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Executive Summary

, This report uses two newly developed OECD databases to examine sectoral performance over the last two
decades for a dozen countries which include the United States, Japan, Canada, the four largest European countries as
well as the Netherlands and four of the Nordic countries. Performance is evaluated by constructing nearly a dozen
indicators which cover four broad areas of economic activity and which correspond to features affected by industrial
and technology policy: investment in plant and equipment, investment in R&D, international trade and structural
change. The focus of this report is on international comparisons at a sectoral level, because it is at the individual
. industries such as motor vehicles, computers and aircraft where the economic competition, and the trade fncuon is

the most keen.

The major findings are summarised below on an indicator by indicator basis, but the following broad trends
are evident when the individual pieces are combined into a more complete picture:

« Although the United States still holds a lead position in overall R&D, overall production and
the share of export markets in high-technology products, the gap between it and the EC and
. Japan has narrowed substantially over the past two decades.

 While a convergence has happened between the countries of the triad on aggregate, significant
differences remain at the sectoral level — some of which are becoming more pronounced.

* The economies of the Triad are all moving out of low technology industries and into high
technology, high wage industries, setung the stage for increased competition and poumually more
conflicts. .

R&D Shares choss the 13 OECD Countries

The United States has been, and continues to be, the largest contributor to OECD-13 R&D performed by
business enterprises in the manufacturing sector, responsible for over 46 per cent of the OECD-13 manufacturing
business R&D in 1990. Nevertheless, this is a decline of aimost ten percentage points from 1973, as other countries,
most notably Japan which doubled its share from nine to 18 per cent, have increased their R&D shares. The shares
of the six largest European Community countries (the EC-6) remained relatively stable throughout the two decades
at 26 percent, with Italy’s increase compensating for a decline in the United ngdom s sham The only EC-6 country
to expcnencc dramatic changes was the United Kingdom.

Focusing solely on the high-technology ‘sector, the United States has maintained a dominant position,
contributing over half of the 1990 OECD-13 high-technology R&D, a lead of over 20 percentage points on the next
largest contributor, the EC-6. But the US’s high-tech strength is dependent largely on one industry, aircraft, where
it accounted for three quarters of all OECD-13 R&D that was performed in that industry.

The Distribution of R&D within Countries

R&D tends to be concentrated into five industries: aircraft, motor vehicles, communications equipment,
computers and pharmaceuticals. These five sectors accounted for 64 per cent of the 1990 OECD-13 manufacturing
R&D. The United States had the largest share of its 1990 manufacturing R&D, 73 per cent, clustered in these sectors,
while the Nordic-4 and Japan had the least with less than 48 per cent. The EC-6 group had roughly the same profile
as the United States, with R&D share levels for 1990 of over 60 per cent for these five industries with the United
Kingdom leading the group at 70 per cent while Germany had the lowest share of the group at just over 50 per cent.
The structure of sectoral R&D in Japan is distinctive by its rather even distribution of R&D across all manufacturing
. sectors, resulting in nearly the lowest cross-industry variance of any of the 13 countries.
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R&D Intensity

When the R&D performed is divided by the amount of production, it is apparent that the United States has
the most R&D intensive manufacturing sector with much of this coming from the high-technology manufacturing
industries. Germany and Japan, on the other hand, displayed relatively low levels of intensities in the high-technology
industries, even though they were practically tied, behind Sweden, for the third most R&D intensive manufacturing
sector. Germany and Japan put relatively more R&D per unit of production into medium technology industries such
as industrial chemicals and non-electrical machinery.

Japan and Germany were the only two countries where the R&D intensity increased in nearly every
manufacturing industry from 1976-1978 to 1986-1988. With nine out of 22 sectors having a falling R&D intensity,
the United Kingdom is the country which exhibited the highest number of sectors with declining intensities.

The Distribution of Investment within Countries

A convergence in the structure of investment has occurred as invesrment has swung away from low-
technology industries (textiles, basic metals, non-metallic mineral products), with the share of these industries in total
investment declining from around 55 per cent of the total in the early 1970s to 45 per cent in the late 1980s and into
the fabricated meta! products and machinery industry, particularly the motor vehicles and the paper industry.

Japan underwent the most significant restructuring of investment, moving from having a higher than average
share of investment in low-technology industries in the mid-1970s (55-60 per cent) 10 a lower than average share at
the end of the period (below 40 per cent), as investment was reduced in basic metals and textiles and increased in
electronics and related industries. By the end of the 1980s, Japan and Germany had the highest shares of total
investment in fabricated metal products and machinery -- 48 and 46 per cent respectively, with Japan increasing its
share by over 50 per cent from 1970.

Investment per Employee -

High wage, medium-technology and scale intensive industries are linked to high levels of investment per
employee while low wage, labour intensive industries are characterized by a relatively low investment per employee
activity.

Petroleum refining is the industry which has the highest investment per employee levels, exceeding the
manufacturing average by at least a factor of three in every country. Industrial chemicals and non-ferrous metais are
the next two industries which typically had investment per employee ratios in the late 1980s that were about twice
as high as the manufacturing average.

These sharp interindustry differences propel countries, such as the Netherlands, Canada and Norway where
one or more of these industries have a strong presence, to the top of the cross-country rank comparisons of investment
per employee in the manufacturing sector. The somewhat surprising presence of Japan and Germany in the bottom
half of the list is indicative of the fact that their economies rely more on comparatively less investment intensive
industries such as non-electrical and electrical machinery, communication equipment and instruments.

Export Market Shares across the OECD-13 Countries

Germany and the United States dominated the OECD-13 export market in manufactured goods, with
Germany slightly increasing its share from 19 per cent to 20 per cent between 1970 and 1990 while the share of the
United States fell from 20 per cent to 17 per cent. The biggest gain in total manufacturing export market share was
made by Japan whose share rose from 11 to 15 percent.
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Much of the Japanese gain in share was in high-technology or high wage industries. In the low-technology
and low wage industries, on the other hand, Japan's shares declined dramatically whereas this was the sector where
the EC-6 saw strong growth, largely due to Italy’s gains in the textile sector.

The share fluctuations in the medium-technology group, for most countries, are being driven by two
industries: motor vehicles and non-electrical machinery. In both of these industries, Germany was the leading
exporter between 1970 and 1990, with approximately one-fourth of these markets. In motor vehicles, Japan more than
tripled its export share, moving from eight per cent to 25 per cent in 21 years, while the shares of the United States,
Canada and the United Kingdom fell. '

In the high-technology industries, Japan gained seven percentage points between 1970 and 1990 to reach
a share of 21 per cent by 1990. This growth enabled Japan to overtake Germany, whose share declined slightly from
18 to 16 per cent. The United States, despite a fall from 31 per cent in 1970 to 26 per cent in 1990, managed to
remain the largest exporter in high-technology industries, mainly due to the large role played by the aircraft sector.
Nonetheless, the United States’ 1970 lead of 14 percentage points was cut to five by the end of the 1980s.

Import Penetration Ratio

Imports of manufactured goods increased as a proportion of domestic demand in the manufacturing sector
in every one of the OECD-13 countries during the period from 1970 1o the end of the 1980s. The strongest increase
by far was in the United States, where manufacturing imports more than tripled as a proportion of domestic demand
in the 1970-1989 period. Import intensities doubled in France, Germany and the United Kingdom.

In most countries, high-technology industries are characterized by higher import penetration rates, followed
‘by medium-technology sectors, while the total domestic demand in low-technology industries tends to be mostly
satisfied by domestic production.

The profile of import penetration in Japan is strikingly different from that of other 11 OECD countries.
* Imports accounted for less than six per cent in the total of domestic demand for manufacturing in 1989, a two
percentage point increase in 20 years. Little variation is also observable across the three technology groups. The
high-technology group of industries has roughly the same degree of import penetration as the medium-technology
group, and only marginally lower than the low-technology group.

PMucthn Shares across the OECD-13

Across the OECD-13 during the period from 1970 to 1989 five countries, Japan, Italy, Canada, Finland and
Norway, increased their share of total manufacwring production. These gains in share came at the expense of the
shares held by United States, the United Kingdom and Germany. In particular, the US lost by almost a factor of two
the most share points (-2.6) while Japan gained nearly an equal amount (+3.0), significant exchanges in production
share between the United States and Japan occurred in the computer and motor vehicle industries. Nonetheless, the
United States was still responsible for aimost two-fifths of all production in manufacturing industry of the OECD-13
in 1989, the largest producer by 16 share points.

The EC-6 maintained a relatively stable position, losing one share point over the period; but significant

internal changes occurred with the wide differences that existed in the 1970s between ltaly, the United Kingdom and
France being reduced significantly, resulting in 1989 manufacturing production shares which are very similar.
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Manufacturing’s Share of GDP

Over the last two decades the share of Gross Domestic Product (GDP) originating in the manufacturing
sector declined in every country in our group of 13 OECD countries when measured in current prices. In constant
prices a different picture emerged. For those nine countries where constant price data was available, five witnessed
a decline, while three (Denmark, Italy and the United States) kept a constant share and one country, Japan, actually
experienced an increase in the share. The most precipitous decline in the manufacturing sector’s share of GDP,
regardless of valuation, occurred in France and the United Kingdom, where the share fell about eight percentage points
in each country, over the last two decades.

A patem of convergence towards a similar share of GDP being contributed by the manufacturing sector
is evident when viewed over the past two decades. Countries which had the largest initial share in 1970 were
frequently the same countries that experienced the largest decline in share. This is supported by the fact that the
variance in manufacturing’s share of GDP existing between the countries dropped by a third between 1970 and 1989.

The Sectoral Distribution of Manufacturing Value Added

Within the manufacturing sector, the distribution of value added between industries has changed significantly
from the early 1970s 1o the late 1980s, with most countries moving out of the low-technology, labour and natural
resource intensive industries (food, textiles and wood products industries) and into the high and medium-technology,
scale intensive and science based industries (fabricated metal products and chemicals).

Japan exhibited the largest amount of structural change from 1970 to 1989 with an index which is nearly
twice as large as the next closest country, Denmark. The United States ranked third in the overall rate of structural
change from 1970 to 1989 with the bulk of this change occurred in the 1980s where the rate of change was nearly
. double what occurred in the 1970s.

Relationships between Investment, Output and Competitiveness

When simple correlations were calculated between the various indicators, the following relationships were
observed:

R&D v. Investment
* those industries that conduct the largest share of manufacturing R&D are almost purely R&D
performers and do not engage in the type of manufacturing which involves heavy investments
in capital equipment and structures. The situation in Japan is much different. Here a strong
correlation between the two investment indicators exists (R’=52.5 percent).

Output v. R&D and Investment
» a large share of output is much more directly correlated with those industries which invest in

plant and equipment than with those which invest in R&D.

Competitiveness v. R&D and Investment
» by and large the relationship between competitiveness as measured by the two export indicators
and tangible investment was weak. A much stronger relationship exists between competitiveness
and R&D. The share of manufacturing R&D contributed by -an industry is positively correlated
with its revealed comparative advantage (RCA) in Japan and the US, while a negative correlation

occurred in the EC-6.

(v)




Introduction

1. This repont deals with factors shaping innovation performance and economic growth within the Triad of the United
States, Japan and the European Community. It is a quantitative analysis of the evolution of Triadic industries, seeking -
1o identify the strengths and weaknesses of Triad members, and the trajectories of their compeltitive positions.

2. Why focus on the Triad? Over the past four decades an important structural realignment has occurred in the world
economy, independently of the phases of growth and recession which have tended to preoccupy policy-makers. This
structural shift consists of a convergence in economic performance, per capita income and, increasingly, the
industry/technology policies used in the economies of the triad.! The post World War II dominance by the United
States in nearly every industry has slipped to the point where the United States is frequently lagging behind its
European and Japanese competitors in certain sectors. Regardless of the position of one country versus another, it
is clear that there are certain industries such as computers, electronics, acrospace, pharmaceuticals and motor vehicles
which all three members of the triad recognize as being critical sectors not only for ensuring current standards of
living, but also because they are perceived as being fundamental building blocks driving technological innovation and
international competitiveness which are keys for a high standard of living in the future.> For this reason, the nature
of competition has changed where the economies of the triad are facing off on a "head-to-head” basis, inevitably
leading to heightened competition and political friction.

3. The basis of Triadic dominance of the global economy lies in technological innovation. From the end of World

. War II, there seem 10 have been three major processes underlying economic growth. First, there was a process of
recovery from the war itself, a period in which growth seems to have owed much to enhanced investment, and to the
diffusion of technologies from the United States. Secondly, there has been a sustained process of growth in
international trade, particularly in innovation-intensive manufacwres. Thirdly, there has been increasing
internationalisation, in the sense of cross-border flows of direct investment and technological knowledge (with the
knowledge flows taking a wide variety of forms). Growth divergences seem 10 be closely related to the extent to
which economies have been able to participate in these processes of investment and trade which underlie growth. In -
particular, there are strong grounds for believing that convergence and divergence in economic performance owe much
to differences in innovation activity: especially to differences in the capability to create, assimilate and diffuse new
technologies.” In this area; leadership in the world economy is highly concentrated: the members of the Triad
maintain most of the world’s science and technology infrastructure, perform most of its research, supply most of its
inventions (as measured by patents), and possess most of its high-technology industry. s
4. For Europe in the future, therefore, the central competitive challenges within innovation-intensive industries will
derive -- as they have in the past -- from other members of the Triad. Understanding the structure of Triadic resources
and trends at a detailed sectoral level is therefore a matter of central importance for European policy-makers. This
is the raison d'étre of this study; it seeks to provide a detailed overview of some of the key trends in Triadic
manufacturing with respect to output, investment, rescarch and trade. The study uses two new OECD databases --
STAN (Structural Analysis database) and ANBERD (Analytic Business Enterprise R&D) -- which for the first ime
permit consistent, comparable statistics over time at a disaggregated industry-level for a variety of variables.

1. Extensive research has been conducted on the topic of convergence and will not be reviewed here. Some of the more recent work
includes the papers presented at the MERIT Conference on “Convergence and Divergence in Economic Growth and Technical Change®

held in Maastrict, the Netherlands, December 10-12, 1992. For work comparing the wiad, see Lester Thurow (1992), Head to Head,
(New York, NY: William Morrow & Co.), National Academy of Engineering (1991), National Interests in an Age Age of Global

Technology, (Washington, DC: National Academy Press) and US Congress (1991). Competing Economies: America, Europe and the
Pacific Rim, (Washington, DC: Office of Technology Assessment).

2. See Laura D’Andrea Tyson (1992), Who’s Bashing Whom: Trade Conflict in High-Technology Industries, (Washington, DC:

Institute for International Economics).

3. Jan Fagerberg (1991), "Innovation, Catching-up and Growth™ in OECD, Technologv and Productivity: the Chalienge for Economic
Policy (OECD: Paris), pp.37-46. ‘




5. Concretely, the report focuses on the evolution of manufacturing in key Triad economies by:

« dividing the manufacturing sector into industries which are particularly oriented towards
international competition or which have a high technology intensity (the "friction prone™ sectors);

« using STAN and ANBERD data 10 construct indicators which reveal relative strengths and
weaknesses within these high-tech, high-trade industries, with a particular emphasis on the
evolution of competitive strengths over time.

6. The primary focus is on the US, Japan, and the four largest economies of the EC; however other advanced North
American and European economies are referred to. The report begins with a description of the basic indicators which
are used or constructed are described in detail (usually in boxes) with a discussion of their relevance and fields of
application.

7. The report consists of three parts. Part One presents a descriptive overview based on four broad categories of
indicators: 1) business enterprise research and development, 2) investment, 3) international trade and 4) production.
Part Two employs simple analytical techniques -- such as cross-plots -- to look at the trends and relationships which
emerge when indicators are juxtaposed. Finally, an Appendix contains information about the data used to calculate
these indicators, the industries used to form the various groupings such as "high-technology,” and the countries which
compose the various groupings (EC-6, OECD-13, Nordic-4) used in this repor.




I. Indicators of Research and Development (R&D), Investment,
Structural Change and International Trade



Manufacturing R&D Shares across the OECD-13

8. The United States has been, and continues to be, the largest contributor to OECD-13 R&D performed by businesses
in the manufacturing sector (Figure RDSO 1). In 1990, it was responsible for over 46 per cent of the OECD-13
manufacturing business R&D. Nevertheless, this is a decline of almost ten percentage points from 1973, as other
countries, most notably Japan, have increased their R&D shares. In 1973, the United States was responsible for 55
per cent of all the manufacturing R&D that was performed, whereas the EC-6 and Japan together only accounted for
42 per cent. This dominant position remained relatively unchallenged until the second half of the 1980s when Japan
increased its investment in R&D at twice the rate of the United States causing its share to rise from 13 per cent of
" the OECD-13 total in 1973 to 22 per cent in 1990 (Table RDSO 1). -

Description of the Indicator 9. Despite Japan's large increases, it remained behind
. not only the United States, but also the EC-6. The

R&D shares the OECD-13 are calculated as bu -
cotcopie RAD m + cctans imdasty fo 8 given sy o | EC-6's share of the OECD-13 manufacturing R&D
country grouping as a proportion of the business enterprise R&D moved slightly during these eighteen years, declining

mm‘mﬁ:ﬂ:ﬁﬂ pos indicator 13 skewsd | only from 29 per cent to 28 per cent. Although within
dominate R&D shares. On the other hand, in many cases the the EC-6, some notable shifting did occur (Figure

smaller countries appear to show extremely high growth in their RDSO 1). The United Kingdom's share fell from 8.3

R&D shares, but this is much easier to accomplish suaning from ' : .
their small bases. These shares were calculated using United per cent 10 5.7 per cent and Italy's share, while still

States purchasing power parities (PPP) for GDP. It should be small, grew at a much faster rate than any other OECD-
noted that the results could be significantly different if exchange 13 country. The Nordic countries all hold very small

rates or a PPP specifically for R&D was used. R&D shares, but Finland, Denmark and Sweden saw
i significantly increases.

10. At a deailed sectoral level, the convergence between the United States and Japan is even more pronounced than
it is in total manufacturing. In 1973, out of 22 industrial sectors, there were only four in which the US did not have
the largest R&D share: textiles, apparel and leather, chemicals excluding drugs, drugs & medicines, and ferrous metals.
In these four industries, the EC-6 held the largest share in three of them and Japan performed the most R&D only
in ferrous metals. During the course of the 1970s and 1980s, the United States lost R&D shares in 18 of 22 industries,
whereas Japan gained R&D shares in all but two industries: shipbuilding and other transportation equipment.  The
United States remained the R&D leader in most industries, but Japan succeeded in substantially narrowing the gap
between itself and the United States, and in five industries: rubber & plastic products, non-metallic mineral products,
non-ferrous metals, non-electrical machinery and electrical machinery, it surpassed the United States. The EC-6's
R&D shares remained relatively stable throughout the two decades, even at the sectoral level. The only EC-6 country
10 experience dramatic changes was the United Kingdom. Its R&D shares fell in all but three industries: drugs &
medicines, computers and office machinery and other manufacturing. ' '

11. Grouping the 22 industries by their level of technological sophistication, the greatest convergence between the
United States and Japan has occurred in the low-technology sector (Figure RDSO 4). In 1973 the difference between
the United States’ R&D share and Japan's R&D share in the low-technology industries was 23 percentage points,
whereas by 1990 the difference in their shares was only three percentage points. In the medium-technology industries
the Japanese share is converging towards that of the United States almost as sharply as it does in the low-technology
industries. The United States, however, had a larger lead on Japan in the early 1970s in this grouping, and the
differences between their shares are thus still large (Figure RDSO 3). The sectors in which there has been the least .
convergence between these two countries are the high-technology industries (Figure RDSO 2). The United States still
maintains a dominant position in R&D shares in the OECD-13 for the high-technology industries. R&D shares in this
grouping have been relatively stable and the gap in the R&D shares between the United States and Japan was still 36
percentage points in 1990. In the EC-6, because the shifts in R&D were so well balanced, all three technology
groupings were extremely stable. From 1973 to 1990, the EC-6 held a share of about 26 per cent in the high-
technology industries and a share of about 33 per cent in the medium-technology industries. Only the low-technology
grouping experienced any movement, and that was only from a share of 28 per cent to 24 per cent.



High-technology Industries

12. As with total manufacturing, the United States began the 1970s with an extremely high R&D share in high-
technology industries, 63 per cent in 1973. By 1990, its share had fallen to 54 per cent, but still remained more than
twice as high as the share of the second largest high-technology R&D performer, the EC-6. The EC-6's share stayed
at 26 per cent, as Italy’s growth compensated for a decline in the United Kingdom's share. Japan, on the other hand,
doubled its share, rising steadily from nine per cent to 18 per cent during these years. Despite this doubling, its share
was still only one-third that of the United States’ in 1990. The Nordic-4 countries, while still accounting for only 1.5
per cent of the R&D that is done in these industries, all made large gains in this area.

13. The United States’ considerable lead in the high-technology industries is largely a result of its sizeable R&D in
the aircraft industry. In 1990, the United States accounted for three quarters of all OECD-13 R&D that was performed
in the aircraft industry. This was probably due in a large part to the magnitude of the defense and space projects
initiated by the United States government. Nearly three-quarters of the R&D performed in this sector was funded by
the United States government.* France, Germany and the United Kingdom were the only other countries with
significant R&D activity in this industry and their sum totalled only 22 per cent of the OECD-13 R&D in 1990. Of
the EC-6 countries, Italy showed the most significant increase in aircraft R&D, increasing its share from 0.2 per cent
in 1973 to 2.6 per cent in 1990. United Kingdom, on the other hand, saw a decrease from a share of 12 per cent in
1973 to a share of six per cent in 1990.

14. Japan, while only accounting for about one per cent of aircraft R&D, held significant R&D shares in two other
industries in the high-technology grouping: electrical machinery and computers and office machinery. In 1990, Japan
was responsible for 49 per cent of the OECD-13 R&D that was done in electrical machinery, nearly three times the
share it held in 1973. This large gain was achieved at the expense of the United States whose share in this sector
dropped from 54 per cent to 13 per cent over the same time period. The EC-6 also benefited from the United States’
drop, rising from 27 per cent to 36 per cent. All of the EC-6 countries, except the United Kingdom, saw increases
in their shares of electrical machinery, Germany and Italy most significantly. Germany's share rose rapidly, surpassing
the United States’ share by 1986 and attaining 18 per cent of the OECD-13 R&D by 1990. laly exhibited extremely
strong growth, moving from a share of 0.6 per cent 10 4.7 per cent

15. The other high-technology area in which Japan experienced impressive growth is the computer industry. It jumped
from a share of seven per cent in 1970 to 23 per cent in 1990. Nevertheless, in 1990 the United States’ R&D share
was still almost three times higher than Japan’s in this industry. The United States share has declined since 1973, but
in 1990, the United States still accounted for a full 60 per cent of the R&D done in this industry. Most of the EC-6
countries saw small increases in this industry, but the overall EC-6 share still fell, driven by France’s drop from seven
per cent 10 two per cent

16. The R&D shares in the pharmaceutical industry have proved to be much more stable throughout the 1970s and
1980s than those in aircraft and the fabricated metal products sectors. The United States and the EC-6 both had shares
that hovered about 40 per cent in 1973 and declined only slightly to about 38 per cent in 1990. Within the EC-6, the
United Kingdom's increase from 11 per cent to 13 per cent, almost offset the decline in Germany's R&D share. Japan
gained slightly in this industry and in 1990 had a share of 19 per cent, up five percentage points from 1973.

Medium-technology Industries

17. In the medium-technology industries there is a much more significant convergence between Japan and the United
States than their was in the high-technology industries. The US share declined between 1973 and 1990 from 46 per
cent 1o 36 per cent, while Japan’s share rose from 17 per cent to 27 per cent. The EC-6’s share remained constant,

4. National Science Foundation (1992), Research and Development in Industry: 1989, NSF 92-307, (Washington, DC), Table A4,
p. 20. -




at about 33 per cent, due largely to Germany's consistent share of about 16 per cent (Figure RDSO 3). Japan made
gains in six of the seven industries which comprise this grouping. The only medium-technology industry in which
it did not increase its R&D share was other ransport equipment. In this industry, its share fell from 26 per cent
seven per cent.

18. In motor vehicles, the United States, despite a decline in its share, still held the largest R&D share in 1990. It
moved from 56 per cent 10 44 per cent, remaining significantly above Japan, who in spite of an increase of 11
percentage points, only obtained a share of only 25 per cent in 1990. The Nordic countries showed a substanual
increase, although their share remained small.

19. In rubber and plastics, an extremely large change was evident. Japan's R&D share doubled between 1973 and
1990 whereas the United States’s share fell to one-half its 1973 level. The R&D shares of both Japan and the EC-6,
were larger than the United States’ by 1987. The EC-6’s move from 25 per cent to 33 per cent was largely
auributable to Germany, which increased its share from 6 1o 11 per cent, but was also helped by France, whose share
rose from 11 per cent to 14 per cent.

20. Japan also made considerable gains in the non-ferrous metal and the non-electrical machinery industries. In the
non-ferrous metal industries, Japan almost doubled its share, increasing from 23 per cent to 42 per cent, and surpassing
the R&D share of the United States. At the same time, the United States’ share declined sharply, from 43 per cent
to 30 per cent. Although the trends were not quite as sharp in the non-electrical machinery industries, Japan moved
up sharply to attain the largest R&D share, while the United States share declined sharply. The EC-6 fell slightly,
from 22 per cent to 18 per cent, in the non-ferrous metal industries, despite ltaly’s strong increases. Canada has a
relatively large share of the R&D performed in non-ferrous metals. In 1990 it held a share of six per cent, a share
which is larger than every other country except Japan and the United States.

21. In the chemical industry, the R&D shares were more stable than in most of the other medium-technology
industries. The EC-6 and the United States fell slightly, but still held shares of 41 per cent and 35 per cent in 1990.
Japan’s R&D increased, but only 0 a share of 24 per cent of the OECD-13 Nevertheless, this was enough to surpass
Germany, whose share stayed stable at 19 per cent

Low-technology Industries

22. The low-technology industries showed the most dramatic convergence between the United States and Japan (Figure
RDSO 4). Japan's share increased from 20 per cent in 1973 to 32 per cent in 1990, to close within four percentage
points of the United States, after being more than 24 per cent points behind. The EC-6, although much less dynamic
than both Japan and the United States, showed more movement in the low-technology industries than it did in the high
and medium ones, falling from 28 per cent to 24 per cent. This drop in the EC-6s share is attributable to the United
Kingdom whose share fell sharply from 11 per cent to four per cent.

23. Japan's biggest increase occurred in textiles, apparel & leather. Its share rose from 28 per cent to 50 per cent.
This occurred mainly at the expense of the EC-6 whose share fell from 47 per cent 10 21 per cent. Again, as with
the entire low-technology group, this change was being driven by the United Kingdom, whose share dove from 22
per cent in 1973 to only three per cent in 1990. The United States’ share increased slightly rising from 22 per cent

10 24 per cent.



‘Table: RDSO-1 .

R&D Shares across the OECD-13

___ISIC Industry Canads France Germany Moty
, 1973 1990 1973 1990 1973 1990 1973 1990
3000 | Total Manutacturing 1.0 1.3 65 65 98 109 22 3.1
3100 | Food, beverages & tobacco 24 18 45 71 31 44 0% 14
3200 | Textiles, apparel & leather 15 37 115 66 65 Y 57 1.0
3300 | Wood products & fumniture 09 85 33 21 14 159 0.0 1.1
3400 | Paper products & printing 43 59 3.2 28 17 3s 08 0.1
3500 |Chemical products 1.0 12 79 78 148 135 34 40
3500 | Non-metallic mineral products 1.0 06 95 56 57 8.1 07 14
3700 | Basic metal industries 34 28 39 65 10.1 64 13 a4 |
3800 | Fabricated metal products (Y] 1.2 6.2 6.2 9.0 107 19 29
3900 | Other Manufacturing 13 29 39 34 0.2 26 47 03
High technology 09 14 64 66 8.4 85 15 29
Medium technology 09 0.8 66 65 14.1 166 36 35
Low technology 20 24 66 59 5.1 77 16 26
Japan __Nordio4 Unlted Kingdom United States
1973 1990 1973 1990 173 1990 191 1990
3000 | Total Manufacturing 129 222 1.7 19 83 57 55.3 466
3100 | Food, beverages & tobacco 20.1 324 40 39 16.8 78 16.8 355
3200 | Textiles, apparel & leather 278 498 17 18 218 29 217 238
3300 |Wood products & furniture 120 27.0 42 54 40 16 726 37.0
3400 | Paper products & printing 249 28.1 88 88 54 43 49.1 vy
3500 | Chemical products 16.0 224 15 19 85 86 432 376
3600 | Non-metallic mineral products 236 426 27 21 103 3.1 439 347
3700 | Basic metal industries 318 523 40 29 9.2 31 38 18.2
3800 | Fabricated metal products 106  -203 15 17 79 50 60.3 505
3900 | Other Manufacturing 202 351 35 54 7.1 75 58.4 409
[ High technology 89 17.7 11 15 86 65 625 535
i Medium technology 174 279 18 23 69 44 462 36.1
{Low technology 208 325 4.2 33 106 44 441 365
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Figure RDSO 3
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The Distribution of Manufacturing R&D by Sector within a Country

24. The distribution of manufacturing R&D by sector within a country (RDS) reveals that R&D is predominately
clustered in five industries: aircraft, motor vehicles, communications equipment, computers and pharmaceutical. These
five sectors accounted for 64 per cent of the 1990 OECD-13 R&D. The United States had the largest share of its
1990 manufactring R&D, 73 per cent, clustered in these sectors, while the Nordic<4 and Japan had the least with less
than 48 per cent. The EC-6 group had roughly the same profile as the United States, with RDS levels for 1990 of
over 60 per cent for these five industries with the United Kingdom leading the group at 70 per cent while Germany

had the lowest share of the group at just over 50 per cent (Figure RDS 1).

Country Profiles

25. Over the eighteen years between 1973 and 1990, the
United States performed roughly one-quarter of its
manufactring business enterprise R&D in the aircraft
industry: the largest share for this sector of any of the
countries analyzed (Figure RDS 2). Motor vehicles and
communications equipment remained at relatively
constant levels between 1973 and 1990 with the share

A Description of the Indicator

R&D shares (RDS) are calculaied by dividing the R&D
performed by an industry (or industry group) by the total
manufacturing R&D expenditure for that year in a specific
country (or group). This allows a clear view of the evolution of
both the structure of manufacturing R&D and the evolution of the
emphasis placed on an industry over time. This indicator
identifies shifts in R&D expenditure from one sector 1o another
within a country, while also permitting intemational comparisons
of this evolution. The main weakness of this indicator is that it
relies on current price data and may be affected by inflation

which could diston the calculation of shares across manufacturing

held by motor vehicles roughly 10 per cent of the total -
if the relative inflation of R&D by sector is not consuant.

(Figure RDS 2) while communications equipment held
at approximately 14 per cent R&D performed in the
computer industry saw the greatest gain in share over
the period, growing by 4.3 share points. These gains
were offset by losses of shares in the rubber & plastics and non-clectrical machinery and, in panticular, the electrical
machinery industry which decreased the most, falling from nine per cent in 1973 to one per cent in 1990. As shown
in Table RDS 1, the distribution of R&D across sectors in the United States was among the most uneven of any of
the countries analyzed. T

26. After the United States, France dedicated the largest share of its manufacturing R&D to the aircraft sector, about
one-fifth of its total expenditure. But the sector with the largest share of R&D in France was communications
equipment with shares consistently above 20 per cent after 1974, peaking at 25 per cent in 1987. France also
dedicated a relatively large share to industrial chemicals (10 per cent) and pharmaceuticals (peaking at eight per cent
in 1990). In the United Kingdom, the share held by the acrospace industry fell from over time from 26 per cent in
1973 10 14 per cent in 1988 with most of the gain in share coming from the communications equipment industry.
Pharmaceuticals also witnessed a large growth in the share of R&D performed, jumping from six per cent, in 1973,
to 16 per cent, in 1990. '

27. Germany has a different R&D structure, with over 60 per cent of its R&D originating from the industrial
chemicals, non-electrical machinery, communication equipment and motor vehicles sector (Table RDS 2). The largest
1990 share of R&D was held by the communication equipment industry whose share fluctuated between 15 per cent
and 18 per cent while sector with the second largest 1990 share, motor vehicles, saw a steady increase from 12 per
cent in 1975 to 17 per cent in 1990. Although still retaining a large total share of manufacturing R&D, the industrial
chemicals industries witnessed a decrease of four share points over the period. Unlike most of the countries where
there is a sharp difference in share between the high-technology and medium-technology groups, Germany’s R&D
was almost evenly split between the two.

28. The motor vehicle industry is the single largest source of R&D performed in Italy with a 1990 share that has
climbed back to the same place it held in the early 1980s: 18 per cent. The pharmaceutical industry is the second -
largest R&D performer in lialy, responsible for about 13 per cent over the sixieen years from 1973 to 1988, with an
uptick to 15 per cent in 1989 and 1990. Aircraft has also grown 1o become a key R&D performer in ltaly, increasing
from the 1973 level of two per cent to the 1987 level of 15 per cent.
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29. The swucture of sectoral R&D in Japan is
distinguished from the other countries because of its
rather even distribution of R&D across sectors. Finland
was the only country with a lower cross-industry
variarce in the shares of manufacturing R&D than
Japan in 1990 (Table RDS-1). Only one Japanese
industry, communication equipment, had a share of
more than 15 per cent of the total manufacturing R&D
expenditure. Motor vehicles had the second largest
- share, flucmating between 12 per cent and 14 per cent
over the period. The computers and office machinery
industry saw the greatest increase in share, jumping by
a factor of five, from two per cent in 1974 0 over ten
per cent in 1990.

30. The Nordic4 group had a much different
distribution of R&D across sectors, where nearly twice
as large a share of R&D was dedicated to sectors
classified as low-technology as found on average across
the OECD-13 countries (Table RDS 2). Low-
technology industries typically received less than 12 per

cent of total R&D in the OECD-13, whereas the Nordic-

4 expenditures ranged anywhere from 27 per.cent o 14
per cent. The share of R&D allocated to shipbuilding,
for example, was consistently seven 10 eleven times

Table RDS-1: Ranked 1990 Variance in R&D Shares

Across Sectors
Canada 45
United States 44
France 43
United Kingdom 41
Netherlands 37 hl
Germany 36
Australia 35
Denmark 33
‘Sweden 31
Ttaly 30
Norway 28
Japan 23
Finland 21

higher than that of the OECD-13 and five times that average for paper products. The aircraft industry, on the other
hand, contributed a relatively minor share of overall R&D in the Nordic4 countries with levels between one-third and

one-quarter of the OECD-13 average.
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1990 Manufacturing R&D Shares by Industry Within a Country

Table: RDS-2

Canads Denmark

ISiIc industry
3100 Food group 25
3200 Textile group 13
3300 Wood group 1.5
3400 Paper group as
3500 Chemical group 173
3514352-3522 industrial Chemicals 6.0
3522 Pharmaceuticals 68
3534354 Petroleum Refining 39
3554356 Plastic products 05
3600 Non-metallic mineral prods. 0.6
3700 Basic metals 45
3710 Ferrous metals 0.7
3720 Non-ferrous metals 38
3800 Fabricated metal products 67.7
3810 Metal products 1.0
3820-3825 Non-electrical mach. 26
3825 Computers 9.9
3830-3832 Electrical machinery 1.5
3832 Communications equip. 38
3841 Ships na
3843 Motor vehicles 26
3845 Aircraft 13.2
3842+384443849 | Other transport equip. na
3850 Instruments 16
3890 Other manufacturing 1.1
High wage 424
Medium wage 479
Low wage 9.7
High technology 648
Medium technology 18.4
Low technology 16.8
Resource intensive 12.3
Labour intensive 34
Scale intensive 16.9
Specialised supplier 359
Science based 314

76
04
04
0.7
295
41
24.1
0.0
13
21
0.7
03
03

503

27
123
35
6.2
9.2
3.2
0.0
00
16
16
8.2

318
439
244

546
2758
175

104
114
1.2
27.7
393

France Germany Raly
20 0.7 09
0.4 03 © 0.4
0.1 03 0.1
0.3 0.2 0.0
233 240 254
9.9 164 64
8.1 58 15.4
2.2 0.3 1.3
3.1 15 23
1.1 09 0.6
2.1 1.2 24
1.4 09 1.7
0.7 03 0.7
70.4 72.1 705
0.7 25 25
33 1.2 6.6
37 36 7.3
34 8.2 78
24.7 18.7 135
0.1 0.1 0.6
13.0 174 18.3
20.0 89 12.1
04 0.1 0.7
1.1 16 10
03 0.1 0.0
57.0 520 60.8
36.5 38.1 29.6
65 98 9.6
60.9 468 57.2
30.8 46.7 350
8.3 65 - 78
6.1 2.7 35

1.4 30 2.7
28.2 36.3 29.9
31.4 38.1 28.0
32.8 199 359

United  United

Japan _Kingdom States
28 25 14
10 0.2 0.2
0.3 0.1 0.2
10 06 0.7
195 29.4 ‘156
10.1 115 6.8
58 159 58
1.0 14 2.2
26 0.7 08
24 0.7 0.9
50 1.2 08
34 0.7 0.3
16 04 0.5
67.4 64.7 79.7
15 0.7 08
89 3.2 3.0
10.1 85 128
1.2 4.4 1.4
16.3 224 165
0.2 0.1 0.0
144 74 19
09 17.2 265
03 0.0 0.6
38 1.0 8.3
08 0.7 04
423 616 66.0
415 30.5 30.2
16.2 78 38
480 69.4 69.2
386 236 23.7
134 70 71
80 5.9 5.2
3.2 16 15
320 20.6 211
3.3 300 209
205 426 513

Nordic4

37
0.4
07
36
196
59
116
1.1
1.1
14
3.2
18
14
66.0
22
15.1
4.1
72
155
13
1.2
38
10
4.7
14

46.9
370
16.1

46.9
370
16.1

8.2
40
258
378
24.2

EC-6

1.7
0.3
0.2
0.3
258
129
9.7
1.4
18
0.9
1.7
1.2
05
68.8
1.8

49
6.6
20.1
03
134
13.1
0.2
1.4
0.3

55.5
35.2
9.3

55.8
36.1
8.1

4.7
2S
30.1
336
29.1

n.a. = not avallable




Figure RDS 1
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Figure RDS 2

Share of Manufacturing R & D Dedicated to 5 Select Industries
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R&D Intensities

31. The amount of R&D performed per unit of production, or the R&D intensity (see box), reveals that from 1973
to 1989 the United States had the highest total manufacturing intensity and the strongest intensities in the high-
technology group of industries. Conversely, Germany and Japan displayed relatively low levels of intensities in the
high-technology industries, even though they had high total manufacturing R&D intensities. Compared to the other
countries, Japan especially exhibited low intensities in what are traditionally considered to be the core high-technology
industries - aircraft, computers, communications equipment and pharmaceuticals -- but had relatively high intensities
in the medium-technology group.
!

Total Manufacturing R&D Intensities

32. As shown in Figure RDI 1, the evolution and levels of total manufacturing R&D intensities differed quite
substantially between OECD-13 countries during the period 1973-1989. For that seventeen year span, among the
countries with the largest economies, Japan has shown by far the strongest growth in its total manufacturing R&D
intensity. Japan’s intensity has grown especially rapidly since 1981 (an increase of 1.1 percentage points) allowing
it to attain in 1989 a level comparable to Germany's (2.5 per cent). By 1985, Japan’s overall R&D intensity for
manufacturing had surpassed those of France and the United Kingdom. Nevertheless, when compared to the United
States’ R&D intensity for manufacturing, Japan's R&D intensity is only three-quarters of the US intensity in 1990
when measured using purchasing power parities (see box). Despite a slight decline from 1985 to 1989, the United
States has consistently maintained intensities well above the other OECD-13 countries, being the only country to obtain
a total manufacturing intensity ratio exceeding the three per cent level (from 1985 to 1989).

33. Although it was not as large as Japan's increase, Germany also showed an important rise in its total manufacturing
intensity over the period. After 1983, Germany had the highest intensity of all of the EC-6 countries, surpassing the
United Kingdom in that year. The evolution of the United Kingdom’s total manufacturing intensity ratio is rather
distinctive as it displayed the strongest growth of OECD-13 countries during the 1977 to 1981 period, achieving a two
per cent level in 1981, but has not moved appreciably from this level during the 1980s. The stable level of the United
Kingdom'’s intensity during the 1980s, explains why the United Kirigdom registered the lowest increase of all the
OECD-13 between 1973 and 1989. On the other hand, France showed sieady growth in its total manufacturing
intensity throughout this period, attaining a level of 2.2 per cent in 1989, The two remaining Group of Seven (G-7)
countries, Canada and Italy, had the lowest intensities of all OECD-13 countries in 1989, at less than one per cent.
Their 1o1al manufacturing R&D intensities during the 1973-1989 period represented between 30 per ceni and 50 per
cent, respectively, of the intensities found in the other G-7 countries.

34. Among the medium- and small-size economies, Sweden has the highest total manufacturing R&D intensity.
During the period from 1973 to 1989, Sweden’s R&D intensity was higher than all OECD-13 countries, except for
the United States. It attained a level of almost three per cent in 1987, but has since that time decreased 0.3 percentage
points, falling below the three per cent level in 1990. The Netherlands® total manufacturing intensity stayed rather
stable between 1973 and 1985, but showed rapid growth from 1985 w0 1987, antaining a level of 2.2 per cent in 1987.
However, from 1987 10 1989, like the Swedish case, the Netherlands intensity declined notably, falling below the two
per cent level. It is interesting to note that Finland showed the strongest increase of all OECD-13 countries from 1973
to 1989 in its total manufacturing intensity, growing at an average annual growth rate of 6.4 per cent during the
period. This rate of increase permitted Finland to exceed in 1989 the intensities of Australia, Denmark, Norway,
Canada and Italy. One could argue that Finland's considerable growth is just a reflection of a small starting point in
1973. Nonectheless, all countries which were surpassed by Finland had intensities similar to Finland’s in 1973.
Despite having been surpassed by Finland in the late 1980s, Denmark’s total manufacturing intensity has also
increased stongly between 1973 and 1989, more than doubling. Norway is the Nordic-4 country for which total
manufacturing R&D intensity demonstrated the weakest growth. It increased only by 0.3 percentage points from 1973
to 1989, jyust barely reaching the one per cent level in 1989. Australia had a 1989 total manufacturing intensity of
only one per cent, but it attained this level by exhibiting a very rapid growth from 1983 10 1989, increasing at average
annual growth rate of 14 per cent.
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A Description of the Indicator

R&D intensities have been calculsted as the ratio of business enterprise R&D expenditure performed in s manufacturing industry
over the production (gross output) of that industry for a given country or country groupings. They were calculated with current national
currencies data except for the country groupings where the data is expressed using United Siates purchasing power parities (PPPs) for GDP.
It should be noted that the R&D intensities for country groupings could be significantly different if exchanges rates had been used.

R&D intensities try 10 reflect the technological sophistication of a particular industry. Despite their wide use, R&D intensities have
many shoricomings as they account for only one (the need for a strong R&D effort) of the characieristics usually auributed to industries
considered as belanging in the high-technology category. Other charaaeristics of high-tech industries are the presence of high-risks, Jarge
capital investment, very rapid product and process obsolescence, strategic imponance for govemments and a high degree of international
co-operation of competition in R&D. In addition, by focusing exclusively on the R&D expenditures in a panicular industry no consideration
is given 10 the fact that some industries often do liule R&D themselves while acquiring embodied technalogy through the purchase of
technologically sophisticated capital goods. Technology may aiso be acquired through purchases of patents, technological feedback by-users
of the industry's products or improved management and information systems. In cerain industries, these alternative methods of scquiring
technology may be more important than direct R&D expenditures. In such cases, R&D intensity ratios may be s poor-proxy for
technological intensity. Moreover, simpie international comparisons based on them are disionted by differences in the indusrial structure
of countries. As an example, if a country’s economy is biased towards seciors involved in the extraction of natural resources, a low R&D
.intensity may simply reflect the importance of these sectors, which are typically considered as not being R&D-intensive.

This indicator uses business enterprise R&D expenditure (BERD) which allocates that portion of R&D that is performed by the
business sector as opposed 10 where the funding for the R&D comes from. In this sense, it includes R&D funded by the non-business sector
such as govemnment, but performed by industry. Given that the role of govemment funding differs widely across countries, R&D intensities
based on BERD should not be strictly interpreted as a measure of the financial involvement of business enterprises in R&D activities. The

. general unavailability of R&D data at a dewiled industrial-leve] precludes the separation of R&D by source of funds.

Anocther caveat associated with this indicator is the lack of intenstionally comparable R&D price deflators, making it necessary
to use current price data which limit accurate historical comparisons. As a result of using current price data, some of the fluctuations in
R&D inmensity could simply be a reflection of relative price changes, not a change in true R&D investment Lastly, the R&D intensities
presented here are based on a flow, rather than a stock, concept. Thus, they fail to reflect accumulated R&D expenditures. Nevertheless,
by calculating the intensities over a 17 year period,’s rough idea of the accumulated stock can be obtained.

Sectoral R&D Intensities

35. Given the diversity that exists between manufacturing industries,
R&D intensities at the sectoral level vary significantly between the
OECD-13 countries. This is evident in Table RDI 1 which presents
the average R&D intensity ratios calculated for two time periods
(1976 10 1978 and 1986 10 1988). R&D intensities are given for nine
manufacturing sectors (two-digit ISIC) as well as for the high,
medium and low-technology groupings. It can be seen that the
intensities of the high-technology industries are in every OECD-13
country significantly higher than the intensities found in the medium
and low-technology industries. The United States exhibited by far the
‘highest intensities in the high-technology sectors during both time
periods, being the only country to exceed the ten per cent level in
1986 1o 1988. France and the United Kingdom, with high-technology
intensities of respectively 8.7 per cent and 8.5 per cent in 1986 to
1988, followed the United States. Although Canada is in the middle
of the R&D intensity of the high-technology group is ranked, it
displayed the strongest asymmetry of intensities between the high-

technology and medium-technology sectors, with the high-technology.

intensity being ten times as large as the mcdium-wchnology intensity.

Value Added or Production as an Output
Measure in R&D Intensity?

In order 10 examine if the ranking of
industries according w0 their R&D intensity
varies using s measure of nel output, sensitivity
tests were carried with value added as the output
factor instead of production (gross output). This
analysis reveals that depending on the measure
used, the R&D intensity for centain industries
increased faster than others. Nonetheless, the
choice of which measure 10 use as & value of
output had Litue affect on the overall ranking of
industries, '

Those industries which were most
sensitive to the use of value added as opposed to
produclion were petroleum refining, non-ferrous
metals, ferrous metals and motor vehicles. This
is because of the imporance of intermediate
inputs 10 these industries which are included in
production data, but not in value added data.

36. The most interesting feature of the table is that countries, such as Germany and Japan, which showed a high total
manufacturing intensity in 1986-88 do not necessarily display a strong intensity in the high-technology group during
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that same period. Japan's level of R&D intensity in the high-technology sectors during the 1986-88 period was below
every OECD-13 country, except for Italy (3.6 per cent). In this sense, there is not necessarily a strong link between
high levels of total manufacturing intensities and an R&D intensive high-technology sector. Rather, a stronger
correlation exists between the R&D intensity of the medium-technology group and the overall intensity of total
manufacturing. A simple Spearman rank correlation indicates a correlation of 0.68 between the total manufacturing
R&D intensity and the medium-technology intensity while the same correlation with the high-technology group is 0.38.

37. In the low-technology sectors, because of the very low intensities (all below one per cent), the countries are
grouped much more closely than in the high and medium-technology industries. Japan had in 1986 to 1988 the highest
intensity (0.7) in the low-technology sectors, followed by the United States (0.5 per cent). In particular, Japan showed
the highest intensity in three (the food group, the textile group and non-metallic mineral products) out of the five low-
technology sectors (Table RDI 1). As for the paper group and the wood group industries, Japan displayed intensities
comparable to the ones exhibited by Canada and the Nordic4 countries where the paper and wood group industries
hold a very important place in their industrial structures.

R&D Intensity Profile of Countries

38. Table RDI 1 showed that countries with high levels of total manufacturing R&D intensities are not necessarily
the countries which displayed the strongest intensities in the high-technology sectors. Figures RDI-2, 3 and 4 provide
further detail by showing the individual R&D intensities of all 22 manufacturing industries for the United States,
Japan, the EC-6, Germany, France and the United Kingdom. Each graph presents R&D intensities calculated over
two time periods (1976 to 1978 and 1986 to 1988) for every manufacturing sector, presented from left to right
following the standard OECD classification of industries according to their technological intensity (ranging from high
to low-technology industries).?

39. A striking feature of the graphs is that the R&D profiles do not fall uniformly from left to right There are
differences over time within an individual country as well as between countries. The most apparent divergence is the
one noted above on a broader scale: the relatively low R&D intensity in Japan of what are traditionally considered
to be high-technology industries. In every country but Japan, four industries (aircraft, computers, communications
equipment and pharmaceuticals) have very high intensities that undoubtedly set them apart from the other industries.
These very high intensities unquestionably make them belong to the high-technology group. Compared to the other
countries, it is clear that the R&D intensity profile of Japan exhibits less of a bias towards high-technology industries
as the R&D iniensities do not drop so markedly as one moves from high to low-technology sectors. R&D resources
in Japan are less concentrated in the high-technology industries and more evenly distributed across the high and |
medium-technology industries as described in Table RDI 1. :

40. Another feature of the graphs is that not all the R&D intensities have increased from 1976-1988 to 1986-1988.
In the case of the United Kingdom, the R&D intensity ratios of two high-technology sectors (aircraft and computers)
have decreased over time. The intensity of the aircraft sector suffered the most significant decline of all manufacturing
sectors in the United Kingdom, decreasing by five percentage points between 1976 1o 1978 and 1986 to 1988. At the
same time, the R&D intensities of the communications equipment and pharmaceuticals industries have significantly
increased, making pharmaceuticals in 1986 to 1988 the most R&D intensive industry in the UK with a R&D intensity
of 13.2 per cent. With nine out of 22 sectors showing a fall in their R&D intensities, the United Kingdom is the
country which exhibited the highest number of sectors with declining intensities.

5. OECD (1986). QECD Science and Technology Indicators, No.2, Paris.
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41. The United States displayed declines in five industries, most significantly in electrical machinery whose R&D
intensity decreased from 5.4 per cent to 1.7 per cent® Nevertheless, the United States showed notable increases in
the R&D intensities of the communications equipment, pharmaceuticals, motor vehicles and other transport sectors.
The communications equipment industry showed the greatest increase in its R&D intensity in terms of percentage
points, rising from 7.8 per cent to 132 per cent. This increase was not large enough for it to exceed the intensity of
the aircraft sector which was in 1986-1988 had a R&D intensity of 20.8 per cent: the most R&D intensive
manufacturing industry in the United States. In France, the aircraft industry also had the highest R&D intensity in
1986-1988, at 15 per cent. France exhibited important increases in the R&D intensity of the communications
equipment, pharmaceuticals, chemicals and other transport industries. However, it is striking that the R&D intensity
of the computers industry has declined by two percentage points from 1976-1978 to 1986-1988.

42. In Japan and Germany, the R&D intensity profiles reveal an unequivocal increasing trend from 1976-1978 to 1986-
1988 with nearly every industry showing an increase in its R&D intensity ratio. In Japan, the strongest rises occurred
in the aircraft, instruments, computers, pharmaceuticals, chemicals and other transports industries. With an increase
in its R&D intensity of 2.4 percentage points, the pharmaceuticals industry has become the most R&D intensive
industry in Japan, surpassing in 1986-1988 the intensity of the aircraft sector. In Germany, the R&D intensities of
only two sectors (aircraft and non-ferrous metals) have fallen. Despite a large decline of almost seven points, the
aircraft sector was still the industry with the highest R&D intensity ratio in Germany (1986-1988). The strongest
R&D intensity increases in Germany occurred mainly in the communications equipment, motor vehicles and non-
electrical machinery sectors. ‘

43. As for the EC-6 countries taken as a whole, the movements in their R&D intensities reflect the intensity
fluctuations observed in France, Germany and the United Kingdom. The decreases in the R&D intensity of the aircraft
and computers industries reflect declines in the intensity of the aircraft sector in Germany and the United Kingdom,
as well as decreases in the intensity of the computers industries in France and the United Kingdom. At the same time,
the R&D intensity of the communications equipment and pharmaceuticals industries has risen significantly, reflecting
the R&D intensity increases of these sectors in Germany, France and the United Kingdom. These gains in the
communications equipment and pharmaceuticals industries meant that they exceeded the R&D intensity ratio of the
computer industry in 1986-1988.

6. Some of this decline could be due to the fact that the United States daia is strictly classified on an enterprise basis while efforts
have been made to convert many of the other countries’ data 1o more of an establishment or product basis. Because the US dau is
on an enterprise basis, it is possible that a change in the classification of a large enterprise from one industry 1o another could result
in such a shift. For example, if General Electric (GE) was re-classified out of the electrical machinery industry.
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Table: RDI-1

19

Average R&D Intensity Ratios
e iSIC industry Sanada Denmark foance Germeny —,
1975-78  1006-88  1076-78  1966-88  1076-78 198688  1076-78 198648 1976-78 _ 1086-88
3000 | Total Manufacturing o.se 1.04 0.76 1.30 142 217 149 240 0.44 0.8
3100 | Food group 0.1s 0.20 017 0.3 0.11 0.21 0.08 0.17 0.02 0.06
3200 | Textiles group 0.08 027 016 0.07 0.16 0.18 0.09 0.24 0.0 0.01
3300 | Wood group 0.05 0.4 0.09 0.1 0.04 0.06 0.05 0.38 0.01 0.01
3400 | Paper group 0.25 0 007 0.03 008 0.11 0.10 0.7 0.0 0.0t
3500 | Chemicai group 0.86 0.98 154 246 1.72 an 231 295 NA NA
3600 | Non-metalic mineral products 0.16 0.3 065 0.00 0.69 on 0.29 0.80 0.0 0.08
3700 | Basic metais 0.6 058 019 0.0 048 0.7 037 0.50 0.08 0.0
3800 | Fabricaied metal producs 1.08 225 147 2z 2896 s 252 a8 0.85 200
3900 | Other Manutacturing 0.17 .06 NA NA 0.39 0.32 0.09 0.72 0.53 0.05
High technology a7n 843 NA 6.98 794 8.72(1) 554 7.21 1.64 3.63(2)
Medium schnology 0.45 0.57 NA 1.96 151 203(1) 202 288 o 1.04(2)
Low technology 0.24 0.30 022 0.30 0.25 0.36 0.15 0.40 0.07 0.13
Japan, Nordic4 United Kingdom ___United States ECS
I076-78  1986-88  1976-78  1906-88  1076-78 190688  1976-78 198608 _ 1078-78 108688
3000 | Tota! Manufacturing 112 226, 12 1.94 137 204 2.1 3.36 1.2 1.9
3100 | Food group 0.27 0.56 023 0.3 0.30 0.24 0.19 0.3 015 0.20
3200 | Textiles group 0.18 0.48 0.17 0.2 0.4 0.13 0.10 0.18 0.16 0.1
3300 | Wood group 0.12 0.22 0.12 0.14 0.06 0.04 022 0.14 0.04 0.13
3400 | Paper group 0.18 0.30 040 0.43 0.1 0.13 0.34 0.2¢ 0.00 0.11
3500 | Chemicai group 186 313 188 285 151 26 184 27 1.8 260
3600 | Non-metalic mineral products 0.92 215 0867 0.83 057 0.3 0.80 1.48 0.35 0.45
3700 | Basic metals 0.46 147 117 11 043 0.47 053 063 0.38 0.55
3800 | Fabncaied metal products 1.99 336 252 40 274 402 442 en 23 35
3900 | Other Manutactunng 0.62 1.2 NA NA 147 1.2 1.28 1.19 0.72 0.70
High 1echnology 349 5.4 NA 9.35 696 848 976 1.8 NA 6.05(1)
Medium wchnology 1.60 285 NA 2m 113 1.66 1.74 254 NA 2.08(1)
Low technology 0.34 0.72 039 0.47 032 0.26 039 0.52 0.22 0.32
{1): 1986
{2): 1985-87
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Figure RDI 1

Total manutacturing R&D Intensities
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Figure RDI 3
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Figure RDI 4
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Investment Shares within a Country

44. Movements in investment shares capture the annual changes in the flow of investment into different manufacturing
industries, giving a picture of broad structural shifts that are taking place in manufacturing (see box for definition and
discussion of investment shares). From this perspective, it is evident that there has been a steady swing away from
investment in low-technology. (low R&D-intensity) industries, with the share of these industries in total investment
declining from around 55 per cemt of the total in the early 1970s to 45 per cent in the late 1980s and into the
machinery and fabricated metal products industry, particularly the motor vehicles industry (Figure IS 1). Despite
differences among countries in investment specialisation, most moved out of, and into, the same industries. Nearly
every country increased or maintained investment shares in machinery and fabricated metal products and in paper and
printing. Almost all moved out of textiles, apparel and leather, basic mezals, and non-metallic mineral products.

Chemicals remained flat or declined in most cases.
Investment in Low-technology Industry

45. Low-technology industries account for one-half of
total manufacturing investment in most OECD
countries. These industnies, particularly process
industries such as food, paper products, petroleum
refineries, non-metallic minerals (building materials)
and iron and steel, are capital-intensive and have
continued 10 take a large share of all physical
investment in OECD countries through the period
1970-1990. However this share declined significantly
in most countries from an average around S5 per cent
in the early and mid-1970s to around 45 per cent at the
end of the 1980s, although there were some signs of an
uptumn in the share of investment at the end of the
period (Figure IS 2). The decline has been associated
with shifts away from capital-intensive heavy industry
(e.g. iron and steel, heavy engineering) towards
technology-intensive industry in most countries, coupled
with structural adjustment and scrappmg of surplus
capacity in heavy industries.

46. Germany and Japan had the lowest shares of
investment in low-technology industries (around 40 per
cent) at the end of the 1980s. However their
investment experience has been different. Germany has
consistently had a lower than average share of
investment in these industries. Japan shifted resources
rapidly from having. a higher than average share of
‘investment in low-technology industries -in the
mid-1970s (55-60 per cent) to a lower than average
share at the end of the period (below 40 per cent), as
investment was reduced in basic metals and textiles and
increased in electronics and. related industries.

47. Resource-based OECD economies maintained
rclatively large shares of investment in low-technology
industries. Of all countries for which data is available,
Finland, Denmark and Norway have the highest shares
of investment in low-technology industries. In the

Description of the Indicator

“Investment” is gross fixed capital formation (GFCF) as
defined in the System of National Accounts. The investment
shares indicator is calculated by dividing annual GFCF invesment
expenditures 1n each individual industry by total GFCF for all of
manufactunng for each country or group of countries. The toul
for all manufscwiring sums to one.

The indicator shows the relative distribution of annual
investment expenditures. It illustrates shifis in investment over
time in individual countries, and differences between countries in
the distribution of investment. It is an imporant indicator of
structural change, s different industnes mvest a1 different rates to
increase capacity and expand (capitsl-widening), or change
production methods and become relatively more capital-intensive
(capital-deepening). In conjunction with employment shares and
R&D shares the indicator shows changes in key inputs into
production. This indicator also shows variations in national
induntrial specialisation, reflecting natural and  acquired
comparative advantages.

The main weakness of the indicator is that annual values for

" a few years may not reflect long-term trends in the capital stock,

and hence the capual intensity of produclion. Cspital stock data
give 8 more relisble picwre of the use of capual in differem
indusines. But capual stocks are difficult to construct, because
scrapping rates and economic lifetimes of capital assets change
both over ume and among industnes, and can change dramatically
over short penods, e.g. when large pans of national industries
such as sieel and ship building become un-economic and close.

Furthermore, the investment cycle varies among industries,
and annual compansons among industries should be treated with
caution. For example process industnes producing intermediate
goods such as chemicals and basic mewls have a similar
invesument cycle, but one which is different from other
investment -intensive process indusines such as paper pulp. These
are different again from indusiries more closely linked 10
consumer demand such as construction matenals or consumer
products such as mowor vehicles or consumer electronics, or
indusines producing investment goods.

The investment cycie also differs among countries, despite
convergence of economic cycles. The United Suates went into
recession well shead of conunenal Europe and Japan in the
current economic cycie. Smaller economies are much more likely
to show large annual changes 1n the distribuuon of their
invesiment due to the impact of large projects in capital-intensive
industnes with "lumpy” investment behaviour.
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Nordic countries the low-technology share of total investment was 65 per cent or more at the end of the 1980s, except
in Sweden where it was around 55 per cent throughout the 1980s, and in Canada where it was over 55 per cent at the
end of the 1980s. The paper, wood and food groups were panicularly important and consistent investors in capital
equipment in these countries. Australia has maintained relatively high shares of investment (around S5 per cent) in
low-technology industries particularly in food processing, paper products and basic metals. In Italy, textiles and
apparel, non-metallic minerals, and the share of total investment in low-technology industries showed a rising trend.

Investment in Different Industries

48. The machinery and fabricated metal products industry has consistently held the largest share of total investment |
for the OECD-13 as a whole. On an individual country basis, it was the leader in eight of these thirteen countries,
was the alternating leader with other industries in two countries, and was the second most imporiant sector of
investment in the other three countries.

49, The chemical industfy is the next most important investing industry, being the lead source of investment in two }
countries (the Netheriands and Norway), the second most important investing industry in six other countries and the
third in four countries. The food, beverages and tobacco industries are the second most important sources of
investment in Denmark and occupy third position in five other countries. A small number of other industries each
count among the most important investors in a few countries. These include paper, printing and publishing in Finland,
Canada and Sweden, and basic metals in Australia (particularly non-ferrous metals). Basic metals were also important
during the early part of the 1970-1990 period in Sweden and Germany. Textiles, apparel and leather goods are |
important investors in Italy. '

50. The broad fabricated metal products and machinery industry increased in imporance as a source of fixed
investment in most countries over the two decades. Japan and Germany had the highest shares of total investment
in machinery and fabricated metals at the end of the period -- 48 and 46 per cent respectively, with Japan increasing
its share by over one-half from 32 to almost 50 per cent from 1970 through 1o the end of the 1980s (Table IS 1).
Of other countries, only the United States and Sweden had investment shares greater than 40 per cent in this industry |
at the end of the 1980s. The only exceptions 1o this general rend were found in the United Kingdom, Denmark, |
Norway and Australia, but declines in the share of investment were not particularly imponant and may well have been
cyclical. '

51. The motor vehicle industry was the most important investing industry within the broad machinery and fabricated |
metal products industry at the end of the 1980s. Motor vehicles were particularly important investors in Germany, |
Japan and Canada at the end of the period. In both Germany and Japan they ranked just behind the broad chemical |
products industry. And in Canada, motor vchicles was a more important investor than chemicals at the end of the
1980s. The motor vehicle industry was also the most important of the machinery and fabricated metal products
industries in Australia, France, the United Kingdom and the United States at the end of the 1980s, surpassing other}
industries in this sector such as computers, electrical machinery and aircraft.

52. Of the other industries within machinery and fabricated metal products, non-electrical machinery (including offi
and computing equipment) was particularly important in Denmark, Finland and Norway, fabricated metal produci
in laly and the Netheriands, and electrical machinery in the United States. In Japan there was also considerable
investment in the radio, TV and communication equipment industry (comprising consumer electronics, communicati
equipment and semiconductors) towards the end of the period as Japanese industry invested heavily in expori-oriented

industries. A

53. Within the broad chemical industry, industrial chemicals was the key source qf investment, but the pattern
investment fluctuated widely due to the bunching of large-scale investments in major plants in this industry.

54. The paper products and printing industry had the most significant increase in its share of investment. This indu

had the largest increase in its investment share for eight of the thinteen countries and had significant increases in twi
others. Machinery and fabricaicd metal products had the second most important increase in invesunent share, havi
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the largest percentage share increase for three countries. These two industries had by far the most important increases
in invesiment shares.

55. Basic metal industries had the largest declines in their share of investment (from around 15 per cent to around
seven per cent). These industries (particularly iron and steel) experienced the most important drop in the share of
investment in eight countries, and significant declines in their share in three other countries. Textiles and apparel had
the second largest relative declines in investment shares (from around 5 to around 3 per cent). They had the most
important decline in share in three countries, and there was an impornant decline in share in eight other countries.
The non-metallic mineral products industry is the other major industry to significantly lose its share of investment with
declines in eight countries.

56. Industries retaining a stable share of total invesiment were the consumer industries of food, beverages and tobacco
(around one tenth of total investment) and wood products and furniture (two 10 three per cent of total investment),
and the intermediate chemical products industry (slight declines from a little over 20 per cent to a little less than 20

per cent of the total).
Country Specialisation

57. By country there was a wide variation in the specialisation of industrial investment, and considerable differences
in the speed with which countries changed the structure of their investment. Japan had the most noticeable changes
in the patuem of investment, away from basic metal industries (particularly iron and sieel), textiles clothing and leather,
and o a lesser extent chemicals and towards the machinery and fabricated metal products industries (and paper and
printing), noticeably towards motor vehicles and radio, TV and communications equipment. France and Germany also
changed their investment structures markedly, with France moving out of basic metals, textiles, building materials and
chemicals, and towards the machinery and fabricated metal products industries. Although Germany had somewhat
smaller changes in its structure of investment, it too moved away from basic metal industries and textiles towards
machinery and fabricated metals and paper and printing.
58. Despite differences among countries in their areas of specialisation, of more interest is the clustering effect as most
countries moved out of investing in the same industries, towards investing in the same set of industries. Nearly all
the countries increased or maintained their investment share in machinery and fabricated metal products and in paper
and printing. Almost all moved out of textiles, apparel and leather (with the exception of Italy which increased its
share), basic metals (no country increased its share), and non-metallic mineral products Chemicals remained flat
or declined in importance in all coumnes except Norway.,
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Figure IS 1

Investment Shares Across the OECD-13
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Table: IS-1

Investment Shares within a Country

Ausirells Canada Denmark Finland Germany Taly France
I1SIC _Industry e N _ 1970 1984 1970 1988 1970 1988 1970 1988 1970 1968 1970 1968 1970 1989
3100| Food, bever\ages & tobacco 1454 17.36 1090 8.75 2081 209 12.84 10 00 10.61 9.30 6.61 9.70 1347 1272
3200 | Textiles, apparel & leather 478 543 319 203 787 4.00 5.62 0.24 $.30 .14 toes 1403 8.35 4.32
3300 | Wood products & furniture 309 370 5.56 6.73 6.54 462 8.82 5.26 3.09 238 0.00 0.00 285 J3.62
3400} Paper products & printing 6.92 9.89 2069 2573 9.19 1228 24.63 39.70 5.47 7.28 422 805 490 10.31
3500 { Chemical products 1377 1344 1888 1455 16.2) 17.14 15.76 1555 2163 19.20 na. " na 2499 18.04
3600 | Non-metallic mineral products 566 5.6 an 268 12.72 820 461 410 6.11 459 8.31 6.91 797 563
3700} Basic metal indusires 26:94 21.42 15.24 1031° 1.32 096 .9.31 744 12.09 705 844 8.12 10.56 9
3800 | Fabricated metal products 2353 2298 1942 2766 2459 28.43 17.89 17.15 35.28 4645 2525 3396 26.91 3666
3900 | Other Manufacturing 0.76 0.41 1.35 1.35 0.72 228 052 0.56 041 0.61 na. na. 0.00 000°
Jepan Netherisnds Norwey Sweden United Kingdom United Stetes OECD-12**
I N | ! 1968 1970 1988 1970 1968 1970 1988 1970 1968 1970 1988 1970 1984
3100| Food, beverages 8 tobacco 782 9.00 16.05 18.07 10.94 18.34 107 693 12.06 14.78 9.29 1045 10.39 1087
3200 | Textiles, apparel & leather 524 3.16 401 245 3.07 090 3.01 1.82 593 438 5.02 3n 521 352
3300 | Wood products & fumiture 179 m 245 226 759 513 5.89 672 158 269 342 3s1 296 286
3400 Paper producis & printing 6.39 9.11 733 1186 11.84 12,00 2197 2350 6.41 1381 9.44 1469 799 951
3500 Chemical products 2256 16 59 31.14 31.42 12.79 35.30 11.14 175 2359 1943 2301 17.12 2246 1852
3600 | Non-metaliic mineral products 459 363 7.10 410 437 435 4.07 282 8.12 7.10 398 2 528 401
3700 Basic metal industries 18.80 8.85 956 317 18.35 7.18 12.50 5.90 10.24 5.31 121 523 1343 8.01
3800 | Fabricated metat products 3207 4767 2184 2598 2258 16.36 29.99 38.20 3325 318 3356 4230 3155 4201
3900 | Other Manutacturing 135 1.35 05t 069 0.46 0.44 0.45 0.37 0.81 0.64 107 0.81 na. na

* For Frarice other manufacturing is included in wood products and Wo
** an OECD- 12, which excludes laly, is used here to allow for the calculation ol chemical products.




Investment per Employee

59. Gross investment per employee (IE) is the amount of annual expenditures on plant and equipment in an industry
divided by the number of employees in that industry (see box for details). Generally, high wage, medium-technology
and scale intensive industries are positively correlated o the IE indicator, while low wage, labor intensive industri
are characterized by a relatively low investment per employee activity.

60. In terms of the OECD-13 total manufacturing average, IE has increased steadily since 1970, except in 1971-19
(minus 0.3 per cent) and in 1982-1983 (minus eight per cent), to end up in 1987 three times higher than the 197
level. To a large degree this increase is a reflection that the investment indicator is caiculated using current
and thus includes a large element of inflation. Nevertheless, this smooth increase in the average OECD-13 indi
contrasts with the fluctuating path followed by most countries, a dissimilarity which seems to go beyond the obvi
statistical effect. Three factors conwribute to such a phenomenon: 1) the mismatch among short-term economic cyc
between countries; 2) differences in national macro-economic policies, and 3) the existence of international capi
flows. These factors reflect the fact that national variations in investment behavior are not exclusively a domestig
affair, but are frequently affected by the existence of a global economic system. ‘

Description of the Indicator
Gross investment per employee (IE)
is calculated as the gross fixed capital
61. Figure IE 1 illustrates the IE indicator aggregated by wage levels, formauon in & cenain industry divided by
technology intensity, and orientation for the 1985-1987 average for those the '.‘ﬁ“:‘:m‘“";‘:o:‘mm" industry for 8
countries where the data is available. IE is positively correlated to wage et B " $Topng-
levels. In terms of technology, the medium group generally ranks first, |. The gross fixed capital formation
; : . : values have been convened to U.S. doilars
except in the' United Sxa_tes, wherg itis pWed by the high-technology by using the purchasing parities for
group, and in Norway, where it comes immediately after the low- capital formation. This m‘ version allows
technology group. Only for the United States, Germany, and Japan did inlemslional comparisons, with the
. g _ limitation that time-sen i
the high-technology group clearly exceed the low lechnology group in m m‘h::‘ senes ‘:"d"'.:'""‘ 0
terms of investment per employee :

Major Groupings: Wages, Technology and Orientation '

The IE indicawor is built using
2. : : - : measures of the traditional factor inputs,
62. The sectoral gtpupm; based on ongmauon also displays a rather capital and labor. As regards the fomer,
common pattern, with minor exceptions in the profiles of Norway and capital stock would be the ideal measure,
Japan. The scale intensive group is always associated with the highest [E but the lack of relisble capual stock data in
values, the science based and the resource intensive groups constantly | ™ost OECD counines forces the use of

third Dositi d th ialized lier and investment flow data. As a result, IE is not
appear 1n the second or position, and the specialized supplier a s0 much a proxy for the degrec of capital

labor intensive groups regularly rank fourth and fifth, respectively. The versus labor imensity, as » weighted

two countries mentioned above aiso conform to this general pauem, measure of investment activity.
although Japan shows an above average IE value in the specialized IE capeures basic ral 1rend
supplier group, and Norway records a below average IE value in the in investment, but because investment

behavior depends w0 a large degree on
interest rales, business confidence and
previous investments, the trends can be quite
volstile, especially in capual intensive
Industry Profiles indusines and in smal} economies. Given

the sensauvity of this indiactor and its
sometime erratic behavior, moving averages

scale intensive groups.

63. Regularities and exceptions just described are accounted for by the are presented 10 smooth the movements 30 |
underlying country by industry profiles presented in Figure IE 2, where that 2 more general trend can be discerned.

the industry IE values have been normalized by the total manufacturing .
IE value. .

64. From these figures, it is clear that petroleum refining is the industry which has the highest IE values, exceedin;
the manufacturing average by at least a factor of three in every country. After petroleum refining, industrial chemical
and non-ferrous metals are the next two industries which typically had investment per employee ratios in the lay
1980s that were about twice as high as the manufacturing average. Other sectors which frequenty had an investmen
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per employee Tatio that exceeded the manufacturing average are motor vehicles, pharmaceuticals and the paper group.
Textiles, apparel and leather was the sector which consistently had the lowest compensation per employee when
- compared 10 the manufactuuring average, usually about one-half of the average. The wood group, metal products
indusory and non-electrical machinery industry also consistently had ratios below the manufacwring average. The
industries that remain -- the food group, plastic products, ferrous metals, computers, electrical machinery and
communications equipment -- all tend to have investment per employee ratios which were roughly in line with the
manufacturing average.

65. These variations reveal that the Norway's high investment per employee in the natural resource intensive group
is mainly due to the presense of a high petroleum refining ratio. The industrial chemicals, non-ferrous metals and
motor vehicle industries pull up the overall ratio for the medium-technology group with motor vehicle investment the
factor behind the high Canadian level in this group. The higher cross-country variance in the IE values for computers,
pharmacuticals and aircraft industries explain the different country levels for the high-technology and science based
groups. ,

—
Changes in Investment per Employee Over Time' Table IE-1: Ranked 1986 Investment per Employee

66. As regards the relative change in the IE indicator by
industry over the period late-1970s 10 late-1980s, only
six industries adhered to a consistent trend across
countries: the food and wood industries, which
decreased their IE intensity, and the paper, chemicals,

. Canada 6718 5675
plastic products and ferrous metals industries which =
increased, with very few local exceptions. Norway 6076 6779
o Finland 5239 5279
67. The individual country changes in the ratio of ‘
investment per employee relative 0 the manuafcturing France 4829 4986
average reflect the strucwral changes underway in that Italy . 4209 4305
country. Australia was characterized by a sharp decline =
Sweden 4164 4853

in petroleum refining and motor vehicles, accompanied
by a large jump in non-ferrous metals. Canada Australia 4117 4073
exhibited the biggest decrease in chemicals, offset by a

considerable increase in motor vehicles. Denmark United States 4073 3442
increased its already above average position in Denmark 4102 4774
chemicals, non-mewallic mineral products, and ships. Germany 2671 o
Finland appeared to deepen its investment in paper and

ferrous metals, and recorded a significant increase in Japan 3383 4464
chemicals. France regisiered a slight deterioration in the United Kingdom 2331 2383 &

petroleum refining and non-ferrous metals industries, but
maintained a high IE in non-metallic mineral products.
Germany has a decreasing ratio Of INVESUNICNU PET oummmmmmm s
employee in petroleum refining and computers, although
the latter remains particularly high. The profile in Italy shows it W be specialized in the textile, ferrous metals and
computers industries, with a jump in non-ferrous metals. Japan has above average ratios in the chemical, motor
vehicles, aircraft, petroleum refining and ferrous metals industries, although the lauer two have declined over time.
' Both the Netherlands and Norway offset a reduction in chemicals with an increase in petroleum refining. Sweden has
a high ratio in the paper industry, and shows no significant shifts in the overall rend. The United Kingdom is
characterized by above average chemicals, pharmaceuticals, and non-metallic mineral products; the decrease in ferrous
metals is offset by the increase in computers. The United States records a significant improvement in the
pharmaceuticals, computers, electrical machinery, communications equipment, and aircraft industry, while registering
a falling ratio in chemicals and petroleum refining.
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Country Rankings

68. These sectoral differences are the driving force behind the country rankings shown in table IE-1. Regardless of
whether the investment flows were converted 10 a common currency using purchasing power parities (PPPs) or US
dollars, the ranking for the countries with the most investment per employee in the manufacturing sector does not
change. The prominence of the Netherlands, Canada and Norway in this top group is a reflection of the large
petroleum refining, industrial chemicals and non-ferrous metals sectors within these countries. Likewise, the somewhat |
surprising presence of Japan and Germany in the bottom half of the list is indicative of the fact that their economics
rely more on less investment intensive industries such as non-electrical and electrical machinery, communication

equipment and instruments. *
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Figure IE 2
Investment per Employee

Industry / Manutacturing

Australi

B Av. 197678 [] Av. 198284

Canada

B Av.1976-78 [] Av. 1986-88
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Denmark

4.3

4.1

B Av.1976-78 [] Av. 1986-88

Finland

B Av.1976-78 ] Av. 198688
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France

W Av.1976-78 [] Av. 198688

y..

German
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italy

B Av.1976-78 [ Av. 198688

Japan

B Av 197678 [] Av. 198688
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Norway
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38



Sweden

43

B Av.1976-78 [] Av. 1986-88

4.1

United Kingdom

B Av.1976-78 [] Av. 198688
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Export Market Shares across the OECD-13

Total Manufacturing

69. Germany and the United States dominated the export market in manufactured goods, with a combined share of} -
about 38 per cent through the 1970s and 1980s (Figure XMSO 1). Germany's share of OECD-13 total manufacturing|
exports was slightly higher than the United States in-the 1970s and again in the late 1980s, but in the early 1980s,
the United States led for several years. Over the twenty-one year period from 1970 to 1990, the export market share
held by Germany increased slightly, rising from 19 per cent 1o 20 per cent, whereas the share of the United States|.
fell from 20 per cent 10 17 per cent (Table XMSO 1). The biggest gain in total manufacturing export market share
was made by Japan. It's share rose from 11 per cent in 1970, peaking in the mid-1980s at 18 per cent, and although
it’s share declined through the late 1980s Japan still maintained a share of 15 per cent in 1990. The majority of the|
EC-6 countries also increased their export market shares. Italy in panticular had its export market share rise from
seven 10 nine per cent, but France’s and the Netherlands® shares also grew. The countries, in addition to the United
States, whose export market shares declined, include most of the Nordic countries as well as the United Kingdom and
Canada. (See the box for a complete description of this indicator.)

70. Below the aggregate of total manufacturing, the share movements Description of the Indicator

among countries were much more volatile. Japan gained export market

shares in more industrics than the United States and most of the
European countries. Most of these industries in which it gained shares
were in high-technology or high wage industries. In the low-technology
and low wage industries, on the other hand, Japan's shares declined
dramatically whereas expont shares from the European countries and the
United States showed strong growth.

Low-technology Industries
71. Low-technology exports are a shrinking part of OECD-13

manufacturing exports, falling from 39 per cent in 1970 10 31 per cent
in 1990. In these low-technology industries, Germany dominated the

Expon market shares are calculsted
as exports in a cenain industry for 8 given
COUntry OF COUnIry grouping as a Proportion
of expons to the world for the OECD-13 in
this industry. This indicator is limited by
the inclusion of only 13 countries. It does
not try 10 make any adjustment for intza-firm -
trade or sales made by a foreign owned
company operating in another country.

The export market shares could have
been much more volatile in some cases had
data for other countries, such as the dynamic
asian economies been included. For
purposes of converting 0 8 comman
currency, exchange rates were used, and it
should be noted that the results could be
significanly differem if purchasing price

OECD-13 export market. Its share between 1970 and 1990 was at least
two percentage points higher than any other country, and by the laie
1980s this lead had streiched to five percentage points (Figure XMSO 1). ‘
This lead reflects strong expon shares in every low-technology industry. The position of second largest exporter in
low-technology industries, has been held by the United States, Japan, France and laly in various years. Through most |
of the 1970s, Japan was exporting substantially more than all of the other countries, except Germany. In 1977,
however, Japan’s export market share began to decline in the low-1echnology industries, and by 1990, after its share {
had falien by aimost one-hal, it was exporting less than five of the European countries, and the United States. Japan's
export share was falling most sharply in the wood, food and textile groups. The United States’ share remained |
relatively constant. Despite a small drop in the early 1970s, it had 13 per cent of the export market in 1990, just as
it did in 1970. The country that gained significantly was laly. lwaly increased its export market share from eight 10
12 per cent between 1970 and 1990 and by 1985 it had overtaken every country except Germany. It accomplished
this mainly through its preeminent position and large growth in the textile, apparel and leather and non-metallic
mineral products industries. In particular, Italy strengthened its lead as the lead textile group exporter with its expon
share rising from 19 to 29 per cent over the period.

power parities had been used.

72. In the food, beverages and tobacco industry, Japan has seen a significant decline with its share falling from four
to 1.2 per cent between 1970 and 1990. The United States, while still holding the largest share in this food group,
with about 19 per cent of the export market, fell, but only slighly. The largest increases in this food group occurred
in the European countries. Germany and Italy more than doubled their respective export shares. France, the United |
Kingdom and the Netherlands’ also displayed small increases in their export shares.
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73. In the wood and paper groups, Canada maintained its position as the largest exporter, despite a fall in its shares
from 25 per cent to 19 per cent and 25 0 17 per cent, respectively between 1970 and 1990. These are the only
industries, in 1990, in which Canada held the largest export market share. In wood products and furniture, Germany,
Italy and the United States were approaching the same level of exports as Canada, with export shares of 16, 15 and
14 per cent in 1990. Of these three countries with increasing market shares, Italy had the most remarkable growth.
Its export share rose from only six per cent in 1970 to 16 per cent in 1990. Sweden and Finland both experienced
a large decline in this industry. In 1970, Finland had a larger export share in this industry than it held in any other,
and Sweden’s export market share in the wood group was second only to the share it held in the paper group.
Although these countries shares declined, from 11 to 6 per cent for Finland and 14 1 nine per cent for Sweden, the
wood and paper groups remained the dominant export industries.

74. The petroleum refining industry is unique in that it is the only low-technology industry which is also a high wage
industry. In addition, the export market shares in this industry do not exhibit the same trends as most of the other
low-technology industries. It is the only low-technology industry in which Japan notably increased its export share
and it is the only low-technology industry in which Italy lost export market share. ltaly fell from being the second
largest exporter in the petroleum refining industry in 1970, behind only the Netherlands, to the fifth largest exporter
behind the Netherlands, the United States, the United Kingdom and Germany. The Netherlands’ leading position in
the petroleum refining industry is striking. This is the only industry in which the Netherlands is the largest exporter,
and in 1990, its export share of 22 per cent was a full five percentage points over the second largest exporter, the
United States. ‘

Medium-technology Industries

75. The medium-technology industries accounted for 44 per cent of exports in 1990, just as they did in 1970.
Germany was the largest exporter in these industries, just as it was in the low-technology ones, maintaining 21 to
26 per cent of the export market between 1970 and 1990 (Figure XMSO 2). Unlike in the low-technology industries,
Japan gained export market shares in the medium-technology group while the United States lost share. The United
States was responsible for 22 per cent of medium-technology exports in 1970, but in 1990 had a share of only
15 per cent. Japan more than doubled its export market shares from eight to 16 per cent during the same time. Most
of the European countries increased their export shares slightly, with the exception of the United Kingdom whose
share declined from 12 to eight per cent in the medium-technology industries.

76. The changes in the medium-technology group, for most countries, are being driven by two industries: motor
vehicles and non-electrical machinery. In both of these industries, Germany was the leading exporter between 1970
and 1990, with approximately one-fourth of these markets. In motor vehicles, Japan more than tripled its export share,
moving from eight per cent to 25 per cent in 21 years, while the shares of the United States, Canada and the United
Kingdom fell. The United States’ decline was the largest as it moved from 19 1o 12 per cent. Canada lost six
percentage points, and the United Kingdom's export share was cut in half. As a result, Japan moved from exporting
less than three of the European countries as well as the United States and Canada in 1970, w being the second largest
motor vehicle exporter, behind only Germany in 1990. Most of the Nordic countries also increased their export market
shares in motor vehicles, although their combined share in 1990 was still less than four per cent In the non-electrical
machinery industry, the United States has maintained its position as the second largest exporier, despite losing one-
third of its market share. Japan on the other hand, increased its export share from six to 16 per cent, attaining the
third largest export market share behind only Germany and the United States.

High-technology Industries

77. The high-technology industries are a growing part of OECD-13 exports. In 1970 they accounted for 17 per cent
of exports and by 1990 they accounted for 24 per cent. Japan's increases in export market shares were equally strong
in the high-technology industrial grouping as they were in the medium-technology grouping (Figure XMSO 2). Japan
gained seven percentage points in the high-technology industries between 1970 and 1990 to reach a share of
21 per cent by 1990. This growth enabled Japan to overtake Germany, whose share declined slightly from 18 o
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16 per cent. The United States, despite a fall from 31 per cent in 1970 to 26 per cent in 1990, managed to remain
the largest exporter of high-technology industries, although its lead of 14 percentage points was cut to five.

78. The United States’ commanding lead in the high-technology grouping is mainly attributable to the aircraft industry.
In 1970 it was responsible for 62 per cent of the exports from this industry. By 1990, the United States’ export
market share had fallen to 48 per cent, but it maintained a lead of 35 percentage points over its closest competitor,
Germany. Its decline was counterbalanced by increases in exports shares of three European countries, Germany,
France and Italy. These countries shares rose from three to 13 per cent, seven to 12 per cent and two to four per cent,
respectively between 1970 to 1990,

79. Exports from the office and computing machinery industry were also dominated by the United States, although
its position in this industry was not nearly as stable as it was in the aircraft industry. In 1970, the United States’
exports were more than twice as high as any other country. During the 1970s, the United States’ gained a larger share
of the export market than any other country, but this trend was dramatically different in the late 1980s. From 1984
t0 1990, the United States’ export share fell from 38 per cent to 28 per cent. Meanwhile, from the early 1970s on,
Japan’s share had been slowly increasing, and by 1990 its export share of 25 per cent was three times higher than it
had been in 1970. Germany and Italy, like the United States, declined as Japan rose, their shares fell five and four
percentage points, respectively. The United Kingdom, on the other hand, managed to increase its export share, from
nine to 13 per cent. It was the only high-technology industry in which the United Kingdom gained significant export
market share, ,

Triad
. g .

80. By excluding the intra-EC trade for the EC-6 countries and comparing this EC-6 block to the United States and
Japan, it is clear that the EC-6 dominates exports from the OECD-13 10 the world. In the total manufacturing sector,
from 1970 to 1990 intra-EC-6 trade accounted for between 36 and 43 per cent of EC-6 exports. Excluding this intra-
EC-6 trade from the overall sum of trade of the 13 OECD countries, the total manufacturing exports from the EC-6
were larger than the sum of the exports from Japan and the United States combined from 1970 until the mid-1980s.
Although this was no longer true after 1986, due to Japan's strong increase, the sum of the United States and Japan's
export shares were only one percentage point higher than EC-6’s in 1990.

81. The movements in the shares of total manufacturing exports between the EC-6, Japan, and the United States
change when the EC-6 is examined as a block and not simply as the sum of its countries. During the period from
1970 10 1990, intra-EC trade was rising faster than exports from the EC-6 countries to non-EC-6 countries. In fact,
the intra-EC-6 exports were increasing so quickly that when the export shares of the EC-6 countries are summed, the
sum rises over the two decades, whereas the shares of the EC-6 block remain constant over this time, at 42 per cent.
Japan’s share of total manufacturing exports grew from 14 to 20 per cent, and the United States’ share fell from 25
10 23 per cent during the same period.

82. The EC-6 dominance is not merely evident at the total manufacturing level, but also in almost all of the detailed
sectors. In 1990, in all but three industries, the EC-6 exported more than every other country. The three industries
in which it did not lead the OECD-13 in exporis are communications equipment, aircraft and other transport
equipment. Japan had the leading share in the communication and other transport industries, with 42 and 48 per cent
of the export market in 1990, while the United States exported the most from the aircraft industry this year with 58 per
cent of the market.

83. At a sectoral level, intra-EC-6 wrade ranges from 26 and 57 per cent of the exports from the EC-6 block. In
general, and in contrast to exports from most of the other countries, the percentage of trade between the EC-6
countries is higher in lower technology industries than in the higher technology ones. One notable exception is the
office computers and machinery industry. In this high-technology industry, intra-EC-6 trade is at its highest level,
accounting for 57 per cent of all EC-6 exports.
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84. It is these same lower technology industries, in which the EC-6 block is gaining the most of the OECD-13 expont
market. The EC-6 shares increased substantially in the food group, the textile group, the wood group, the paper group,
the non-metallic mineral products and basic metals. In the foad group the EC-6 held over S0 per cent of the world
export market, and in the textile group the EC-6 auained 68 per cent of the market in 1990.

85. In the slightly higher technology industries of chemicals and fabricated metal products, the EC-6’s export share

~ declined slightly between 1970 and 1990. It's shares in these industries fell from 52 to SO per cent and from 42 ©
38 per cent respectively. The largest drops occurred in petroleum refining, aircraft and communications equipment.
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Figure XMSO 1

Export Mérket Shares Across the OECD-13
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Export Shares across the OECD-13
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Figure XMSO 2

Export Market Shares Across the OECD-13

Medium technology industries
Export Market Share (%)

30

25
20
15

10

Y 0 IR NS TS NN N S N SO WU R S OSSN T Y SO S
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990

Export Market Shares Across the OECD-13
High technology industries

Export Market Share (%)
35
25 R e TTIIIN
20 | . e o
-’ ‘s—_——’:. ..... -
........... T"‘\ - - P ks .
15 N Lt '..' e -~ ‘~~‘ --” - am w=
e
L
SWESCFSQSSE}W
| ] 1 1 J | | l | 1 1 L1 | | { | | 1 1

0
1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990

ited States Germany Japan France United Ki “Ita
Un y pa Engdom ’bf_

@ @ e  sscasses

47




Revealed Comparative Advantage

86. With the exception of Japan, the indices of revealed comparative advantage (RCA) were relatively stable from -
1970 to 1990 reflecting the fact that the distribution of each countries’ exports moved in the same direction as the.
shifts that occurred on average across the OECD-13 countries. In 1970 only three countries: Japan, the United
Kingdom and the United States, had a high-technology RCA over the OECD average, 1.00 (Table RCA 2). The same
was true in 1990. The individual Nordic-4 countries and Australia kept, for the same time period, an RCA well over
the average of the OECD-13 countries in the low-technology and resource intensive industries. Conversely, it was
mainly EC-6 countries and Canada that maintained, or exceeded, the average RCA level in the medium-technology
group of industries. The exception to this general trend of relative stability occurred in Japan where the mix of
exports relative to the OECD-13 average changed significantly over the two decades as Japan's RCA in the high wage
and high-technology groups increased while the figure for the low-technology and low wage groups dropped. The
box describes the characteristics of this index in greater detail.

~ 87. The United States had in 1970, 1980 and
still retained in 1990, in terms of RCA, a
very competitive position in the high-
technology industries, a situation mainly
auributable to its strength in the aircraft and

A Description of the Indicator

computer industries, which in some cases
exceeded the OECD-13 average by a factor of
three. (Computers and office machines had
1970, 1980 and 1990 RCA'’s respectively of
1.9, 2.0 and 1.6 while aircraft had 3.1, 2.9
and 28) In the medium-technology
industries, the US’s RCA slowly but steadily
declined from 1970 10 end, in 1990, slightly
under the OECD-13 average at 0.89. Two
industries were particularly important in this
decline, non-electrical machinery and motor
vehicles with respective RCA indices of 1.3
and 1.0 in 1970 and 1.0 and 0.7 in 1990.
The other industries which make up the
medium-technology group had a stable RCA
over the same time period. RCA in food,
textiles, wood products and petroleum
refining increased from its 1970 level causing
the low-technology RCA to rise from 0.7, to
a nonetheless below OECD-13 average level
of 0.8 in 1990. The United States was one of
the few countries 10 experience a gain in the
RCA of the low wage group and a loss in the

The most distinct festure of the revealed comparative sdvantage index
is that it equalizes for the size of each country, giving the same relstive weight
to small and large countries.

The calculstion of RCA shows the proportion of 8 country(j) or ares’s exports
in an industry(i) over tota! expons for that country(j), divided by the OECD-13
proportion of exports of that same industry as a fraction of the OECD-13 total exports.
If the RCA indicator is grester than one, then the given country's share of exports
originating from that industry is greater than the average share for that industry for the
13 OECD countries in our group; if it is less than one, that country has s lower share
of exports coming from that industry than the aversge: and if it equals one, that
industry is the source for the ssme share of exports s the average.

The indicator of revealed comparative advantage reflects & country's naturs!
resource endowments, domestic consumption patierns, level of development and
competitive strengths and wesknesses. RCA shows bow s given country comparss to
a broader ares which is particularly useful for cross country comperisons snd the
analysis of structural changes in an economy. RCA has limitations though, one of
which is intrs-firm exchanges which transcend natioaa! borders. Today, different stages
of production and assembly of centain goods, such as semiconductors, are ofisn carried
out in different countries by the same firm. Shifts in thesc intre-finm exchanges are not
necessarily a reflection of changes in an country's competitiveness bui may rather
reflect & change in business swalegy or reflect an event (ie. & merger). A further
limitation is the fact RCA is calculated in current prices. Thus an increase in RCA
could be auributed to the rising price of an industries product relative to other
industries. In spite of these limitations RCA still provides s good indication of
performance, competiliveness and trends in & comparalive manner over & Jarge area.
Care should be taken when using RCA to describe trends in & given country. These
trends should be examined in a relalive, and not in an sbsolute, sense.

high wage group; nonetheless, the United States still retained a 1990 RCA for the high wage group which was the
second highest of the countries analysed.

88. Japan saw its RCA grow in both the high and medium-technology industries while its RCA in low-technology
decreased significantly. The high-technology RCA index increased-from 1.2 10 1.4, mainly due to the fact that
communication equipment consistently remained over 2.0, peaking at 2.7 in 1980. Contrary to the established
Japanese high-technology trend, in 1990, the RCA indices in aircraft and pharmaceuticals were 0.06 and 0.25
respectively, lagging far behind the US and the EC-6 . The equivalent index for medium technologies grew from 0.8
10 1.1, this was largely due to the advance of thc Japanese motor vehicle industry, from 0.7 in 1970 w 1.6 in 1990.
The most outstanding movement, however, was in the low-technology industries. Between 1970 and 1990 the food
group dropped from an RCA of 0.4 w 0.08, the textiles group from 1.6 0 0.4 and the wood group from 0.5 to 0.08.
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As a group, the low-technology index dropped from 1.2 to 0.5.  In terms of wages, Japan saw a significant change
in its RCA over the two decades as the RCA for the low wage group fell to the lowest level of any of the countries
analysed while its high wage RCA grew, surpassing the OECD-13 average.

89. The United Kingdom managed to maintain and improve its relative competitiveness in high-technology industries.
This was mainly a result of the aircraft, pharmaceuticals and computer industries registering RCAs of 1.3, 1.8 and 14
respectively, in 1990. Both low-technology and medium-technology remained under or close to the average 1.0 mark,.
however they moved in opposite directions, low-technology increasing and medium-technology decreasing. The largest
drops in medium-technology industries occurred in non-ferrous metals and motor vehicles, falling 0.2 and 0.4 RCA

points respectively, in 21 years.

90. The EC-6 has traditionally had an RCA hovering around the average in the medium and low-technology industries.
Slight gains occurred in the low-technology sector while the RCA index in the high-technology industries suffered
minor losses in almost all industries. The EC-6 group displayed a constant above average RCA index in food, textiles
and chemicals. In aircraft, although the RCA remained below average, the EC-6 made considerable advances. This
was particularly notable in France where there was an increase from 0.8, in 1970 to 1.2, in 1990. As is the case for
many of the European countries studied here, France and Germany had relatively stable RCAs in a great majority of
the manufacturing industries. In these two countries it was mainly the chemicals group and its components which
performed above average, with rubber & plastics remaining above 1.4 in France and industrial chemicals staying close
to 1.2 in Germany. In 1990, Germany’s comparative advantage resided in motor-vehicles and non-electrical machinery,
two medium-technology industries. The EC-6’s high averages in the low-technology group were boosted by the
relative strengths of Italian low-technology industries. Textiles and non-metallic mineral products are two industries
in this group where ltaly consistently had a RCA exceeding 2.5.

91. The Nordic-4 group had a distinct specialization in low-technology and resource intensive industries with RCA
indices close to, or above, 1.5. Shipbuilding and wood industries were exceptionally high, with the Norwegian
shipbuilding RCA exceeding 5.0 and Finnish paper group RCA above 3.0. Australia and Canada were also countries
with uncommonly high resource intensive group RCA levels. Australia concentrated its exports industries such as food
and basic melals with non-ferrous metals growing rapidly from 3.4, in 1970, to 11.6, in 1986. Canada had a
particularly high comparative advantage in four industries, wood products, paper products, non-ferrous metals and
motor vehicles with averages two, three or four times the OECD-13 levels.

92. Table RCA 1 presents a "snap-shot” of RCA indices at a detailed sectoral level for all 13 OECD countries in 1990.
As of 1990, it is quite clear that there is a wide diversity in the structure of exports across the countries with Australia,
Denmark and the Netherlands having an export orientation towards the food group, that is two to five times the
OECD-13 average, while Japan’s RCA for this group is less than a tenth of the average. Similarly, Italy’s RCA for
the textile group stands out while in the wood and paper groups Canada and the Nordic countries are the leaders. The
other sectors with large, cross-country differences tend to be natural resources intensive sectors such as petroleum -
refining (Norway and the Netherlands) and non-ferrous metals (Australia and Norway). Industries that are R&D
intensive do not exhibit the same large differences, but nevertheless reveal pockets of specialization for particular
countries. In pharmaceuticals, Denmark, France, Sweden and the United Kingdom have RCAs which are significantly
higher than the average while in aircraft, the United States, and 10 a lessor extent France and the UK, are the leaders.
Communications equipment is led by the Japanese who are also have a strong export orientation in computers, equal
to that of the United States. Japan also had a relatively high RCA in motor vehicles, as does Germany, but both of
these countries are surpassed by the motor vehicle RCA of Canada which is twice the OECD average.
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Table: RCA-1

1990 Revealed Comparative Advantage by Industry

e __SIC Industry Australla Censde Denmark  Finland _ France Germany  Naly Japen__ Netherisnds Norway  Sweden
3100 Food group 496 0.78 - 395 0.33 1.68 0.65 0.77 0.08 270 135 0.29 0.96
3200 Tenxtile group 1.61 0.17 1.03 062 1.22 1.00 3.42 0.39 1.05 0.28 0.38 093
3300 Wood group 0.14 372 .04 397 0.69 0.78 1.80 0.08 0.60 1.37 285 0N
3400 Paper group 0.35 331 0.64 7.58 0.7 0.75 0.49 0.2t 086 203 3.69 073
3500- Chemical group 0.74 0.74 0.89 0.57 1.20 1.08 0.75 0.60 1.84 1.37 0.74 1.22
3514352-3522 Industrial Chemicals 0.42 064 0.57 0.57 1.23 1.18 0.59 0.68 1.7 101 0.50 1.19
3522 Pharmaceuticals 082 0.7 3.09 0.40 1.51 1.09 0.7 0.24 0.97 0.35 1.84 185
3534354 Petroleurn Refining 2N 1.48 0.87 ' 0.69 0.73 0.47 0.95 0.22 368 455 1.27 1.25
3554356 Plastic products 0.34 0.80 1.37 0.54 1.38 1.1 1.49 0.80 i1 0.56 0.79 0.99
3600 Non-metallic mineral prods. 0.44 049 1.14 0.68 1.38 1.08 254 0.73 0.81 0.76 0.58 0.89
3700 Basic metals 397 1.50 0.42 1.45 1.20 1.04 0.83 093 0.84 301 1.4 1.02
3710 Ferrous metals 1.30 061 052 1.48 1.39 1.16 1.04 1.30 083 1.68 1.78 0.96
3720 Non-ferrous metals 7.04 201 027 1.39 092 087 0.51 0.38 085 723 0.88 1.1
3800 Fabricated metal products 033 0.91 070 0.64 084 *1.08 0.81 1.40 0.59 0.58 0.95 0.96
3810 Metal products 0.59 068 1.56 1.05 111 1.28 1.60 067 097 0.85 1.25 0.87
3820-3825 Non-electrical mach. 0.30 0.39 1.04 1.02 070 1.29 1.34 1.06 0.55 0.54 1.24 0.96
1825 Computers 0.30 052 0.34 0.30 0.61 052 0.58 163 0.96 0.42 058 145
3830-3832 Electrical machinery 032 0.36 0.79 0.73 1.00 1.22 1.02 1.38 0.64 0.44 0.86 087
3832 Communications equip. 0.21 0.69 0.63 0.77 060 0.60 0.38 239 0.63 0.32 087 0.91
3841 Ships 0.77 0.12 228 3.02 0.49 048 0.31 1.90 0.45 8.57 084 266
3843 Motor vehicles 0.29 203 0.19 0.25 097 128 0.58 165 0.30 0.14 - 099 0.62
ou M BE % th om cw e om om om  om
rans| . 0.19 . . : X X z .
gg;g‘”“*aug gg‘tre‘umntsm easp 0.34 033 0.95 0.52 0.72 1.02 0.43 122 1.05 0.55 0.85 128
3900 Other manufacturing 091 0.28 0.39 0.37 0.67 0.72 210 1.03 .0.48 0.26 0.37 230
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Table: RCA-2
Revealed Comparative Advantage by Major Industrial Group: 1970 and 1990

Australia

Canada

Denmark

Finlend France G ftely

. 1970 1990 1970 1990 1970 1990 1970 1990 1970 1990 1970 1990 1970 1990

High wage 0.47 0.49 1.24 1.22 0.42 0.48 0.16 0.36 0.99 1.03 1.1 1.03 0.88 0.60
Medium wage 0.56 0.86 1.00 0.94 0.77 0.94 1.42 1.72 0.86 0.85 1.07 1.02 0.88 1.00
Low wage 2.54 2.20 0.68 0.77 2.21 2.04 1.25 0.85 1.26 1.24 0.74 0.869 1.43 1.72
High technology 0.17 0.30 0.54 0.55 0.71 0.74 0.19 0.50 0.83 084 0.93 0.79 0.75 0.59
Medium technology 0.65 0.74 1.22 1.14 0.61 0.59 0.36 0.63 0.92 097 1.22 1.20 0.97 0.89
Low technology 1.73 1.94 0.96 1.19 1.57 1.61 2.08 1.97 1.15 1.18 0.79 0.87 1.16 1.49
Resource intensive 3.92 3.98 148 1.54 249 251 1.43 1.05 1.10 1.26 0.60 0.72 0.91 1.08
Labour intensive 0.56 1.7 0.27 0.35 0.92 1.12 0.72 0.73 1.23 1.13 1.00 1.05 2.06 2.63
Scale intensive 0.48 0.45 1.43 1.48 0.48 0.52 1.50 1.41 1.04 1.07 1.07 1.13 0.69 067
Spedialised suppliers 0.19 0.28 0.48 0.47 0.93 0.68 0.42 0.89 0.76 0.73 1.27 1.08 1.12 1.01
Science based 0.17 0.34 0.62 0.55 0.64 0.77 0.0 0.28 0.86 0.91 0.82 0.72 0.70 0.54

United United
Japan Netheriands Norwey Sweden Kingdom States ECS
L 1970 1990 1970 1990 1970 1990 1970 1990 1970 1990 19870 1990 1970 1990

High wage 0.61 1.06 0.99 1.05 0.40 0.72 0.63 0.78 1.04 1.04 1.30 117 1.01 0.95
Medium wage 1.22 1.14 0.69 0.75 1.51 1.41 1.39 1.37 0.98 1.00 0.95 0.91 094 0.95
Low wage 1.09 0.58 1.62 1.40 0.76 0.76 0.71 0.68 1.02 0.96 0.68 0.87 1.12 1.18
High technology 1.20 1.41 0.95 0.75 0.28 0.40 0.71 0.78 1.01 1.16 1.54 1.51 0.90 0.82
Medium technology 0.77 1.12 0.61 0.80 0.88 0.86 0.82 0.89 1.14 0.96 1.07 0.89 1.03 1.01
Low technology 1.19 0.47 1.45 1.49 1.45 .n 1.34 1.32 0.85 - 0.95 0.66 0.76 1.01 1.13
Resource intensive 0.42 0.22 2.05 2.09 2.12 2.66 0.79 0.88 0.93 0.94 0.82 6.93 1.01 1.1
Labour intensive 1.47 0.58 1.07 0.94 0.43 0.46 0.63 0.67 1.30 1.11 0.51 0.67 1.25 1.31
Scale intensive 1.21 1.13 0.75 0.89 1.26 -1.05 1.33 1.20 0.87 0.92 0.87 0.80 092 0.97
Specialised suppliers 1.01 1.49 0.69 0.59 0.40 0.46 1.05 1.06 1.08 093 1.18 1.05 1.05 ,0.92
Science based 0.65 0.91 . 0.70 0.85 0.14 0.42 0.54 0.7t 1.1 1.39 2.00 1.87 0.85 0.85




Import penetration

Overall trends and structure

93. The weight of imported manufaciured goods in the total domestic demand for goods in manufacturing industry varies
significantly from country to country across the OECD-13 group (Table MPEN 1). The highest import penetration can
be found in the Netherlands, where imports represented 70 per cent of total domestic demand in the manufacturing sector
in 1989. A number of small European economies such as Finland, Norway and Sweden follow, with import penetration
rates between 40 per cent and 50 per cent at the end of the 1980s. Canada and Denmark had import penctration rates
between 30 per cent and 40 per cent in 1989, followed by all four large European countries, as well as Denmark and
Australia, with imports representing between 20 and 30 per cent of their domestic demand. Import penetration for the
United States was 13 per cent in 1989, while it was the lowest of all OECD-13 countries in Japan (six per cent).

94. Despite these large cross-country differences,
imports of manufactured goods increased as a propor-
tion of domestic demand in the manufacturing sector
in every one of the OECD-13 countries during the
weriod from 1970 to the end of the 1980s. The
strongest increase by far was in the United States,
where imports more than tripled as a proportion of
‘domestic demand in the 1970-1989 period. Import
intensities doubled in France, Germany and the United
Kingdom. In general, the share of imports in domestic
demand increased most in countries where import
intensities were low initially. The exceptions are the
Netherlands and Japan; import penetration rose sharply
from a very high base in the Netherlands, while hardly
changing in Japan. In 1970, Japan had an import
penetration rate equal to that of the United States (four
per cent), but at the end of the 1980s had a rate only
half as high as that of the United States.

95. These trends in import penetration at the level of
total manufacturing conceal important differences in
‘wdustry groupings with different technological
-naracteristics (Table MPEN 2). In most countries,
high-technology industries are characterized by higher
import penetration rates, followed by medium-techno-
logy sectors, while the total domestic demand in
low-technology industries tends to be mostly satisfied
by domestic production. There are some exceptions:
medium-technology industries in France, kaly, the
Netherlands and the United States are more import
intensive than high-technology sectors.

96. There is also a clear ranking in terms of import
penetration between the five industry groupings that

are constructed on the basis of the main factors that

are believed to affect competitiveness.  The
science-based industries are the most-import intensive
group in all countries, while resource-intensive

Description of the Indicator

Impor penetration is calculated as the ratio of impons 10 total
domestic demand (production plus impons minus expons) for the total
manufaciuring secior, industry groupings or individual industries
seciors in the group of OECD-13 countries. Expressed in percentage
terms, the value of the indicator ranges between zero and 100. When
it approaches zero, imports sre a negligible pant of 1ota) domestic
demand, which is satisfied entirely by domestic production. As it
approaches 100, imports account for simost all of the total domesiic
demand of a given sector or industry grouping.

Dau problems have not allowed the calculation of impon
penetration rates for cenain 3-digit and 4-digit industries in some of
the OECD-13 group of countries. This is due to the lack of compleie
compatibility of data on exports and imports and data on production.
The analysis in the text is thus limited 10 those countries/industries for
which the indicator can be calculaied with confidence.

The import penetration ratio is an indicartor of impon intensity
and ouvtward orientation of countries or industries. It can reflect 8
number of quite different factors. The size of a country will influence
the indicator: larger countries with significant domestic markets will
as a nule have a lower import penetration ratio than smaller countries.
Countries that belong 10 some trade area such as the EC will tend 10
import a large fraction of the goods necessary 10 sstisfy domestic
demand. Countries that are geographically removed from the centre
of world trade will tend to have lower penetration rates than those for
which transportation cosis are Jow. At the level of individual
industries, impor penetration rates reflect the nature of products being
traded, with some manufacturing producis in general more tradeable
than others. ’

Like any individual indicator, import penetration should be
interpreted with caution and its limits should be undersiood. A low
rate of impon penetration for particular industries in cenain countries
does not for exampie necessarily imply that there are barriers 1o entry
inlo these industries. It may instead reflect superior productivity or
lower prices of domestically produced products. Nor is s very high
impon penctration rate necessarily a cause for concemn. Advanced
economies gain through trade by specialising in cenain industries or

' products and importing others. An analysis of intemational

competitiveness of countries and industries needs to be based on the
examination of a number of indicalors, such as exporn performance or
the evolution of unit labour costs and the existence of warniff and non-
waniff barriers. ‘

industries are the least imporn-intensive. The exception to this rule is in Japan, where the import penetration in
resource-intensive industries, although low compared to other countries (10 per cent in 1989), is the highest of any of
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the five industry groupings, and is followed by import penetration in science-based industries. The high (relative to other
industries) share of imports in the total domestic demand of the petroleum refining industry (17 per cent in 1989)
accounts for this. "

97. Countries are more diverse in the three other industry groupings. The specialized-supplier (differentiated products)
group tends to be the second most import-intensive group of industries in most countries, although with imporiant
exceptions. In the labour-intensive industry grouping, Germany, Norway and the United Kingdom all tended to import
a larger share of total domestic demand than in the differentiated-products industries, while scale-intensive industries
in France and the Netherlands have higher import penetration rates than either labour-intensive or differentiated-products

industry groups.

98. In terms of individual industries, import penetration is high across the OECD-13 countries in scientific instruments,
aircraft, computers, communications equipment and motor vehicles (Figure MPEN 1). In the scientific instruments
sector, imports account for more than half of total domestic demand in eight out of the 13 OECD countries in the
database. The outliers are the United States and Japan, with import penetration rates of seven per cent and 14 per cent,
respectively in 1989. The US is also the exception in aircraft, where its import penetration rate of eight per cent for
1989 contrasts sharply with the high import-intensity of that industry in the other countries. In computers, all countries
for which the indicator can be calculated have import penetration rates exceeding S0 per cent, with the exception of the
United States (35 per cent in 1990) and Japan (seven per cent in 1989). A similar situation occurs in communications
equipment, with Japan the only real outlier (an import penetration of four per cent in 1989), and imports satisfying more
than 40 per cent of total domestic demand in the remaining countries (30 per cent for the US and Germany, 25 per cent
for France). The variance of import penetration rates in motor vehicles is higher, with imports accounting for more than
40 per cent of total domestic demand in eight out of 13 countries, between 25 and 40 per cent in Australia, Germany,
Italy and the US, and two per cent in Japan. .

99. Industries such as textiles, pharmaceuticals, petroleum refining, ferrous and non-ferrous metals, and electrical and
non-electrical machinery typically have lower import penetration rates than the previous group and a higher variance
by country. In textiles, for example, four countries had imporn penetration rates ranging between 10 and 30 per cent,
three countries between 30 and 40 per cent, and six countries rates exceeding 50 per cent. In pharmaceuticals, the
United States and Japan have import penetration rates which are less than 10 per cent, six more countries have rates
between 10 and 30 per cent, and the remaining have rates ranging from 40 per cent to 65 per cent.

100. A final group of industries are characierized with imports accounting for a small fraction of total domestic demand
in most countries. They include food, beverages & tobacco, paper & printing, non-metallic mineral products, and
fabricated metals. In the food industries, the highest import penetration rate can be found in the Netherlands (near 40
«<er cent), with imports accounting for less than 20 per cent of domestic demand in all other countries (26 per cent in
Jenmark in 1990). A similar distribution occurs in the paper & printing and stone, clay & glass industries. Finally,
in fabricated metals, Norway and the Netherlands have import penetration rates around 40 per cent, seven countries have
rates between 10 and 30 per cent, while imports in 1899 were eight per cent of total domestic demand in the US and
two per cent in Japan.

Country profiles

101. In the United States for 1989, imporis made up 14 per cent of total domestic demand for manufactured goods. This
low penetration ratio reflects in large part the size of the US domestic market; nevertheless, its more than tripling since
1970 is testimony 1o the increased outward orientation of the US economy. Imports are twice as important in the high-
and medium-technology industries taken as groups (import penetration rates of 18 per cent in 1989) than in
low-technology industries (nine per cent). Specialized-supplier and labour-intensive industries have the highest import
penetration rates; at about 20 per cent, imports in these industries have increased five-fold as a share of domestic demand
since 1970. Import penetration rates in scale-intensive and in science-based industries were around 13 to 14 per cent
in 1989, while the lowesl import penetration rates were in resource-intensive industries (eight per cent).
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102. In terms of individual industries, import penetration rates are highest in computers and in communications
equipment. Imports in these two sectors accounted in 1989 for more than 30 per cent of the towl domestic demand of
each industry, five times their importance in 1970. They are also high in motor vehicles (27 per cent) and in the textiles
industry (24 per cent in 1989). They are particularly low in pharmaceuticals, paper & printing, in food, drink & tobacco
(less than five per cent in 1989), as well as in shipbuilding, instruments, fabricated metal products and aircraft industries.
Of all manufacturing industries, imports as a proportion of domestic demand increased most between 1970 and 1989
in the electrical machinery sector, while shipbuilding is the only industry that registered a decline in its import
penetration rate (from eight per cent in 1970 to five per cent in 1989).

103. Import penetration in the manufacturing industry in Canada has increased by 10 percentage points since 1970 1o
reach 35 per cent in 1989. Imports tend w0 be very imponant in high- and medium-technology industries (import
penetration rates of 63 and 53 per cent in 1989), and less so in low-technology manufacturing (17 per cent). As a
resource-based economy, Canadian imports into resource-intensive industries tend 10 be low relative to total domestic
demand (13 per cent in 1989). In contrast, nearly three-quarters of domestic demand in science based sectors and more
than 60 per cent in specialized suppliers industries tend 10 be satisfied by imports. Imports in labour-intensive and in
scale-intensive industries accounted for 25 per cent and 40 per cent of total domestic demand respectively in 1989. Motor
vehicles, aircraft, non-electrical machinery and semiconductors are some of the industries where import penetration is
high (exceeding 60 per cent in 1989), while imports satisfy a small fraction of total domestic demand (between 10 and
*5 per cent in 1989) in the food, drink and tobacco, wood, and paper & printing industries.

104. The profile of import penetration in Japan is strikingly different from that of other OECD countries. Imports accounted
for less than six per cent in the total of domestic demand for manufacturing in 1989, a two percentage point increase
in 20 years. Little variation is also observable across the three technology groups. The high-technology group of industries
has roughly the same degree of import penetration as the medium-technology group, and only marginally lower than
the low-technology group. Of these three groups, only low-technology imports have increased as a proportion of domestic
demand since 1970 (from three per cent to seven per cent). Imports tend to be particularly unimportant in the scale-intensive
and the specialized-suppliers group of industries (import penetration rates of four per cent in 1989). They are more important
in resource-intensive, labour-intensive and science-based sectors, where they accounted in 1989 for nearly- 10 per cent
of total domestic demand. While labour-intensive imports more than tripled as a share of domestic demand in the penod
since 1970, imports of science-based industries declined from 14 per cent to nine per cent.

105. Aircraft is the only industry in Japan where imports represent a significant share of total domestic demand. The
33 per cent import penetration rate of that industry in 1989, however, is only half of the 1970 level. Petroleum refining,
non-ferrous metals, textiles, wood and scientific insruments are the only other manufacturing industries where imports
account for more than 10 per cent of domestic demand. At the other end of the spectrum, imports of fabricated metal
~woducts, motor vehicles, electrical machinery, rubber & plastics, non-metallic mineral products and ferrous metals accounted

. 1989 for between two and three per cent of total domestic demand in these industries. In most industrial sectors, impornt
penetration increased since 1970. In addition to aircraft, the other two exceptions to this are non-electrical machinery, '
where the import penetration rate declined marginally, and computers, where imports halved as a proportion of domestic
demand between 1970 and 1989.

106. The four large EC economies of France, Germany, ltaly and the United Kingdom have broadly similar profiles of
import penetration at the level of 1otal manufacturing. They all started with import penetration rates of around 15 per
cent in 1970 and in 1989 had rates ranging from 21 per cent in ltaly to 27 per cent in Germany and 30 per cent in France
and the United Kingdom. At amore disaggregated level, however, the import penetration profile of these four economies

is quite distinct to each.

107. Variation by broad industry grouping in terms of import penetration is not large in France. Imports tend to be a
lower share of domestic demand in the low-iechnology industry group than in medium- or high-technology industries. -
Of the latter two, medium-technology sectors were in 1970 less import-intensive than high-technology sectors, but the
situation has been reversed since the mid-1970s. Resource-intensive industries have a relatively low import penetration
raie (19 per cent in 1990), while the labour-intensive, scale-intensive and specialized-supplier groups all have roughly
similar rates of around 30 per cent in the late 1980s, with the sharpest increase in the importance of imports recorded
in the labour-intensive group. Imports account for nearly 40 per cent of total domestic demand in the science-based group
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of industries. In terms of individual industries, import penetration is particularly high in computers (over 80 per cent,
up from 60 per cent in 1970), and in instruments (58 per cent in 1990, up from 43 per cent in 1970). It is relatively
low (less than 20 per cent in 1990) in petroleum refining, shipbuilding, food, drink & tobacco, paper & printing, non-metallic
mineral products and in pharmaceuticals. Import penetration has increased in every manufacturing industry in France.

108. Imports have doubled as a proportion of domestic demand in manufacturing as a whole in Germany between 1970
and 1989. The largest increase has been in high-technology industries, which have become since the mid-1970s more
import-intensive than the medium-technology group of industries. Of the three technology groups, low-technology industries
had in 1990 the lowest import penetration with 20 per cent. In terms of the alterative classification of five broad industry
groupings, science-based industries have the highest import-intensity by far; imports in this group increased from 33 per
cent of total domestic demand in 1970 to nearly 70 per cent in 1989. The other four groupings all started with import
penetration rates around 12 to 13 per cent in 1970; they ended up with rates between 25 per cent and 30 per cent in 1989,
with the exception of the resource-intensive group, where imports in 1989 accounted for only 18 per cent of total domestic
demand. Import penetration is very high in aircraft, computers and instruments; it is low in fabricated metal products
(less than 10 per cent in 1989), petroleum refining, food, drink & tobacco and shipbuilding (around 15 per cent in 1989).

109. Import penetration in Italy is the lowest of the four large EC countries and has not increased much since 1970.
The medium-technology group of industries remains the most import-intensive of the three technology groups, with about
30 per cent of total domestic demand in the industries belonging to this group in the late 1980s satisfied through imports.
Import penetration tends 0 be relatively high (exceeding 40 per cent) in industries such as instruments, computers,
communications equipment and non-ferrous metals. Italy is also the only of the large EC countries where import penetration
has declined significantly in a number of industrial sectors during the period from 1970 to 1989. The proportion of total
domestic demand accounted for by imports declined in basic metals industries as well as in non-clectrical and electrical

machinery.

110. Imports account for about 40 per cent of total domestic demand in both high-technology and medium-technology
industries in the United Kingdom, showing a sharp rise in import penetration during the 1970s and 1980s. Low-technology
imports represent 20 per cent of the total domestic demand in these industries. In terms of the five industry groupings
constructed on the basis of the factors thought to affect competitiveness, imports account for half of all domestic demand
in science-based industrial sectors, about 35 per cent in labour-intensive and specialized-supplier industries, around 30
per cent in scale-intensive sectors, and less than 20 per cent in resource-intensive industries. Computers and scientific
instruments are the two industries where import penetration rates exceed 75 per cent (starting from 25 per cent in 1970
for instruments), while import penetration is around exceeds 40 per cent in communications equipment, textiles, non-ferrous
metals and in the motor vehicles industry. '
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Table MPEN-1
Import Penetration in Manufacturing

Country 1870 1980 1989
Australia 15.6 19.2 248
Canada 24.6 30.7 35.1
Denmark 411 43.7 50.2°
Finland 279 27.8 314"
France 145 21.3 209°
Germany 134 19.8 26.8
Raly 15.7 20.0 213°
Japan 4.0 5.5 6.3
Netheriands 42.0 53.0 702
Norway 39.8 38.7 42.9
Sweden 205 35.9 413°
United Kingdom - 146 29 30.0
United States 44 8.7 139

* 1990
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Table MPEN-2

Import Penetration by Industry Gouping

57

High Medium Low Resource Labour Scale Specialised Science
technology  technology  tech intensive____intensive intensive i sed

United States

1870 4.2 5.6 38 4.1 4.1 53 4.4 3.1

1980 89 129 ‘8.2 6.5 98 103 10.1 63

1989 18.4 185 8.8 7.6 19.0 139 208 133
Canada .

1970 42.2 429 121 88 15.6 338 450 €5.0

1880 55.0 5185 13.1 10.7 215 394 56.2 723

1988 63.4 533 16.8 13.1 248° 4.1 612 725
Japan

1970 5.2 4.5 3.0 59 27 2.0 KR 14.1

1880 54 5.0 85 82 6.6 26 R 105

. 1889 54 §9 6.6 9.6 9.3 37 35 o4

France

1970 216 19.7 10.7 106 10.9 162 189 25

1980 24.7 30.0 15.8 145 2.7 25.7 244 28.1

1990 316°* 341 21.4 188 313 335 279 ** 369
Germany ,

1970 149 17.2 114 123 134 127 124 329

1980 235 226 16.8 15.5 258 19.0 176 411
ady 1989 37.0 205 209 179 2.3 27.0 249 68.7

1970 16.2 236 116 16.1 7.3 165 273 15.1

1980 20.7 28.2 149 20.0 1.8 214 226 23.7

1887 228 289 15.7 184" 144° 22 246 275
United Kingdom

1970 174 . 124 17.2 123 -1.0 134 288

1980 326 32.0 15.9 17.14 313 216 219 49.1

1988 42.4 394 19.8 1714 374° 312 353 503
*: 1989
**. 1986




Figure MPEN 1

import Penetration Rates in Selected Manufacturing industries
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Production Shares Across the OECD-13

111. Across the OECD-13 during the period from 1970 to 1989 five countries -- Japan, lualy, Canada, Finland and Norway -
- increased their share of total manufacturing production. These gains in share came at the expense of the shares held
by United States, the United Kingdom and Germany. In particular, the US lost by almost a factor of two the most share

points (-2.6) while Japan gained nearly an equal amount (+3.0).

112. Nonetheless, the United States was still respon-
sible for almost two-fifths of all production in
manufacarring industry of the OECD-13 in 1989 (Table
PSO 1). Although the US’s lead of 22 percentage
points above Japan in 1970 was cut to 16 percentage
points by 1989, the US has a dominant position in
terms of manufacturing production. This convergence
was evident especially at the end of the 1970s and
at the beginning of the 1980s. The share of the EC-6
decreased by one percentage point, down from a high
achieved in 1974 o0 1976.

113. Germany, despite a drop of one share point,
retained the position of the third largest contributor
to the total manufacturing production of the OECD-13.
The only country which notably increased its rank was
Ialy which jumped from position number six in 1970
to number four in 1989, surpassing France and the
United Kingdom. The United Kingdom experienced

Description of the Indicator

Production shares across the OECD-13 have been calculsied a3
production in a cenain industry for a given country or country grouping
&s a proportion of production for the OECD-13 in this industry. -This
indicator was calculated using production data which was converied 10
2 common currency using US purchasing power parities for GDP. The
term production refers to the gross cutput, not the value added of an industry.
In this respect, production shares are roughly synonymous with sales shares,
regardless of whether the sales were domestic or foreign (exports). Because
production (gross output) data includes the cost of purchased inputs as
well as the value added generated by a industry, production shares can
be influenced by the level of specialisation and out sourcing conducted
by an industry.

The inerpretation of this indicator is not always straightforward:
the production shares of an industry in a country can increase, not because
of an increase in that industry’s production, but rather because of a general
decline of that industry's production scross the remaining OECD-13
countries. As in the case of export market shares, the globalization of
industrial activity means that for some countries a significant share of
production is actually carried out by foreign-owned firms operating in that
country. In this indicator the output produced by such firns would be
assigned 1o the country where the production occurred, regardiess of
ownership.

the largest decline among countries when the decline
is compared to the initial share of this country. This
was especially evident from 1974 to0 1981 when the
UK reduced its production share in more industries than any other country (except for the United Stam) and became
the fifth largest producer among the OECD-13. Due to these changes in production shares, the wide differences that
existed in the 1970s between Italy, the United Kingdom and France were reduced significantly, resulting in 1989 production
shares which are nearly identical.

114. Canada saw the largest increase in share if its gain is compared to its initial, 1970 share, even though its ranking
among the 13 countries did not change. The Netherlands, Australia and Sweden formed a group of countries with a
share greater than one but not exceeding two per cent of total manufacwring production. Each of these countries experienced
a small decline in their shares. Finland, Denmark and Norway make up a final group of countries who contribute less
than one per cent to the OECD-13 total. Nevertheless, the 1989 share held by Norway and Finland represented an increase
over their 1970 shares.

High-technology Industries

115. In high-technology industries, the United States was the leading producer in all industries. An exception to this
rule occurs when the six EC countries are combined into a block where the EC-6 block holds a leading position in electrical
machinery and pharmaceuticals (Table PSO 2). As can be seen from the length of the bar, the most significant high-technology
shifts occurred in the instruments and computer industries, while pharmaceuticals were relatively stable (Figure PSO
1). The highest share in any one industry is held by the United States in the aircraft industry, the only high-technology
industry where the United States was not followed by Japan but by France and the United Kingdom. Nevertheless, the
US is losing share in this sector as the combined share of France and the UK countries increased from 12 per cent in
1970 1o 17 per cent in 1986. In this industry only two other countries besides the United States decreased their production

shares (Sweden and Australia).
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116. Only in production of instruments did the United States strengthen its position as the leading producer starting with
approximately half of the total manufacturing production of the OECD-13 in 1970 and ending with over two-thirds of
the OECD-13 total by 1988. This US gain was counter balanced by a decline in the EC-6's share from 36 per cent o
18 per cent with most of the decrease coming from the United Kingdom and ltaly (loss of seven share points respecnvely).
but also in Germany, France and Japan (the only Japanese high-technology industry with a loss).

117. In the production of computers and communications equipment the United States despite a decline still held the
largest shares as of 1986, although its closest competitor, Japan, made substantial gains.*

Medium-technology Industries

118. The United States managed to remain the largest producer in all medium-technology industries when ranked by
~ countries, but its share declined in every single industry. If compared to the EC-6 as a block the share of the United
States was overtaken by this group of countries in chemicals, non-electrical machinery and motor vehicles. Motor vehicles,
non-ferrous metals and other transportation equipment went through larger shifts than other medium-technology industries
(Figure PSO 2). As of the late 1980s, the sectors where the countries other than the US, Japan or the EC-6 had a significant
share of production, all tended to be rather resource intensive: non-ferrous metals, the wood and paper groups, other
transportation equipment and ship building. In general over the two decades, the group of other countries (Australia,
Canada, Finland, Norway and Sweden) collectively improved their production share in every medium-technology industry
with the exception of the plastic products

119. The share of production in the motor vehicle industry declined the most in the United States (from 40 per cent
in 1970 1 its final share of 33 per cent in 1988), but also in the United Kingdom (from 9 per cent to 5 per cent). The
biggest gain was made by Japan (from 19 per cent 10 24 per cent), but gains were also registered by Germany, Iialy and
Canada, while France’s share remained relatively stable. \

120. In the chemical industry, the United States continued to hold the largest share: 39 per cent in 1987 afier sustaining
a loss of five percentage points from 1970. The increase of the EC-6 in this period from 37 per cent w 40 per cent was
partly atributable to the growing share of ltaly which grew quickly in the first half of the 1970s. Despite this, Italy remained
the fifth largest producer behind the United States, Japan, Germany and United Kingdom.

Low-technology Industries

121. In the low-technology group by the end of the 1980s, the United States had a larger share of low-technology production
than the EC-6 or Japan in petroleum refining, wood, paper and food groups, while Japan gained leadership in ferrous-metals
and EC-6 was the leader in the rest of the low-technology industries. Nevertheless, it was the countries other than the
US, Japan and the EC-6 which experienced an increase in share in every industry in the low-technology group with the
exception of shipbuilding (Figure PSO 3) where the United States doubled its production share. As a result of this gain,
the US share in shipbuilding approached nearly the same level as the EC-6 (37 per cent) and moved from being the second
largest producer in 1970 to the leading position with a share of 35 per cent in 1987. Off setting this gain in share was
a loss of share by the Japanese whose share fell from 33 per cent to 18 per ceat. This gain in the OECD-13 share of
ship production is undoubtedly due to the construction of military vessels for the US Navy which undertook "...the largest

“combatant ship construction program in peacetime history” during the 1980s where nearly 100 billion dollars was appropriated.® -
When just the merchant shipbuilding industry is examined, Japan had the largest share of the market in 1992, followed
by South Korea and Denmark.®

* Duc 10 the availability of datwa, these trends are base on a limited time series: computers, 1980 to 1986, communication equipment from 1970

1o 1986, and pharmaceuucals from 1970 1o 1987.
* US Depantment of Commerce (1993), US Industnal Outlook 1993, (Washington, DC: US Govemment Printing Office), p.21-2.

* IBID, p.21-1. ‘
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122. The make up of the top-five producers in the textile, apparel and leather industry changed significantly as Italy increased
its share from 11 in 1970 to 20 per cent by 1988, surpassing Japan (17 per cent in 1988) and Germany (eight per cent).
Although losing three share points, the US retained its leading role with 34 per cent of the OECD-13 production in 1988.
By 1988, the United Kingdom (seven per cent) had lost its fifth position to France (eight per cent). Across the 13 countries,
only Italy, France, Australia and Canada increased their production share in this industry.

123. The United States and the EC-6 decreased their production shares in the food group (US from 42 to 38 per cent,
EC-6 from 40 w0 37 per cent), while Japan increased its share from 10 to 16 per cent, moving from the fourth position
to the second as its share became higher than the shares of Germany (10 per cent) and the United Kingdom (nine per

cent.
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Table PSO 1

Total Manufacturing Production Shares

(Ranked by 1970 Share)
1970 1980 1989 1989 1989/ min year max year
-1970 1970
USA 398 379 372 -26 094 359 1974 40.2 1972
Japan 178 198 209 30 117 174 1978 209 1989
Germany 12.0 114 110 -1.0 092 11.0 1989 120 1970
United Kingdom 9.1 7.3 7.4 -1.7 081 6.7 1981 9.7 1974
France 7.2 7.2 6.8 0.3 095 68 1988 78 1974
italy 5.7 7.6 7.7 20 135 57 1970 79 1976
Canada 2.4 3.0 3.3 09 137 24 1970 33 1988
Netherlands 1.9 1.7 1.7 -0.2  0.89 16 1988 20 1974
Australia 16 15 15 -0.1 0.93 14 1977 1.7 1971
Sweden 11 10 14 -0.1 0.96 1.0 1978 1.2 1975
Finland 05 07 06 0.0 1.08 06 1971 0.7 1982
Denmark 05 05 0.5 - -00 0.0 05 1989 05 1986
Norway 0.4 0.4 0.4 0.1 1.1 04 1973 0.5 1986
EC6 364 357  35.1 1.3 096 349 1988 39.2 1974




Table PSO 2
" Production Share By Industry

High technology Year  USA Japan____ EC6 others®
pharmaceuticals 1967 345 20.3 408 4.4
computers 1986 464 28.3 21.4 39
electrical machinery 1986 28.0 26.4 411 45
communications equipment 1986 38.7 311 273 3.0
aircraft 1986 71.0 19 242 29
instruments 1988 69.3 117 176 14

Medium technology
chemicals . 1987 385 18.7 39.9 59
plastic products 1988 355 245 347 53
non-ferrous metals 1988 346 215 29.4 14.4
non-electrical machinery 1986 353 209 384 54
motor vehicles 1988 33.1 244 347 7.8
other transport equipment 1987 42.3 124 338 115
other manufacturing 1988 40.1 240 284 7.6

Low technology _
food group 1988 38.0 16.2 375 8.3
textile group ‘ 1988 33.7 17.0 438 55
wood group 1988 409 149 324 11.8
paper group .| 1988 45.3 171 265 11.1
petroleum refining 1988 473 127 338 6.1
non-metallic mineral products | 1988 2.0 199 44 1 7.0
ferrous-metals 1988 23.1 36.6 33.6 6.7
metal products 1988 42 19.6 38.3 8.0
ships 1987 35.3 18.0 36.6 10.2

* Australia, Canada, Finland, Norway and Sweden
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Figure PSO 1
CHANGES IN PRODUCTION SHARES
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Figure PSO 2
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The Share of GDP Contributed by Manufacturing

124. Over the last two decades the share of Gross Domestic Product (GDP) originating in the manufacturing sector declined
in every country in our group of 13 OECD countries when measured in current prices. In constant prices a differeat
picture emerged. For those nine countries where constant price data was available, five witnessed a decline, while three
(Denmark, Italy and the United States) kept a constant share and one country, Japan, actually experienced an increase

in the share.

125. As described in the box, the choice of whether to use
current or constant prices to calculate the share a sector
contributes to GDP, can dramatically affect the indicator.
The two are best seen side-by-side. For example, the
combination of a declining share (or level) in current prices
and a level (or rising) share in constant prices reflects the
fact that the price of manufactured goods has fallen over
time relative to the price of other sectors (i.e. services).
Usually this price decrease is due to relatively higher
productivity: as many units are being produced as in the
past, but at a lower relative price. When both the current
and constant priced manufacturing shares are both declining,
it is indicative of a general decline in the sector where less
is being produced, not because of a relative decline in price,
but because of a lower quantity of production.

Country Profiles

126. The most precipitous decline in the manufacturing
sector’s share of GDP, regardless of valuation, occurred
in France and the United Kingdom, where the share fell
about eight percentage points in each country, over the last
two decades (Figure MGDP 1). For the UK, most of this
decline occurred during the late 1970s while in France the
decline has been more evenly distributed over time. In

A Description of the Indicator

The calculation of manufacturing's share of GDP is performed
by summing the value added contributed by all manufscraring sectors
and dividing it by the value added of the economy (GDP). The
measure reveals the relative imponance the manufacturing sector
plays and how this role has changed over time. Ahhough the
calculation of the indicator is simple, the choice of whether 1o use
current or constant priced value added in calculating the indicator
is less straight forward and sectoral shares bated in curvent and
constant prices can lead to widely differing trends and conclusions.

Current price measures incorporate the relative inflstion of
one industry’s product versus another (eg. technological advances
leading 1o price declines in computers), the low productivity of one
industry relative 10 snother that forces its prices 1o tise relatively
(eg. relative 10 services, manufscturing's productivity gains have
led to relative price decreases), and monopoly power that allows

- price increases (eg. OPEC's influence on oil prices). Current priced

shares have a strong intuitive appeal since they are the prices in
which the transactions took place and changes in relative prices
are an imponant determinant of structural change.

Constant prices eliminate prices as a variable and measure
only volume or the quantity change. An important element af this
procedure involves not only making adjustments for changes in
prices due to inflation, but also changes in the quality of a product,
facilitaling common comperisons over time.

The constant prices used to measure manufacturing's share
of GDP have been converted 10 a common, 1985, base year. This
conversion allows a more accurate comparison of the levels between
countries but forces the prices to deviste from the weights used
10 construct them, injecting some distortion into the calculation.

sermany, the current priced shares have fallen by seven
share points but the constant priced share has only dropped
five points. Most of this decline occurred in the 1970s.
Canada, as well, experienced a drop in both valuations of manufacturing's share of GDP, and as in the case of Germany
and the UK, most of the decline happened in the 1970s; but unlike Germany and the UK, the drop was a comparatively
small, two to three percentage points. Finland was the only other country where data was available that witessed a
drop in both valuations of the indicator. Unlike the other countries losing share, most of Finland's loss of manufacturing
share occurred in the 1980s (Figure MGDP 2). In all of these countries -- Canada, Finland, France, Germany and the
United Kingdom -- the loss in the share of GDP contributed by the manufacturing sector was roughly equal regardless
of the valuation, current or constant prices, used. This reflects the fact that the loss of share was not because of a decline
in price of manufactured goods versus other non-manufactured products (agriculture, mining and services), but rather,
it was due to a reduction in the volume of production. In this sense, the economies of these countries are de-industrializing:
the share of manufacturing is falling over time both in terms of total value of output and in terms of overall quantity

of products being produced.

127. Both Lialy and the United States had a decline in manufacturing’s share of GDP in current prices, but had a relatively
steady share when measured in constant prices. This reflects the fact that in terms of quantity of production, the same
share was held by the manufacturing sector; but in terms of prices, manufactured goods become relatively less expensive.
Frequently, this relative drop in price in associated with relatively larger productivity gains. In the US, this drop in the
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cutrent price share was rather uniform over the two decades
while in Italy the bulk of the drop occurred in the 1980s.

128. Only in Japan, did manufacturing’s share of GDP
stay level in current prices and rise in constant prices.
The interaction of these two trends suggests that
manufacturing’s share of the quantity of products being
produced increased, but because of the relative price decline
of manufactured goods, the current priced share was rather
level (or as in the case of Japan in the mid-1970s,
declining). The increase in Japan's constant price share
was rather steady since 1975 with the exclusion of the 1985-
1986 period which may be due to adjustments associated
with the rapid appreciation of the Yen.

129. As shown in Table MGDP 1, the 1989 share of GDP
originating in the manufacturing sector varied by over a
factor of two across countries. As of 1989, Germany had
the largest portion of its GDP coming from manufacturing,
followed closely by Japan. Norway, Australia and Denmark
had the lowest shares while all the other countries had a
share that ranged between the high-teens or the low-
twenties. Nevertheless, a pattern of convergence towards
a similar share of GDP being contributed by the

- manufacturing sector is evident when viewed over the past
two decades. Countries which had the largest initial share
in 1970 were frequently the same countries that experienced
the largest decline in share. This is supported by the fact
that the variance in manufacturing’s share of GDP existing
between the countries dropped by a third between 1970
and 1989.

130. Three exceptions to this trend are found: in the UK,
Australia and Norway each of whom had larger than normal
losses in share from rather low initial bases. When these
*hree countries are excluded, the size of the initial share
of GDP held by manufacturing, explains 62 per cent of the
variance in the change in share (Figure MGDP 3). Because
of the few number of observations, this uwend is not
statistically significant, but it does suggest a convergence
in economic structure over time between these countries.
These findings raise some interesting questions concerning
why this convergence has occurred and whether there is
an absolute minimum manufacturing share level required
by a modem, developed economy.

67

Table MGDP 1: Manufacturing’s Share of GDP
(Current Prices)

e s
1970 1980 1989
Australia 243 193 1 161
Canada | 198 179 175
Denmark 185 172 163
Finland 23.8 252 206
France 299 242 212
Germany 384 328 312
haly 27.1 278 234
Japan 36.0 292 289
Netherlands 25.8 179 - 20.1
Norway 216 | 160 145
Sweden 250 211 21.1
United Kingdom® 28.7 232 19.7

United States 252 218 189 II

variance 332 263 234 Il

* 1988
Manufacturing's Share of GDP:

Current or Constant Prices?

The distinction between using current or constant prices 10 .
calculate value added shares is imponant, because, as illustrated
below using three examples from the US, competitiveness of markets
(oil), technological advances (computers), and relative productivity
rates (manufacturing) can make the two indicators diverge.

Oil refining. When calculated using current prices, the share
of the US refining industry’s output 10 total output has had a
“boom-bust” experience, increasing its share by over a facior of three
from 1972 to 1981 and then falling by s factor of iwo from 1981
0 1986 - a reflection of dramatic price changes associated largely
with the strength and weakness of OPEC. Based in constant prices,
a different picure of relstive stability, with e slight downward trend.

Computers. By either measure, the computer industry has
gained in its share of towal manufacturing output, but when viewed
using constant prices, the increase has been an extraordinary factor
of 16 from 1976 10 1986. In cument prices, the increase is a more
subdued factor of two. The difference is largely due 10 adjusiments
in the pnee index for computers to account for improvements in
quality.

Manufscwring. Measured in current prices, manufacturing’s
share of total US output has sieadily fallen since 1977, prompting
some analysts to suggest that the US has been de-industrialising.
In consunt prices, a picture of relative stability emerges. The
difference between the two trends is largely attributable 1o the faster
rate of productivity in the manufacturing sector versus the rest of
the economy. This higher rate of productivity means that prices
of manufactured goods have fallen relative 10 non-manufactured
products (services). The relative drop in prices forces manufaciuring's

share in current prices 10 fall while in constant prices of a panicular
year, the trend is relatively stable.




Figure MGDP-1
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Finlang Figure MGDP 2
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Loss of Share: 1970-89

Figure MGDP 3
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The Sectoral Distribution of Manufacturing’s Value Added

131. Within the manufacturing sector, the distribution of value added between industries has changed significantly from
the early 1970s to the late 1980s, moving from low-technology, labour and natural resource intensive industries to high
and medium-technology and scale intensive and science based industries. These general trends vary significantly depending

on the country and the valuation, constant or current prices, used (see box).

132. Table VAS 1 contains an index of structural change
(see box) which provides and overview of the magnitude
of the sectoral change that has occurred over the last two
decades. Japan has consistently registered the largest amount
of structural change in every period as measured by this
indicator, with a 1970 10 1989 index nearly twice as large
as the next closest country, Denmark. Nevertheless, Denmark
has had a relatively high rate of structural change over the
last two decades, although the rate of change declined
somewhal in the 1980s from the 1970s. The United States
-anked third in the overall rate of structural change from
1970 to0 1989, but unlike Denmark and Finland, the bulk
~ of this change occurred in the 1980s where the rate of change
was nearly double what occurred in the 1970s. Norway
exhibited a similar m around. The large European countries
-- Germany, France, lialy and the UK -- tended to fall into
the middle or lower ranks with an unweighted average which
is only two-thirds of the overall average. In particular, the
United Kingdom and France had the two lowest indices in
the 1980s.

133. By and large, these indices of structural change tend
" to track the real manufacring growth rates where Japan
experienced a 1980 to 1989 rate of growth which was 50
per cent higher than the United States’ or Denmark's, the
countries with the second and third fastest growing
manufaciuring sector’s. This adds support to the general

Toposition that it is easier to achieve structural change while
‘experiencing growth.

134. Table VAS 2 reveals that the sectors driving these real
changes in the share of manufacturing’s value added differed
widely between countries. While most of the countries saw
shifts out of the food, textiles and wood products industry

A Description of the Indicator

The value added shares indicator is calculated by dividing

each sector’s valoe added by the total value added of the -

manufacturing sector and converting this ratio 108 percentage. This

‘measure presents the industrial compotition of .an economy's

manufacturing sector, revealing the relative importance of different
industries and the industrial specialisation of -an economy’s
manufaciuring sector. Although this more narrow focus illominates
some detail that would be otherwise lost, it can be deceiving since
in most countries the manufacturing sector only contributes a
relatively small past of all economic activity. (See previous indicator
on manufacturing's share of GDP.) Nevertheless, because
manufacturing has traditionally been the sector which has played
a key role in intemational trade and the development of technology,
and is thus frequently the focus of economic policies, this more
limited focus is warranted because it provides insight into sectors
of particular interest.

As mentioned in the previous indicator on manufacturing’s
share of GDP, this figure can be calculated in either current or
consiant prices, with both calculations providing different, but
consistent trends. Shares based in constant prices eliminate the
effect of changing relative prices between sectors and are genenlly
preferred. ‘But because of mechanical and concepiwal difficuliies,
it is nearly impossible 10 obtain value added in consiant prices at
a detailed sector level. Thus shares based in current prices are used
1o provide finer sectoral detail and allow the calculation of broad
groups.

Caution should be exercised in interpreting current price shares
because trends in an industry s share of value added can be affected
by relative price changes, not true structural changes. Balancing
this caveat is the fact that shares based in current prices reflect the
price that the transaction actually took place in, not a price from
some other period. This consideration is especially imponant for
industries such as compuers or elecironics where due 10 technological
advances, the output of that industry is quite different from the
product produced 20, 10 or even five yesrs ago, making the
application of snather year's prices 10 the output of a differemt period
problematic.

groups and into fabricated metal products and to a lessor extent, chemicals, there are numerous exceptions. It was the
magnitude of this general shift which determined the differences in the 1980 to 1989 index of structural change with
Japan, Denmark and the United States at the forefront of this transition. Japan and the United States also made large
shifts out of the basic metal industry during this period, but all the other countries either saw an increase in the share
of manufacturing’s value added held by this sector (Norway and Canada) or a slight decline.

135. As mentioned in the box, one problem with constant price measures of industry shares of manufacturing value added
is the lack of industrial detail. Although current price measures can be affected by changes in relative prices between
sectors over time, they allow a much more detailed analysis, especially within the fabricated metal products and machinery
sector which is the source of much of the real gain in share and contains many of the sectors which are of particular
policy interest: computers, motor vehicles and aircraft. In addition, given the significant problems with applying a price
of one year to products that might have undergone significant quality changes over time (i.e. computers), an analysis
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based on current price shares has strengths as well as
weaknesses.

Structural Change within the Three Broad Groups

136. Table VAS 3 presents the current price share changes
by the three summary groups: wages, technology and
orientation. The table shows that the volatility of share
change differs between groups and among countries with
the United States, Canada and Finland exhibiting much
more change on the basis of wages than the other countries,
while in terms of technology Germany and Japan are the
most active.

137. In terms of wages, the United States and Canada and
10 a lessor extent Sweden, Germany and Japan saw a shift
in the structre of their manufacturing sectors into high
tage industries. For the US this high-wage gain was
achieved by shifting into the industrial chemical,
pharmaceuticals and motor vehicle industries and out of
the medium-wage industries of ferrous and non-ferrous
metals and non-electrical machinery. Aside from Italy and
Norway, the US was the only other country to have an
increase in the share of low-wage manufacturing due to
a gain by the electrical machinery industry. In lialy, the
low-wage gain was associated with increases by the food
and textile groups while in Norway is was all due to the
food group. For Canada, the gain in the high wage sector
was predominantly due to an increase in the share held by

motor vehicles and a smaller gain by the chemical and

pharmaceuticals sectors. The medium wage loss was largely
due to a decrease in share held by the metal products sector
while the low wage decline was due 1o a loss by the textiles

group.

-28. When categorized by high-, medium- and low-
technology, Japan, the United States, Italy and the UK saw
large shifts into the high-tech sector while Australia, Canada,
Finland, Germany and Sweden exhibited a shift of
manufacturing value added into medium-technology
industries. The gain associated with the high-tech sector
in Japan was largely due to the computer and radio, TV
and communication equipment industries while in the UK

Table VAS-1: Index of Structural Change

(Constant Price, 1985=1.00)

1970-80 1980-89 1970-89
Cansda 52 58 99
" Denmark 6.4 59 117
Finland 69 as 109 |
France n 27 ns "
Germany 45 5.1 9.6 _J‘
Inaly n 54 na '
Japan 10.4 129 23
Norway 45 84 9.9
United 5.1 34 59
Kingdom
11.1
14

na = constant price data not available
* Based on availsbie data.

An Index of Structural Change

A siandsrd summary measure of structural change, sums the
absolute value of the secioral change in the share of value added
over a particular time across all sectors and divides the tolal sum
in half. When there is large movement in the shares of many
industrics, the index is large: when changes in shares are few or
small the index is small. An index of 100 would represent & complete
reversal of siructure while zero would indicate no change what so
ever. This measure is often called the mate or coefficient of
(compositional) structural change, and there are numerous variations
on it

Calculation of the index of compositional structural change,
and other similar summary measures, is sensitive 0 both the industrial
classification chosen (the more detailed the classification, the more
structunal change observed) and the time period selected (care must
be 1aken 10 avoid cyclical effecus). In addition, while the indicator
may have relevance in terms of analysing response to discrete shocks,
it is much less useful in cases of gradual but nevertheless extensive
strucwral change, such as the liberalisation of giobal trade or the
development and diffusion of microelectronics.

it was the computer and pharmaceutical sectors and in the US and ltaly the pharmaceuticals and aircraft industries. For
lialy, the UK and the US the main industry causing a loss of medium-technology share was non-electrical machinery
while for Japan it was non-ferrous metals. In the low-technology sector, the losses for the US and Japan were in ferrous
metals while in UK the decline was led by the refined petroleum sector. :

72



139. By and large, for those countries that saw a realignment of their manufacturing sector into the medium-technology
group, it was due to gains by the motor vehicle industry (Canada, Germany and Sweden) or gains by the industrial chemicals
industry (Australia, Canada and Germany). Only in Finland, was the medium-technology gain associated with non-ferrous
metals and non-electrical machinery. The losing, low-technology sectors were similarly clusiered with ferrous metals
the source of decline in Australia, Sweden and the textile group being the source of decline in Canada, Finland, Germany. -

A Late 1980s "Snap-Shot"

140. Table VAS 4 concludes the analysis of industrial shares of manufacwring value added by showing the industrial
composition of manufacturing for as many countries as possible in 1988. Although a one-time, static "snap-shot” is limiting
in terms of understanding the direction of change, it does reveal how the structure differs between countries, indicating
the magnitude of the relative industrial specialisation. At first glance, the countries exhibit a rather similar structure:
the food group consistently holds a share in the teens, regardless of country; the chemical group has a relatively strong
presence in every country, ranging from 10 per cent to 25; non-metallic materials are in the mid- to low-single digits;
and fabricated metal products and machinery consistently commands a large portior. of manufacturing’s value added,
varying from 29 to 47 per cent.

141. But the outliers by sector, reveal differences in the economic structure which reflect a specialisation of economic
activity, some of which has been dictated by natural resources and some of which is the result of policies. For example,
the country dedicating the largest share of manufacturing value added to the textiles group is Italy while Finland leads
in the share originating from the wood and paper groups. Norway and Australia have disproportionately large shares
emanating from the food and basic metals graups, but have two of the lowest shares for fabricated metal products and
machinery. The importance of the chemicals group is especially pronounced in the Netherlands, France and Germany.
Within the large fabricated metal products and machinery group, it is apparent that US manufacturing relies the most
of any of the countries on the computer sector, while Japan derives a relatively larger share from its electrical machinery
sector than other countries. Although, the performance and importance of the US and Japanese motor vehicle sectors
are widely discussed, the manufacturing sectors of Canada, Germany and Sweden are more dependant on this industry.
Lastly, as expected, the share held by the aircraft industry varies by over a factor of ten across countries with the US,
UK and France having the largest shares.

Country Specialisation

142. When an unweighted average share is calculated for each sector across the 12 countries, and this average is compared
.2 the actual value of that sector calculated for each sector, a summary measure which indicates the relative dispersion
of a sector across all countries from the average can be derived.” Those sectors exhibiting a high dispersion are those
sectors that enjoy the greatest heterogeneity between countries, a reflection of national specialization. Table VAS 5 lists
the sectors in descending order of specialization. Not surprisingiy. sectors which rely on natural endowments such as
non-ferrous metals and petroleum refining tend to have a high degree of specialisation: in those countries where the sector
exists, it tends to be relatively large, in those countries where it does not, it is small. The other characteristic which
defined those sectors which have a high degree of variation across countries was the technological sophistication of the
sector. Three of the top six industries with a high level of heterogeneity were high-technology industries: aircraft, radio,
TV & communication equipment and computers & office machinery. Specialisation in these industries tends to reflect
a competitive advantage (human capital, innovation), national characteristics (large defense sector) or a deliberate public

policy (Airbus).

" The dispersion measure for each sector equal the absolute value of the difference between the share of manufacturing 's value added contributed
by a sector in a panticular country minus the average share for that sector calculated across all 12 countries. To adjust for the size of a sector, this

difference is then divided by the average: (ABS (value-average)) / average.
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143. Those sectors whose shares are relatively homogenous
across countries tend to be sectors whose output is required
for human existence (the food group) and the maintenance
and construction of a basic infrastructure (ferrous metals
and non-metallic mineral products).

Table VAS-5: Descending Rank Order of Sector Share of
Manufacturing Value Added Heterogeneity Across Coun

1. non-ferrous metals
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2. aircraft

3. refined perroleum products

4. shipbuilding

5. radio, TV & communication equip.

6. computers & office equipment

7. other transponation equipment

8. professional goods

9. motor vehicles

10. textiles, spparel & leather

11. non-electrical machinery

12. electrical machinery

13. other manufacturing

14. paper products & printing

15. wood products & printing

16. pharmaceutical

17. industrial chemicals

18. rubber & plastic products

19. non-metallic matenals

20. ferrous metals

21. food, beverages & tobacco




Table VAS 2
1980 to 1989 Change in Industry’s Share of Manufacturing Value Added
(Constant Pnces, 1985=1.0)

Unlted — Unfied

sL

iSIC industry Canada® Denmark Finland _ France Germany _ Japan Norway Kingdom _ States
3100 Food, beverages & tobacco...' ......... 2.7 -0.9 26 0.2 2.1 5.0 -4.6 - -1.8 -2.0
3200 Textiles, apparel & leather.............. 0.1 -38 -14 -1.8 -1.0 -1.8 -1.8 -1.2 -1.3
3300 Wood products & furniture............ 0.5 -1 0.3 0.3 -1.0 -1.4 13 0.1 -0.6
3400 Paper products & printing............... -19 04 2.0 ‘05 0.0 0.4 1.9 0.6 -0.4
3500 Chemical products.............ccccoerueae 0.6 -0.1 03 0.9 0.6 0.3 42 1.9 0.8
3600 Non-metallic mineral products...... 0.4 -0.0 -1.4 -0.4 -0.6 -0.3 0.8 -0.2 0.7
3700| Basic metal industries.................... 0.6 0.1 0.1 0.1 0.5 3.8 23 0.1 .28
3800 Fabricated metal products.............. 45 53 0.9 1.0 44 129 0.1 0.7 6.9
3900  Other Manufacturing...................... -0.4 0.0 0.7 02 00 0.0 0.0 03 03

+ may not add due to rounding
* Canadian data Is for the 1980 to 1988 period.
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Table VAS 3
1980 to 1989 Changes in the Share of Manufacturing’s Value Added by Major Group
(current prices)

» United United
. Australla®* Canada® Finland Germany  Halys Japan Norway - Sweden Kingdom® States

High wage 1.55 5.69 0.29 3.43 0.92 2.86 0.59 3.72 2.04 6.25
Medium wage 0.37 -2.94 5.90 0.74 -1.12 -1.67 -3.19 -1.91 -0.66 -6.42
Low wage -1.92 -2.76 -6.19 -4.16 0.20 -1.18 2.60 -2.41 -1.38 - 0.18
High technology 0.03 0.88 292 21 154 464 0.84 0.02 2.80 3.06
Medium technology 2.35 3.87 3.32 . 4.92 0.09 1.66 0.65 143 -1.51 1.13
Low technology -2.38 -4.75 -6.25 -7.63 -1.63 -6.31 -1.49 -1.45 -1.28 -4.19
Resource intensive - -1.19 -0.36 -1.65 -4.76 0.16 -3.14 4.36 0.52 -1.84 -1.86
Labour intensive -1.07 -3.17 271 -1.26 1.7 -0.82 -335  -088 -1.30 -2.93
Scale intensive ' 3.34 428 0.44 3.94 0.34 -0.44 -1.80 0.49 297 5.49
Specialised supplier -0.67 1M 2.51 1.40 -1.14 2.73 -0.56 -1.97 -2.33 -3.06
Science based -0.40 0.96 1.4 0.67 181 166 1.35 1.84: 2.49 2.36

* 1980 to 1988 changes . '
+ 1980 to 1987 Changes
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Table VAS 4
Shares of Manufacturing’s Value Added by Industry in 1988

(current prices)
Unlted Unlied Unwelghted

Isic Australia _Canada___ Finland __ Frence _Germany _Haly* Netherlands Sweden K States | Average
3100 ood, drink & tobacco 178 134 119 124 103 108 118 148 180 103 128 104 129
3200 extiles, footwear & leather 72 $S 48 6.7 4.1 16.6 S.1 35 22 20 58 S 58
3300 lood, cork & furniture S8 63 7.2 30 30 54 27 25 65 70 3.3 47 48
3400 aper, print & publishing 1.2 16.1 222 74 44 59 79 106 149 16.1 10.7 10.7 116
3500 hemicals 130 129 10.1 19.6 19.0 na 18.7 257 1.7 118 17.7 175 145
3514352-3522 Industrial chemicals 65 66 65 ‘78 101 6.4 69 148 70 42 20 20 79
3522 Pharmaceuticals 15 17 09 10 19 27 29 21 1.1 28 29 26 21
3534354 Petroleum refining 06 15 0.7 64 32 na 11 59 14 19 1.6 2.1 22
3554356 Rubber & plastic products a4 30 19 kX ] e 41 4.7 29 23 28 41 39 35
3600 tone, clay & glass 5.0 s 48 43 37 72 39 40 as 32 4 3t 43
3700 sic metal industries 98 83 5.0 LX ] 712 40 8.3 5.0 128 43 5.0 49 8.7
3710 Ferrous Metals 47 40 39 3s 5.2 32 6.7 3.0 38 3.2 37 31 40
3720 Non-ferrous metals S.1 43 11 2.1 20 08 16 na 89 11 13 1.7 25
3800 Fatricated metal products & machini 294 4 322 393 418 . 359 434 ne 300 439 30.2 420 371
3810 Fabricated metal products 84 68 89 72 89 9.1 64 8.1 64 9.2 S4 75 15
3820-3825 Non-electrical machinery 41 49 14 na 86 8.7 2.1 6.0 103 13 9.2 58 75
3825 Computers & office machinery 1.7 11 15 na 2.2 o8 30 0Ss 10 18 23 a7 16
3830-3832 Electrical machinery 31 28 a7 na 45 83 6.0 16 3.2 27 4.7 32 4
3832 Communicat. equip. 8 semiconduc] 22 34 28 na 83 18 8.2 10.1 23 47 49 6.7 46
3841 Shipbuilding 1.2 04 20 04 03 0S 0S 1.3 s 04 09 06 1.0
3843 Motor vehicles 58 98 20 78 106 5.2 84 3.2 09 100 55 65 83
3845 Aerospace 10 18 04 2.; gg ; g gg ‘;\: ‘1, : ; : g: ;z ; :

4384443849 | Other tran [ nt 09 09 08 0. . . . . . X . . I

g:;g ssad.ast l\'lstrurﬂor\:sﬂwt auipme 11 00 1.2 15 30 2.7 14 0.7 [ X ] 18 1.5 3.1 15
3900 Dther manufacturing 09 24 os 15 07 1.1 15 20 0.6 10 1.2 17 13

na = data not available




II. Relationships Between Investment, Output and Competitiveness
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Introduction

144, As the previous section has documented, the countries which compose the triad have witnessed a convergence in
structure, overall R& D intensity and relative positions in international trade. Although significant strengths and weaknesses
at a sectoral level set them apart, increasingly these three regions are focusing on the same set of technologically intensive,
high wage industries: chemicals & pharmaceuticals, motor vehicles, electronics, computers and aircraft. These industries

are characterized by unusually high investment or R&D intensities.

145. Although the previous section has analysed these sectors,
~ as well as less glamorous ones, from a number of different
perspectives, the more general role of these indicators and their
relationship to other one another has not been examined and
is the focus of this section, In particular, three broad questions
are examined:

1) Are the industries that perform the bulk of R&D
also the ones that conduct a large share of tangible
investment?;

2) Which type of investment, R&D or tangible
investment, plays a more significant role in terms
of generating output?;

3) Which type of investment, R&D or tangible
investment, . has a greater association with
performance in the intemnational markets?

Intangible versus Tangible Investment

146. R&D is one of the primary forms of intangible investment,
but a significant portion of R&D spending (10 10 20 per cent)
is on tangible investment such as equipment and structures.*
Besides this direct link between the two types of investment
. 'S the more general notion that industries which are likely to
;.ngagc in one type of investment would be predisposed to
engage in the other as well. As Figure III-1 shows, the
connection between the two types of investment varies across
countries. In the EC-6, although the correlation is positive,
the strength of the relationship is very weak (R?=2.5 per cent).
By and large, those industries that make up a large share of
total tangible investment, account for a small share of total
manufacturing R&D. Although the US has a greater dispersion

Strengths and Weaknesses of
Cross Variable Analysis

This section relies on monovariaie regression analysis
(ordinary least squares) to estimate the relationship that exits
between various indicators presented in the pervious section.

‘The strength of this approach is that it reveals the direction
(positive or negative) and strength of various combinations of
indicators, revealing characteristics of the indicator which are
not apparent when seen in isolation. It also begins 1o shed light
on a number of questions of more direct relevance to policy
makers such as what the impact is of R&D on the ecomomy.

Nevenheless, as with any suatistical analysis which uses
actual data, a number of limitations should be scknowledged
and kept in mind when interpreting the findings. Foremost among
these is the fact that what is being plotied represents the
relationships observed in one potnt in time. This simplistic “snap
shot™ ignores the existence of dynamic or lagged effects. In
sddition, because of the availability of data, not all the data for
each country are for the same year and in the case of the EC-6
ares, some impornant industries could not be ploued because
the dats was missing for one of the six countries. (The second
box specifies the years used and the industries which are missing
for the EC-6 area.)

Lastly, another caveal involves the limitations associsted
with the use of monovariate regressions where because oaly one
varisble is regressed against the other what appears 0 be s
relationship between the two varisbles could be an illusion caused
by left out variable bias. Thus, instead of R&D being strongly

_ correlation with export market shares, it could be simply that

those industries that do R&D are also better managed and thus
do better in intemational markets. In this case, R&D is s proxy
for management and it is not R&D that is key w0
"competitiveness,” but good management. Similarly, the direction
of causality can not be determined: is a high share of value added
due 10 2 high share of investment or vias versa?

Until further work can be done 10 more fully analyse these
relationships and specify a more complete model, these
relatonships should be interpreted with caution.

of industries, their is almost no relationship between those industries that conduct a large share of manufacturing R&D
and those that conduct the bulk of tangible invesiment (R?=0.2 per cent). In other words, those industries that conduct
the largest share of manufacturing R&D are almost purely R&D performers and do not engage in the type of manufacturing
which involves heavy investments in capital equipment and structures. The situation in Japan is much different. Here
a strong correlation between the two investment indicators exists (R’=52.5 percent). Industries tend to engage in the
two types of investment in parallel. This is probably because of the more even distribution of R&D across the manufacturing

® This figure is based on examining the current 10 total R&D cxpenditures for France, Germany, Japan and the United Kingdom for the period
from 1985 10 1989. The main poruon of current expendiwres are for labour costs. OECD, EAS Daubank, April 1993.
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sector in Japan, panticularly in the medium-technology group which tends to be a large investor in tangible forms of investment.
This is in contrast to the clumping of R&D shares in a few select industries which is what occurs in the US and the EC.

Output and Investment

147. One of the main driving forces behind conducting investment, whether it be tangible or intangible, it to generate
more output (sales) with fewer inputs; thereby raising prodictivity and creating profits. Given this, it is expected that
those industries which have a large share of investment will also contribute a large share of value added. Figure IlI-2
shows that for tangible investment such a relationship with value added does exist: regardless of location, the larger the
share of total manufacuring investment held by an industry, the larger the share of manufacwring’s value added it contributes.
In the EC-6 group the relationship is almost a one-for-one exchange (slope=0.92).°

148. A different relationship is apparent when the focus Data Availability of the Cross Variable Analyses
shifts to the share of manufacturing R&D held by an S ' o '
industry (Figure I11-3). Here the correlation is weak and z

not statistically significant. Only in Japan isthereaswong || 1S x RDS 1986; missing | 1987 | 1989; missing

positive trend, but even here there are many industries : 8 industries® one industry+
hat hold a relatively large share of manufacturing value VAS z IS 1986; missing | 1987 1989

added but have a relatively low share of R&D. 8 Indusiries*

Nevertheless, the placement of the industries reveal VAS x RDS 1986; missing | 1989 1989; missing

different patterns between the three areas. The EC-6 group 8 industries® one industry+

reflects a bifurcated distribution where there is a large  J'p o 1986; missing | 1987 | 1989

gap between industries in terms of their R&D share with 8 industries®

those that do have a large share of manufacturing R&D .

(greater than ten per cent) contributing anywhere from RCA 2 RDS 19% 1990 ::0 ,,,::,“,:,ymf

two to nine percent of manufacturing value added. In

Japan, a much more evenly dispersed pattem is evident XMSO x RDI 1986 1989 &”w'""’mf

and those sectors which contribute a large share of R&D I=====================-unfy====

tend to contribute between six and eight percent Of  + the missing industries include industrial chemicals, peroleum refining,
manufacturing value added. The United States is  pharmaceuticals, rubber & plastic, non-elecirical machinery, computers,
. . . . . . electrical machinery and communication equipment.

characterized by a high variance in the distribution of R&D + the missing secior is shipbuilding.

shares where a few sectors hold a large share of total

manufacturing R&D.

*49. Although these figures plot a static relationship between output and investment that neglects the role of lag factors,
- pillovers and dynamic interactions, they do suggest that invesiment in plam and equipment is much more directly correlated

with output than investments in R&D.

Investment and Competitiveness

150. Another key reason (o0 invest is to improve the competitiveness of an indusiry in international markets. A series
of correlations between indicators of tangible investment (shares of total manufacturing investment and investment per
employee) and "competitiveness” (export market shares across the 13 OECD countries and revealed comparative advantage)
were calculated. By and large the relationship between competitiveness as measured by the two export indicators and
tangible investment was weak. Figure I1I-4 shows the strongest relationship which existed between shares of total
manufacturing investment and revealed comparative advantage. Although the slopes are positive for all three areas, indicating
a positive correlation between RCA and IS, only in the EC-6 did IS explain more than ten per cent of the variance in ,

RCA (R%=23.9 per cent).

% The R? for the EC-6 group is 89.1 per cent, for Japan 76.9 per cent and for the United States, 83.3.
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151. A much stronger relationship exists between competitiveness and R&D. As shown in Figure III-5, the share of
manufacturing R&D contributed by an industry is positively correlated with its RCA in Japan and the US, while a negative
correlation occurred in the EC-6. Although the correlations in both Japan and the US have nearly identical slopes, indicating
a similar link between R&D share and RCA, the US correlation has a higher level of statistical significance (US R’=71.0
per cent, Japan R%20.8 per cent). As Figure I1I-6 shows this general trend occurs even when different permutations
of R&D (R&D intensity) and "competitiveness” (export market shares across the OECD-13) are used.

152. Again, although causation can not be established and the limits of a static analysis must be recognized, it is evident

from the carrelations which have been calculated that in terms of improving performance in international markets, intangible
investment as represented by R&D has a much stronger impact, at least for the US and Japan, than tangible investment.
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Figure llI-2
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Figure IlI-3
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Figure Il1-6
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II1. Appendix: Industry Classification and Data Sources
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Industrial Coverage

Commonly used
ISIC* Industry Abbreviations
3100 Food, Beverages & Tobacco Food group
3200 Textiles, Apparel & Leather Textile group
3300 Wood Products & Furniture Wood group
3400 Paper, Paper Products & Printing Paper group
3500 Chemical Products Chemical group
3514352-3522 Industrial Chemicals Chemicals
3522 Pharmacauticals Pharmaceuticals
353+354 Petroleum Refineries & Products Petroleum Refining
3554356 Rubber & Plastic products
3600 Non-Metallic Mineral Products
00 Basic Metal Industries Basic Metals
371 iron & Steel Ferrous metals
372 Non-Ferrous Metals
3800 Fabricated Metal Products
381 Metal Products
382-3825 Machinery, net. exc. Office & Computing Machinery
3825 Oftice & Cormputing Machinery Computers
383-3832 " Electrical Machinery exc. Radio, TV & Comm. Equip. Electrical Machinery
3832 Radio, TV & Communication Equipment Communications Equipment
384 Transport Equipment
3841 Shipbuilding & Repairing Ships
3843 Motor Vshicles
3845 Aircraft
3842+38444+3849 Other Transport Equipment, nec.
385 Professional Goods Instruments
3900 Other Manufacturing nec.
3000 ‘Total Manutacturing

= *International Standard Industrial Classification, Revision 2 (ISIC Rev.2)

89




Industry Aggregations

Technology Based Industry Groups

153. The standard OECD definition of high, medium and low-technology industries has been used in this report.”
This definition was established in 1986 using 1980 data, and is scheduled to be updated in the very near future.
Nevertheless, analysis conducted last year using different databases (STAN and ANBERD) and a different selection
of countries than the 1986 work, reconfirmed the 1970 and 1980 rankings of technological sophistication based on
R&D intensities and did a preliminary update for 1989. This work indicated that the ranking of the industries is
relatively stable over time and would not change significantly if more recent data was used." .

High-technology

522 Drugs & Medicines
383-3832 Eleatrical machines excluding comm. equip.
3832 Radio, TV & communication equip.
3845 Aircraft
3850 Professional goods
3825 Office & computing equipment
Medium-technology
351+352-3522 Chemicals excluding drugs
355+356 Rubber & plastic products
- 32 Non-ferrous metals

382-3825 Non-eleatrical machinery

. 3842+3844+3849 Other transpon equipment
3843 Motor vehicles -
3900 Other manufacturing

L

Orientation Based Industry Groups

This classification is based on one developed for the
1987 OECD study entitled Structural Adjustment
and Economic Performance. The scheme was
originally developed for dividing manufactured trade
into groups based on the primary factors that affect
the competitive process.

Resource Intensive

3400 Wood products & fumiture
3534354 Pewroleum refinenes & producis
3600 Non-metallic mineral products
3720 Non-ferrous metals

Labour Intensive

Low-technol Industries

3100 Food, beverages & tobacco

3200 Textiles, apparel & leather

3300 Wood products & printing

3400 Paper products & printing

3534354 Petroleum refineries & products
3600 Non-metallic mineral products

3710 Iron & Steel ‘

3810 Meul products

3841 Shipbuilding & repairing
Specialised Supplier Industries

382-3825 Non-electrical machinery

383-3832 Eleatrical machines excluding comm. equip.
3832 Radio, TV & communication equip.

Science Based Industries

kLy»] Drugs & medicines

3825 Office & computing equipment
3845 Aircraft

3850 Professional goods

0 OECD (1986), OECD Science and Technology Indicators, No. 2, Paris.
" OECD (1992), Industnal Policv in OECD Countnes - Annual Review, Paris.
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3200 Textles, apparel & leather
3810 Meul products
3900 Other manufacuring

Scale Intensive Industries

3300 Paper products & printing
3514352-3522  Chemicals excluding drugs
355+356 Rubber & plastic products
3710 Iron & sieel

3841 Shipbuilding & repairing
3842+3844+3849 Other transport equipment
3843 Motor vehicles

Wage Based Industry Groups

154, The classification of industries into high, medium and low wage groups was based on the average labour
ompensation (labour compensation includes not only wages and salaries but also supplementary benefits paid by the
employer) across nine countries: Australia, Canada, Finland, Germany, Japan, Norway, Sweden, the United
Kingdom and the United States, for the year 1985, The average was calculated in US PPPs as labour compensation
per number engaged. The high wage grouping was defined as industries in which the wage was more than 15 per
cent above the median wage, the medium wage grouping as industries in which the wage was within 15 per cent of
the median and the low wage grouping as industries in which the wage was at least 15 per cent below the median
wage. These groupings were tested for two other time periods: 1975 and 1980 and for additional country groupings,
where data was available. These groupings appear t0 be quite stable. The only industries which move between
groups over time and alternate country groupings are iron & steel and other transport equipment.

High Wage Industries

3514352-3522 Chemicals excluding drugs

52 Drugs & medicines
. 3534354 Petroleum refineries and products
825 Office and computing equipment
343 Motor vehicles
3845 Aircraft

Medium Wage Industries

3400 Paper products and printing

3554356 Rubber and plastic products

3600 Non-metallic mineral products

3710 Iron and Steel -

3720 Non-ferrous metals

3810 Metal products

382-3825 Non-electncal machinery

3832 Radio, TV and communications equipment
3841 Shipbuilding and repairing

3850 Professional goods
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Low Wage Industries

3100 Food, beverages and tobacco
3200 Textiles, apparel and leather
3300 Wood products and fumniture
383-3832 Electrical machines excluding comm. equip.
3842+3844+3849 Orher transpon equipment
3900 Other manufacturing
Country Coverage
OECD-13 EC-6 G-7 Nordic-4
Australia Denmark : Canada Denmark
Canada France France Finland
Denmark Germany Germany Norway
~inland Italy ' Iwaly Sweden
France Netherlands Japan
Germany'? United Kingdom United Kingdom
Italy - United States
Japan ‘
Netherlands
Norway
Sweden
United Kingdom
United States

12 e suatistics for Germany in this publication refer to western Germany (The Federal Republic of Germany) before the unification of Germany.
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The STructural ANalysis (STAN) Industrial Database

Introduction

155. The STAN database was created 1 fill the gap that exists between detailed data collected through industrial surveys
and censuses, which lack intemnational comparability, and national accounts data that is internationally comparable but
only available at fairly aggregate levels. Survey-level data is inappropriate for international comparisons because it does
not always adhere to international standards and definitions. For example, Italian survey values for manufacturing value
added are only about two-thirds of those reported in the national accounts. This is because the Italian survey covers
only those businesses with 20 or more employees.”® The United States survey value for manufacturing value added
exceeds the national accounts figure by about one-third because the US survey-level data fails o exclude some purchased
services. These differences severely limit the reliability of intemational comparisons and analyses based on survey

data.

156. Through the use of an estimation technique, the OECD Secretariat has created a national accounts compatible database
for 13 countries, which cover 46 manufacturing industries for six variables over 20 years from 1970 to 1990. Unlike
many OECD databases which are based on submissions from Member countries, the STAN database is an estimated
database, it is not composed of Member countries’ official data. This is because data of this type (national accounts
dara at a detailed sectoral level) do not usually exist or are not available because of confidentiality restrictions. The philosophy

zhind the development of STAN was to create a database that reflects general trends over time and captures the relative
relationships that prevail between industries. This approach was adopted in order to create an industrial database which
is a useful tool in economic research and analysis such as discerning general trends, creating industrial indicators (eg.
productivity, R&D intensity, export market shares), and underiaking modelling exercises at a detailed industry level.
For a more detailed description of the STAN database and the estimation processes employed, see OECD (1992), The

OECD STAN Database for Industrial Analysis.

Variable Coverage and Definition in the STAN Database

Production is national accounts compatible production (gross output) in current prices. "National accounts compatible”
means that the data are consistent with national accounts data where available; elsewhere OECD estimates have been

made.

Value added is current price national accounts compatible value added and represents the contribution of each industry
to national GDP,

‘'oss Fixed Capital Formation is current price national accounts compatible gross fixed capital formation (land, buildings,
Thachinery & equipment).

Number Engaged includes number of employees as well as seif-employed, owner proprietors and unpaid family workers.

Number of Employees is national accounts compatible employment of employees corresponding roughly to a head count
of wage and salary workers.

Labour Compensation is current price national accounts compatible labour costs which include wages as well as the
costs of supplements such as employer's compulsory pension, medical payments, etc.

Export and Import data are not estimated through the STAN estimation process. They are obtained from OECD’s Compatible
Trade and Production (COMTAP) database which contains flows by ISIC Revision 2. These data have been converted
from the OECD's NEXT database, using the SITC classification, to ISIC Rev.2 using a convertor developed by the OECD.
This trade data has not been subjected 1o the same review process as the one described in the STAN publication because

13 OECD (1992). Industrial Structure Staustics 198990, Paris, p.250
“ IBID, p.269
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the data was not estimated. Taking into consideration that the SITC to ISIC, Rev.2 conversion process is not exact, a
country's trade data by industry may not be strictly comparable to the trade flows published in other sources. Nonetheless,
this trade data has the advantage of being consistently treated across countries, enhancing its comparability.

The series for Production, Value Added, Gross Fixed Capital Formation, Number Engaged, Number of Employees, and
Labour Compensation may not be identical with the standardised SNA data published in the most recent issue of OECD

' Annual National Accounts due to differing publication dates and deadlines for incorporating revisions and for other technical
reasons.
The ANBERD Database

157. The Analytic Business Enterprise R&D (ANBERD) database contains business enterprise expenditure on R&D (BERD)
performed by industry. This database contains OECD estimates and differs significantly from official data for a number
of countries. It was construcied with the objective of creating a consistent data set that overcomes the problems of international
-comparability and time discontinuity associated with the official BERD data provided to the OECD by the member countries.
It is designed to provide analysts with a comprehensive and internationally comparable data set on R&D expenditures.

158. ANBERD is based on the official BERD but involves estimates wherever:

« there are significant problems associated with the enterprise basis of the survey or with borderline
institution classifications. In general, ANBERD data tend to be closer to product field data than to
enterprise data. In addition, where evér possible, ANBERD estimates include adjustments o ensure that
the BERD of borderline institutions and public enterprises is allocated to the relevant industries;

» there are important deviations (e.g. aircraft is included in motor vehicles) from the standard ISY BERD
industrial classification;

« there are significant adjustments required for incomplete survey coverage; ' \
* there are discontinuities or breaks in series due to change in industrial classification or survey xechniques.
* there are missing data for entire years in circumstances where surveys are not conducted every year.

. The United States and Japan, which collectively represent about two-thirds of OECD’s total BERD, present two
~tases where official data is significantly limiting and where ANBERD estimates are necessary for the type of analysis
presented in this report. The official BERD data for the United States, in the 1980s, is only available for about one-half
of the manufacturing industries because of confidentiality reasons associated with federal government funding. For Japan,
the official data is provided for most industries, however, this is strictly enterprise based data. There is thus a bias in
the allocation of BERD across industries because of the presence of very large diversified firms whose secondary R&D
activities are often misclassified. The ANBERD database uses estimation techniques and supplementary product field
R&D data 10 complete and adjust the official data sets for both these countries.

~ 160. The ANBERD data set for each country is constructed in close collaboration with national statistical authorities.
For additional detail on what estimation techniques were used for a particular industry or country, see OECD (1992),

‘Business Enterprise Expenditure on R&D in OECD Countries: Data at the Detailed Industry Level from 1973 to 1990,
Paris.
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