993 and Fullerron and Karayannis 1993) and
data provided in Jorgenson aud Landau (1993) are used. The effective marginal corporate
tax rate 7 is given by the wedee between before-tax (pg) and after-tax rate of return {(p),

relative to the former

e
P

(C.2)
Here, the variable of interest is gy, the user cost of capital. It is a function of the statu-
tory marginal tax rate on corporate income. available investiment tax credits, the rates of

depreciation. cte.

In the case of equity financing. the after-tax rate of retwrn is

p=1+T. (C.3)

where 7 is the real interest rate. and 7 is the rate of inflation. Jorgenson (1993) tabulates
the values for the narginal effective corporate tax rate, 7, in Table 1-1. Then I use the

[
<

so-called "fixed-r” strategy (Mhixed-” i my notation), where one gives as an input a real



interest rate and deduces 7. 1 this case, 1 use a value of 0.1 for the real interest rate, which,
together with the actual values of 7 allows. using equations (C.2) and (C.3) to infer py, the
user cost of capital. From Jorgenson’s Table 1-1 on 7, 1 use the values on ”manufacturing”
(the 1980 valnes given are used for 1970-1982 in my sample, the 1985 values for 1983-1980,
anud Jorgenson’s 1990 values are used for 1987-1991). This certainly introduces an error; in
addition. the Jorgenson Table 1-1 is derived from a "fixed-p” approach. as opposed to the
"fixed-r” approach ciploved here. Further, the results depend on the chosen real interest
rate. Also, 7 varies by asset type. and pis a fuucetion of the way of financing (equity versus
debt primarily). That is. there are several shorteomings in the constriction of the cost-based
factor shares due to unavailability of more detailed data. The chapter by Fullerton and
Naravanuis (1993) presents a sensitivity analysis in several dimensions. In addition, 1 have
experimented myself with different values for /. and found that the basic results presented
above do not depend on a particular choice for /. The main advantage of this approach is
that it nses all dara on thie nser cost of capital compiled in Jorgenson and Landau {(1993) to
arrive at a productivity index which is robust to deviations from perfect competition.
Having obtained the series on the user cost of capital p, and £, all what is left to obtain
robust wage shares o is to deflate the current price labor costs wl, available in the STAN

data base (again nsing sectoral onrput deflators). aud form

wl
= —. A
“ wl+ b (C1)

Labor and capital inputs together with the factor shares allow to construct a Thornqvist



index of total inputs £,

I3 I Ly
ety — 1 " o g [ i
105% (1”[ 1) = 5 * [(,hut + Q'UJLAI] 108 ((”,71)

(C.5)

+ % # [(L = cvy) + (L — gy )] log (ﬁ'—l-) .

This gives a series of growth of total factor inputs. Caleulating log differences of year-to-year
eross real production. and taking the differeuce between this and total input growth results
in the TP growth series. 2\ value of 100 in 1970 is chosen for cach of the 8 x 6 time series,

for all industries ; and countries .

D. Relation of Monte-Carlo Experiments and Average R&D Spillover
Regression

Consider, for simplicity. the model above with only oune regressor (with industry and time

subscripts are suppressed):

o CAS,
-j—l— =y + fﬁf'”'lll”(b)—?_/

©

£

e

Let

00 (b) = a(b) + 45 (b), Vb,



where 772 (0) is the deviation of the trade share from its expected valne-partner country-by-

partner conutry of 1/7. Then the OLS estimate of 3,(0) equals

S, (0 ()22t ) 5 (o) e St 4o (0)SPe S0
() = ( () S" i ) = ( ) all ho' Sw _Fu ),V().

5, (0 (0) 2 ) >, ([o0) + o (0)] A=)

2
-\‘—5) [ (1))] Vb, v, this means that the average

u

If the denominator is approximated by 37,
u

of the Monte-Carlo estimates. (D) = % > it (0) L equals

3 IVAS, A ey ASw AL
DS (o) S )2
2

() ~ SECTIERE
BE (32) o)

The right hand side can be rewritten so as to obtain

PO i e e e o 2 VL

() o] BT () 0]

(D.1)

Because S0 10(0) = 0. however, the second term in (D.1) will drop out, so that 3, (b) is
approximately equal to the OLS estimate of projecting A]—[L on 0(1))%’.1“. Clearly, how good
) v Dy -
. . . . 12 , 2 oo =\ -
the approximation above is depewds on how large {—\;—S] ({7/1;}([))] + 27}}5(())0(1))) Is, or, more
generally, A2 ([*//,‘“(b)] + 2//,',,({1)0(/))). I particular, if A, = log Sy, then the average Monte-
Carlo estitnate will differ more from the average spillover regression than if A, = '3—:4“ the
S

case presented i Table <



E. Sensitivity Analysis

The following briefly disensses the sensitivity of the results by considering a number of
alternative specifications for both the productivity level as well as the growth regressions.
First. as noted above. inchuding a fixed effect for cach indnstry allows in principle to estimate
cousistent parameters with OLS if the crror is of the form e, = w,; + 7. because the
correlation between error and regressor due to w,, will be subsnmed into the fixed cffects.
Including a separate fixed effecr for every industry leads to the following specifications,

analogons to (1.1) awd (1.2),

log I = Oy + Z . (71),:] log S(.ﬂ) + 450, V1, J, 1, (E.1)
ce (078
and
log £ = 0ujid iy + Z e ('/u,,._,, /n,::'j log S(,j,) + 2. Voo gt (E.2)
o (0TS

where d,; is dunnny variable that equals 1 for the conutry-iudnstry combination vy, and zero

vj
otherwise. This raises the munber of fixed effects from 6+8 = 11 as in the text to 6 x 8 = I8
here. The inclusion of more fixed effects raises the 22 for both specifications, from 0.472 to
0.755 for the VIS specification (without the overall import share), and from 0.357 to 0.746
for the 1S specification. In both specifications. even though the estimated parameters /3,

change from those reported in Table 1, all are significantly different from zero at a 1% level,

ranging from L1% (U.S.. N1S) to 6L.5% (Lrance, 1.5).



The further inclusion of a trend (denoted year), leading to

log IFj1 = avyear, + 6oy + Z /3. (mzj log S(_.ﬂ) + 2451, V0, J, 1, (E.3)
ceGTS
and
. . Lo - ' , ] v LQ o ~ : nly
log [4,50 = ayeary + 0, dy; + Z e (/11,,,.] Mg log Scﬂ) + & VU, g, 1, (E.4)
CCGTS

has the following effects. First. it increases the 22 slightly (to 0.757 from 0.755 for NS,
and to 0.753 frow 0.716 for £5). Sccond. it lowers the estimated parameters S in both
specifications; this is what one expects if there are common trends in levels. Now, the
estimates range from a low of 2.1% (U.S.. N/S) to a high of 140.1% (Irance. N1.S); on average,
thev fall by about 15-20%. However, ont of sixteen estimates /3, from the specifications (E.3)
and (E.1), thirteen parameters remain significantly positive at a 5% level, and the highest
p-valie of all sixteen estimates is 21.1%.

In the growth specifications. a major concern is whether all indnstries share a common

growth rate. Thus, [ run (1.9) aud (110) with industry fixed effects included:

N, . ) CASL } - .
vyt e GTS ~egl
and
A . , CAS )
—,—i =0;d; + Z BRI mz,j - gt Epjr YU, J. T (E.6)
‘[’7'.7/ C cc(i7TS ' ‘S‘jt .

For specification (E.5). 1 estimate one out of six industry fixed effects significantly differ-



ent from zero at a 5% level, and for specification (E.7), none of the industry fixed effects is
significant. The estimated paraweters 7. are affected very little,
Including country fixed-effects in addition to the industry fixed-cffects leads to these

specifications:

Al AS,.; _
- I/t = pudy, + 0;d; + Z Be | g, _S‘—fi + £y, VU, j, T, (E.7)
1] o (G575 cJ
and
Al A5, R
5 =+ Oy + Z Dy Mg C _/, + 2450 VO, (E.8)
iyt e (TS el

In specification (E.7), four our of fonrteen fixed effects differ significantly from zero, whereas
in (E.8). three out of fourteen fixed effects are significant.  Based on these results, the
evidence for different growth rates across industries is not very strong. Even when one
includes conntryv-by-industry fixed effecrs (that is, 6 x 8 = 18 fixed effects). only about thirty
percent of these are estimated to be significautly different from zero.

However. including successively more fixed effects reduces the number of R&D param-
oters 4, that are estimated to differ siguificantly from zero. For instance, in the growth
specification with overall import share. when country-by-industry fixed effects are included,
onlv the R&D stocks of Canada. Germany, the UKL and the ULS. are estimated to have
a significantly positive effect on produetivity (at the 10% level). This is to be expected in
a cross-ndustrv, cross-conntry TIPP erowth regression that does not exploit any between-

industry variation. thongh. Overall. this analvsis suggests that the results presented in the



toxt are fairly robust.



TABLE A-1

fromfto CAN
CAN 0
FRA 1398
GER 8513
IT 4292
JAP 290
SWE 1181
UK 3655
USA 63235
TABLE A-2

fromfto CAN
CAN 0
FRA 4151
GER 22409
IT 23122
JAP 11110
SWE 3558
UK 9953
USA 143551
TABLE A-3

from/to CAN
CAN 0
FRA 534
GER 9767
IT 794
JAP 2829
SWE 5245
UK 11990
USA 88992

Food-processing machinery imports (SITC 727)
(1980 US §)

FRA
938
0
30099
22397
38
1332
6274
12559

GER
113
7682
0
10812
1832
1225
4638
6196

IT
7
7231
18442
0
1709
608
3226
2838

JAP
2
1050
11268
2403
0
487
1679
8458

SWE
26
837
11446
1461
156
0
1800
2022

Textiles and leather machinery imports (SITC 724)

(1980 US §)

FRA
801
0
187433
78772
28372
5145
40817
27501

Paper & puip mill machinery imports (SITC 725)
(1980 US §)

FRA
1352
0
65245
32561
315
6911
9563
8093

GER
660
38542
0
68873
39832
8530
47110
33617

GER
278
25583
0
22365
7392
18014
12809
19794

IT
1232
49901

259344

0
22546
2181
42585
21479

IT
304
16619
47290

925
4779
8827
4411

JAP

207
3465
55555
15124

3864
8856
14106

JAP
2722
109
17197
353
0
1572
584
11152

SWE
38
1363
31400
6155
1966

6632
5167

SWE
85
4560
31354
1834
782
0
10580
7982

UK
915
4631
30004
7634
728
2310
0
23435

UK
2140
28705

116170

67436
40419
8713
0
49242

UK
919
13245
61340
10028
3831
7263

18720

USA
4141
3960
3€143
9431
8114
1916
8551

USA
21275
34619

262163

68070

139268

29519
53270
0

USA
35110
10501
68760
6125
11535
21098
8612



TABLE A4 Printing and bookbinding machinery imports (SITC 726)

(1980 US $)
from/to CAN FRA GER ) JAP SWE UK
CAN 0 441 272 543 153 309 2663
FRA 944 0 13589 13497 169 6140 31642
GER 18467 133716 0 105198 77149 41834 141982
IT 2320 26061 21148 0 10622 2711 20418
JAP 6224 4786 5332 3420 0 2227 21027
SWE 1543 10612 6074 853 3168 0 14519
UK 19206 25519 19636 19271 5219 9126 0
USA 158716 51574 43920 25469 25662 24677 73167
TABLE A-5 Machine tools, metal-working machinery imports (SITC 736 & 737)

(1980 US $)
from/to CAN FRA GER m JAP SWE UK
CAN 0 826 1904 295 1636 295 8508
FRA 9137 0 110469 50354 4034 11574 48758
GER 415486 318019 0 223334 87011 129441 288330
IT 11821 138858 154121 0 6504 23166 77445
JAP 30259 44462 122266 8507 0 28770 122686
SWE 8612 17788 45895 15588 4916 0 37929
UK 41064 58034 83115 44457 6081 25671 0
USA 608480 66698 72679 29627 93295 22344 161467
TABLE A-6 Mining, metal crushing & glass working machinery imports

(SITC Rev. 1, 7184 & 7185)

(1975 US §)
from/to CAN FRA GER IT JAP SWE UK
CAN 0 1517 341 312 453 294 2559
FRA 11738 0 78204 38841 1316 9063 49246
GER 22999 97060 0 47026 3687 25154 50335
IT 3503 26645 34749 0 141 1853 . 17079
JAP 13582 3700 16499 7454 0 654 13612
SWE 12421 10708 22294 9466 1739 0 19019
UK 19340 41885 23092 21204 1722 12348 0
USA 644606 75425 46474 22419 37028 18733 104457

USA
8573
8090
143425
51072
60713
14471
49020
0

USA
117564
46705
345307
63596
617156
52440
168590
0

USA
73438
32890
64832
22597
42338
10239
37783



Table A-7

By Country

By Industry

Table A-8

By Country

By Industry

Summary Statistics on Machinery R&D Stocks

(1985 US §)

Canada

France
Germany

Italy

Japan

Sweden

United Kingdom
United States

Food

Textiles

Paper Products

Printing

Minerals and Basic Metals
Metal Products

Mean

82.79
4174
1403.29
123.03
919.8
170.58
665.71
3379.03

1087.13
1363.09
337.83
576.61
1145.53
960.72

Standard Deviation

34.75
222.53
1148.55
143.1
670.24
98.33
305.32
2720.96

1535.52
2036.03

554.24
1079.07
1679.58
1457.14

Summary Statistics on Total Factor Productivity Growth

(Annual growth over 1970 - 1991)

Canada

France
Germany

Itaty

Japan

Sweden

United Kingdom
United States

Food

Textiles

Paper Products

Printing

Minerals and Basic Metals
Metal Products

Mean

0.0119
0.0256
0.0278
0.0207
0.0137
0.0205
0.0203
0.0149

0.0091
0.0217
0.0263
0.0141
0.0276
0.0178

Standard Deviation

0.0086
0.0102
0.0074
0.0188
0.0092
0.0198
0.0041
0.0088

0.0087
0.0108
0.0101
0.0096
0.0156
0.0098



