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Abstract

To complement the traditional science and technology indicators, the OECD has been
measuring the "total R&D content" of output flows for several years. This measure not only
includes direct expenditure on research and development but also the R&D content of
infermediate and investment goods, both domestic and imported. In many cases, this
presents a more meaningful approach to measuring levels of technology. For the first time,
computations of the total R&D content were carried out for the Austrian economy. The
results are presented in this study. For a small open economy, technology flows embodied
in imports are particularly relevant. The fundamental change in the pattern of technology
flows between 1976 and 1994 demonstrates Austria's evolution towards a knowledge-
based economy.
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1. Motivation and Goals of the Study

Industries not only differ in their direct R&D intensity (i.e. direct expenditure on research
and development per unit of output) but also with respect to their use of external sources
of technology. While innovative activities of some industries (such as the pharmaceutical
industry) are primarily based on their own research and development, other industries
receive their technology primarily from sources outside the industry. The same can be said
for nations as a whole: While large advanced economies tend to rely largely on domestic
research and development (although this element of autarky is eroded in the process of
globalization), small or less advanced countries are much more dependent on technology
developed abroad.

Direct business enterprise expenditure on R&D is an important measure, which is widely
used both as a descriptive indicator and as a variable in a large array of economic
models. However, measures of direct R&D by definition do not contain any information
about the diffusion of technology among industries or countries, and, a fortiori, do not
contribute to answering the question as to who finally benefits, and to which extent from
the R&D efforts performed at a particular "location" in the economic system. Consequently,
in many analytical applications, measures of direct R&D are inadequate. One area where
this deficiency becomes evident is empirical research on the relationship between R&D and

productivity growth to wich we will turn below.

Although statistics on direct business enterprise expenditure on R&D are provided on a
fairly regular basis, measures of total R&D content (synonymously we will use the term
technology content) of an industry's or country's output are not readily available. At the
OECD (Papaconstantinou — Sakurai — Wyckoff, 1996), efforts were made to quantify the
total technology content of output flows by complementing direct R&D expenditure with
R&D embodied in domestic and imported intermediate and investment goods ('indirect
R&D")'"). However, the OECD study was confined to 10 OECD countries well-covered by

the OECD data sets. At present, owing to deficits in its input-output and R&D statistics,

') Total R&D content and innovation expenditure (see the contribution of Leo, 1999) are both designed to complement
(direct) R&D expenditure with additional components. While total R&D content is constructed on the basis of R&D data,
innovation expenditure also includes non-R&D cost elements.



Austria is not among those countries and consequently was not included in the OECD

study.

This study is designed to bridge this gap. For the first time it was attempted to quantify the
total R&D content of flows of goods and services in the Austrian economy. The method of

computation corresponds to that applied in the OECD study mentioned above.

There are several a priori reasons why this study should be of interest in the Austrian
confext. On the one hand, the international dimension of knowledge and technology
diffusion is of particular importance for small countries. Analogous to foreign trade, the
relative importance of transborder "knowledge" or "technology' transactions can be
expected to be a decreasing function of country size. On the other hand — as emphasized
by the literature on catching up and convergence?) — this is specially true for countries
behind the world technological frontier. So far, no empirical research has been done to

address these issues in the Austrian context.

Moreover, — as a special aspect — there is an "Austrian performance paradox': Rather
unfavorable evidence regarding R&D inputs and various structural aspects of the Austrian
economy is in contrast with a favorable macroeconomic performance. In spite of low
levels of investment in R&D (Marin, 1995), Austria's long-run economic performance in
terms of growth of per-capita income and productivity has been remarkable — both when
compared to its own development between the two world wars, and to that of other
European countries (Butschek, 1999). This favorable long-term development was
attributed, among others, to the successful adoption of imported technology (Steind!,
1977). One explanation refers — in the terminology of this study — to a supposedly higher
total R&D intensity, in particular due to imports of investment goods (Austria's long-term

share of capital formation in GDP is relatively high).

2 For a survey see Fagerberg (1994).



The measurement of research and development "embodied" in intermediate and
investment goods (‘indirect" R&D) is inferesting in its own right. Today, descriptive
measures of "embodied technology flows" are frequently used to complement the
traditional science and technology indicators (see, e.g., European Commission, 1997,
OECD, 1998). Moreover, they also serve as an input in a number of analytical
applications. Among the well-known applications of measures of embodied research and
development are econometric analyses of the relationship between R&D and productivity
growth. Sakurai — Papaconstantinou — loannides (1996), for example, use the database
provided by Papaconstantinou — Sakurai — Wyckoff (1996) for econometric estimates of
the impact of direct R&D expenditure and R&D embodied in intermediate and investment

goods on total factor productivity growth.

Let us conclude this introduction with a brief guide for the reader:

Section 2 introduces some theoretical background. Readers primarily interested in the

empirical results for Austria may skip this section and proceed directly to section 3.

e Section 3 introduces the method and the peculiarities of its implementation in a non-
technical manner. Readers who wish to examine rigorously the method applied are

referred to Appendix A. The data sources are documented in Appendix B.
e Section 4 presents the empirical results of the study.

e Section 5 concludes by summarizing the main findings.



2. Theoretical Background: Modeling Technology Flows

In this section®) we provide some background. In particular, we survey some recent
developments in economic theory and discuss the channels through which technological
knowledge is diffused within or across economies. Since knowledge flows are not directly
observable, we give a brief account of approaches used in modeling technology flows in
empirical research. Finally, we will touch upon some major economic applications of data

generated to capture embodied technology flows.

2.1 Recent developments in economic theory

Modern economies are increasingly linked through international trade, foreign direct
investment, migration and knowledge flows. The adoption of knowledge or innovations
generated abroad is essential for the growth performance, in particular of small countries.
Based on some recent developments, during the last decade economic theory has shown
new interest in examining the role of knowledge dissemination in the long-term growth of
nations. Since the early nineties, endogenous growth models — based on a marriage of the
theories of growth and international trade — have been applied to examine the factors of

long-term growth in the context of open economies.

International knowledge and technology flows are an important additional "productivity
transmission channel", in particular for small open economies. This has been taken into
account by new approaches in economic theory.

Traditional international trade theory has been concerned with "gains from trade" due to
specialization. The latter is based on comparative advantages, which, in turn, arise from
differences in factor endowments and technology across nations. More recently,
economies of scale are recognized as an additional source of welfare gains (Helpoman —
Krugman, 1985). Finally, endogenous growth theory also deals with dynamic increasing

returns and learning mechanisms (survey by Grossman — Helpman, 1995). This led to new

%) This section partly draws on Hutschenreiter (1998).



insights regarding the role of international linkages (including knowledge flows) as

additional "productivity transmission channels" (Helpman, 1997).

Endogenous growth theory’) provides a suitable analytical framework to assess the
economic impact of infernational knowledge flows. "R&D-based" endogenous growth
models — such as Romer (1990) or Grossman — Helpman (1991) — identify innovation (in
particular, the accumulation and diffusion of knowledge) as the driving force of long-term

economic growth.

In their seminal work, Grossman — Helpman (1991) analyze two extreme cases: The first
case, which is used as a benchmark, may be termed perfect informational autarky since
no international diffusion of knowledge takes place. The second case is characterized by
perfect (complete and costless) international knowledge diffusion. This case is akin to the
frictionless transferability of technology in the standard neoclassical (Solow — Swan) growth
model®). In the first case, knowledge capital acts as a "national’, in the second case as a
"global" public good. The Grossman — Helpman model leads, among others, to the
prediction that international diffusion of knowledge increases the growth rates of output
and productivity. Introducing international trade in intermediate goods into the model with
perfect international knowledge diffusion impacts on the attainable levels of output and

productivity, without affecting their growth rates.

However, it appears more realistic to assume that while basic technological knowledge is
diffused across national borders, the rate of this diffusion depends on the height of the
communication barriers between and on the "absorptive capacities" of the countries
involved. An endogenous growth model presented by Hutschenreiter — Kaniovski —
Kryazhimskii (1995) examines the (asymmetric) case where a small technological follower
possesses the "absorptive capacity" to adopt part of the knowledge stock of a larger,

technological leader, thereby raising the productivity of its own R&D activities. The

) See the surveys by Aghion — Howitt (1998), Barro — Sala-i-Martin (1995), Klenow — Rodriguez-Clare (1997).
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absorptive capacity of the follower is modeled as an increasing function of the knowledge
accumulated in that country. It is shown that along an equilibrium growth path, the
follower asymptotically approaches the rate of innovation (and of TFP growth) of the

leader to which it is linked informationally.

A generalized, symmetric model of Borisov — Hutschenreiter — Kryazhimskii (1999) — which
contains, as special cases, both the asymmetric model and the extreme cases analyzed by
Grossman — Helpman (1991) — allows for mutual exchange of knowledge (based on the
absorptive capacities of both countries). One major implication of this model is that in the
long run no country can gain by impeding the flow of basic knowledge to a partner
country (the rest of the world). The induced reduction of available knowledge in the rest of
the world has repercussions on the country which restricts the flow of information. The

long-run equilibrium growth rate of output and TFP common to both countries will fall.

Several hypotheses with respect to the impact of international technology diffusion on

productivity growth can be derived from the models referred to above:

e Access to a larger pool of knowledge increases the productivity of R&D activities in the
countries involved®), thus enhancing future productivity growth. Thus, in addition to the
traditionally recognized channels of technology diffusion (international trade, foreign
direct investment, etc.), a country's productivity growth is positively correlated to the
degree of its openness to flows of information and to its capability to absorb and utilize
knowledge produced abroad. In this process, domestic R&D may be instrumental to
maintain absorptive capacities (Hutschenreiter — Kaniovski — Kryazhimskii, 1995,

Borisov — Hutschenreiter — Kryazhimskii, 1999).

%) See Streifiler (1979A).

©) Closely related to the analysis of innovation is that of imitation (Grossman — Helpman, 1991, Helpman, 1993, Barro —
Sala-i-Martin, 1997). In practice, the borderline between imitation and innovation is fuzzy.
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e In an open economy, international trade provides opportunities to use input goods
developed abroad that qualitatively differ from domestic input goods, and thus to

increase productivity.

e Both international trade and foreign direct investment provide opportunities for cross-

border learning about products, production processes, market conditions, etc.

2.2  Channels of technology diffusion

Technological knowledge comprises a broad specter, ranging from basic knowledge
(which may serve as an input to further applications) to applied knowledge (such as
"blueprints" for new products). Some forms of knowledge — called "tacit knowledge" by

Polanyi (1967) — are non-codifyable and thus do not render themselves to "impersonal

modes of transfer. Knowledge is also embodied in artefacts.

Just as there are different forms of technological knowledge there is a variety of channels

for the diffusion of technology:

e First of all, technology is traded on markets. However, there is a broad consent in the
economic literature that markets for technology are inherently imperfect (Geroski,
1995, Metcalfe, 1995). This assertion forms the basis of the neoclassical market-
failure’) approach which has greatly influenced the economic analysis of technology
policy (see, e.g., the survey by Stoneman, 1987)%). The market-failure approach can be

traced back to Nelson (1959) and Arrow (1962). In his seminal paper, Arrow argued

7) Probably the most fundamental form of "market failure” is the absence of a complete set of markets. Stiglitz (1994, p.
148) notes that there are fundamental differences between the production of knowledge and other goods, in particular:
"There cannot exist a complete set of markets, and in particular there cannot exist competitive markets for commodities
that have not yet been conceived, let alone invented."

8) Compared to the analysis of market failure in the production of knowledge (and their correction by suitable policies),
the theoretical foundation of policies aimed at the diffusion of technologies is still much less developed. See the survey
by Stoneman — Diederen (1994).
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that the production of knowledge is afflicted by all three basic causes for imperfections

of competitive markets — indivisibilities, uncertainty and externalities’).

e In addition, technological knowledge is diffused by accessing various sources of
information (such as the scientific and technical literature, patent documents, databases
etc.). Specifically, this applies to codifyable knowledge. Innovation surveys regularly try
to identify and assess the importance of outside sources of information. The use of
modern information and communication technologies and services such as the internet

leads to rapid increases in such information flows.

e Another important channel for the diffusion of knowledge (including tacit knowledge) is
the mobility of personnel. Humans move across firms within a country and — through

migration — across national borders taking along their knowledge and skills'®).

e Technological knowledge is diffused in embodied form through trade in goods and
services. Embodied technology diffusion is the subject of the empirical part of this study.
In particular, technology is diffused through trade in intermediate and investment

goods.

%) First, R&D projects are often characterized by large fixed costs. The division of labor in R&D may also lead to
economies of scale (Geroski, 1995). Large fixed costs can be observed in many high technology industries (e.g., in the
aerospace industry). Similarly, "learning-by-doing" represented by more or less steep learning curves leads to dynamic
economies of scale. In particular, dynamic scale economies were examined in the semiconductor industry. See, e.g., the
survey by Grossman (1990), and, more recently, Irwin — Klenow (1994).

Second, investment in R&D is inherently risky. Investment decision related to R&D are thus inexiricably linked to risk
bearing. Moreover, markets for knowledge/technology are an extreme example of markets with asymmetric information.
Innovation by necessity implies information asymmetries. The analysis of phenomena related to asymmetric information
{such as moral hazard or adverse selection) is at the core of the economics of information (Hirshleifer — Riley, 1992,
Stiglitz, 1994). The formulation of the trade-off between risk sharing and the power of incentives for the innovative
enterpreneur in Arrow (1962) is an early exposition of the implications of asymmetric information in the modern clad of
information economics.

Third, technological knowledge has properties of a public good. We will return to this important issue in the subsection
on applications.

19 Today, the attraction of a large number of talented students and scientists from Asian countries by US universities is a
striking example. The reverse flow of graduates and skilled scientists and engineers to countries such as Taiwan or Korea
is remarkable, too. A simplistic view on "brain drain" (or "brain gain") is therefore unwarranted.
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e Foreign direct investment (FDI) projects are complex transactions involving a whole
array of technology diffusion channels. FDI flows are a mixed bag. They involve a
variety of diffusion channels (such as the sharing of blueprints, organizational and
managerial know-how, equipment, personnel, etc). As Heloman (1997) remarks we
know much more about the effects of international trade than of those of FDI. On the

impact of FDI on host countries see the survey by Blomstrém — Kokko (1997).

"Localized" externalities of knowledge production are one of the causes for the emergence
of industrial clusters. This was already recognized by Marshall (1920). See the survey by
Hutschenreiter — Peneder (1994).

2.3  Empirical approaches to modeling technology flows

Krugman (1991, p. 53f) has cast a strongly unfavorable verdict on empirical research on
knowledge spillovers: "Knowledge flows ... are invisible; they leave no paper trail by which
they may be measured and tracked, and there is nothing to prevent the theorist from
assuming anything about them that she likes". It is certainly true that knowledge flows are
not directly observable. Consequently, they have to be proxied if they are to be included in
quantitative models. Naturally, there are different approaches to modeling technology
flows and no single approach seems to be able to capture all kinds of diffusion channels
adequately. However, economic models using proxies for technology flows are testable
with respect to their explanatory power. For this reason — and in view of recent empirical

work done in that field — we do not subscribe to Krugman's outright dismissal.

In terms of a metaphor introduced by Zvi Griliches, knowledge may be described as a
pool fed by the R&D activities of the actors of the system under consideration (let us, for
the moment, disregard outflows from that pool). However, this pool of knowledge is not
equally accessible by all actors (may they be thought of consisting of firms, industries or
nations as a whole, depending on the level of aggregation we choose). For this reason,

effective outside knowledge capital stocks are constructed for analytical purposes. See,
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e.g. the surveys by Mohnen (1994, 1996). In practice, effective outside knowledge capital
stocks are often constructed as weighted R&D capital stocks of other firms, industries or
countries. The weights applied are designed to reflect the "proximity" or the intensity of
linkages between the source and the destination of knowledge flows. For this purpose,

weights of different kinds are used, which in turn reflect different kinds of linkages.

e Constructing effective outside R&D capital stocks by applying weights based on
observed linkages in terms of intermediate or capital goods is the most time-honored
approach used in empirical research (Terleckyj, 1974, 1980). In this approach,
intermediate or capital (investment) flows are used to reflect the distance between
industries. This approach makes use of either direct flows (to capture first-round effects)
or total flows (accounting for direct and indirect linkages) using Leontief multipliers

familiar from input-output economics (see, e.g., Miller — Blair, 1985).

e In infernational (multi-country) analyses, international trade flows (more specifically,
import shares) are used to capture the "proximity" of nations and thus to construct
effective foreign R&D capital stocks. Coe — Helpman (1996) use this approach in a
frequently cited econometric study on infernational R&D spillovers conducted at the
aggregate level (for selected countries' manufacturing sectors). Modifying the particular
assumptions employed by Coe and Helpman, this approach was also chosen by
Lichtenberg - van Pottelsberghe (1996, 1998). Papaconstantinou — Sakurai — Wyckoff
(1996) — as well as this study — combine this approach with the input-output based
approach mentioned above, thus covering both the intersectoral and international

dimension.

¢ Analogous to the input-output based approach, effective outside R&D capital stocks
can also be constructed on the basis of informational linkages as measured by patent
or innovation flows (patent or innovation counts by source and destination). For this

purpose, either patent data or innovation counts derived from innovation surveys are
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used. A pioneering study employing patent counts by industry of origin and industry of

use is Scherer (1984).

Recently, empirical research has also targeted FDI flows as a channel of technology
diffusion (see, e.g., Lichtenberg - van Pottelsberghe, 1996 and 1998). In this approach,
the structure of FDI is used to model technological linkages among countries. To a
great extent, this type of linkages concerns international knowledge flows involving

headquarters or subsidiaries of multinational companies.

A rather distinct way of constructing effective outside R&D capital stocks makes use of
the notion of "technological proximity". Jaffe (1986, 1989) has measured technological
proximity of pairs of firms by the vector distance of their respective structures of patent
activities (patents by technological category). This measure reflects the structural
similarities in the technological activities of firms. Of course, the same approach can be

applied at other levels of aggregation.

Let us finally note that Cohen - Levinthal (1989) have modified Griliches' pool metaphor in

one essential aspect. In order to make use of the outside stock of knowledge, the receiving

unit needs to have what Cohen and Levinthal call "learning" or "absorptive capacities". In

order to built and maintain these capacities, firms have to conduct their own, in-house

R&D activities.

There is no one-to-one correspondence betweeen the different approaches to construct

effective outside R&D capital stocks and the technology diffusion channels involved.

However, there are some rough correspondences:

Approaches using flows of goods are well-suited to capture "vertical' embodied
technology diffusion. It has to be noted, however, that trade in goods and services may
often go hand in hand with learning processes (Grossman — Helpman, 1991). More

specifically, Lundvall (1992), for example, views supplier-user linkages as a major
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vehicle of technological learning and innovation'"). In this case, we are not confined to
"downstream" technology diffusion. Rather, "upstream" transmission of knowledge plays

an important role.

e Patent-based approaches are well-suited to deal with immaterial knowledge flows

which are not necessarily related at all to trade in intermediate or investment goods.

e At the other end of the specter, the "technological proximity" approach is particularly
well-designed to model immaterial (disembodied) horizontal knowledge flows occuring
between firms engaged in similar areas of technological activity (Hutschenreiter -

Peneder, 1994).

2.3  Applications

Measures of technology flows are interesting as such. However, a purely descriptive use of
indicators cannot tell us if (or to what extent) technology flows impact on economic
variables, in particular on performance variables such as productivity, export shares, etc.
However, they may serve as a data input in various analytical applications which aim at

explaining such variables. These applications are based on models.

While innovation — which today is largely based on organized R&D efforts — is widely seen
as factor which is key to the competitiveness of firms, it is well-understood that R&D does
not impact exclusively on the economic performance of those agents actually performing
these activities. Rather, R&D gives rise to (mostly positive) externalities ('R&D spillovers").

Griliches (1979, 1992) identifies two major sources of R&D spillovers:

First, innovative input goods are often traded at a price lower than their quality would
require. This gives rise to "rent spillovers". Griliches emphasizes that the estimation of rent
spillovers is inextricably linked to problems of measurement of output, which carry over to

the measurement of productivity.

') See Schibany (1998) on co-operation in product development by and among Austrian firms.
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Second, new knowledge generated by R&D activities of one agent stimulates the
development of new knowledge by others or may enhance their technological capabilities.
Griliches has termed this type of spillovers "knowledge spillovers'. The basic cause of
knowledge spillovers is rooted in the fact that technological knowledge has — at least
partly — features of a public good. On the one hand, "knowledge capital" is "non-rival" in
principle, i.e. the utilization of knowledge by one agent does not infringe on its utilization
by other agents (think, e.g., of a string of computer software). Second, knowledge is
imperfectly excludable (see Griliches, 1979, or Romer, 1990). In practice, R&D performers
often find it difficult to exclude others from utilizing the results of their R&D activities
(keeping their knowledge exclusive) since knowledge leaks out of firms through a variety of

channels.

However, the public goods analogy should not be overstretched: Contrary to textbook
examples of public goods, technological knowledge available in principle is usually not
appropriable without cost. As mentioned above, potential innovators have to be equipped
with certain capabilities — termed "learning" or "absorptive capacities" by Cohen — Levinthal
(1989) — in order to adopt and make efficient use of existing technological knowledge.

Thus, the appropriation of knowledge itself is a knowledge-intensive process.

There is a huge body of empirical literature attempting to quantify R&D spillovers using a
variety of approaches. Over the past decade, a number of surveys was prepared applying

the results of empirical studies covering the whole specter of approaches available'?).

In the wake of the pioneering work of Solow (1957), a vast number of "growth

") studies have attempted to quantify the contribution of changes in factor

accounting
inputs (in the most simple version labor and capital) and "technical progress" to output

growth. This approach has its roots in the neoclassical Solow — Swan growth model (see,

'2) See, e.g., Griliches (1992, 1998), Klette — Moen — Griliches (1999), Mohnen (1994, 1996).
1% For a critical review of "growth accounting” by one of its pioneers, see Abramovitz (1996). Grossman — Helpman
(1991) attack the growth-accounting approach in the context of innovation.
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e.g., Barro — Sala-i-Martin, 1995). "Technical change" or changes in "total factor
productivity" (TFP) is measured as a residual (the well-known "Solow residual’)'®). Since in
many empirical studies, technical change emerged as an important determinant or even
as the most important single source of economic growth (see, e.g., Barro — Sala-i-Martin,
1995), it appeared to be a reasonable research strategy to squeeze down the residual by
introducing additional explanatory variables, i.e. by augmenting the production function.

For further details see Hutschenreiter (1995, 1998).

Econometric regression analysis based on a production function augmented by a "R&D
capital stock" and one or more "spillover variables" is still the most widely used approach
in estimating R&D spillovers'®). Econometric studies of the relationship between innovation
and productivity growth are conducted both at the firm and the industry level (intersectoral
R&D spillovers). More recently, there has been a surge in the literature dealing with
international R&D spillovers. A number of recent empirical studies point at the presence of
significant international R&D spillovers. They conclude that cross-border information or

technology flows have a significant impact on productivity growth'®).

In the context of this study it is worth noting that the data provided by Papaconstantinou —
Sakurai — Wyckoff (1996) were used by Sakurai — loannides — Papaconstantinou (1996) in
pooled regressions across countries and industrial sectors for both the seventies and
eighties. According to their estimates, only direct R&D contributed to TFP growth in the
manufacturing sector (average rate of return 15%). The diffusion of technology from
outside the manufacturing sector did not play a significant role in its productivity growth.
This result is at odds with those of numerous other studies in the field. The results obtained

for the service sector were radically different, however. In the (unweighted) regression,

') Rather, the "Solow residual" represents a "bundle of variables" (Kendrick, 1991, p. 150) and was succinctly termed a
"measure of our ignorance" by Abramovitz (1956, p. 11).

13) For further details on the specifications in use, see Hutschenreiter (1995).
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embodied R&D turned out to be significant and exhibited high rates of return (130% in the
seventies and 190% in the eighties). In this context, acquired investment goods emerged
as the most important source of productivity gains in the service sector. In particular, the
authors found that the rates of return on acquired R&D were particularly high in the
information and communication segment of the service sector (transport, communication,
finance, insurance, real estate, business services). Accordingly, Sakurai — loannides —
Papaconstantinou (1996) support the hypothesis that in high-technology industries
productivity growth is to a great extent driven by immaterial knowledge spillovers, whereas
in the service sector spillovers through acquired investment goods are predominant. With
respect to the international dimension, Sakurai — loannides — Papaconstantinou (1996) —
in accordance with other studies — find an inverse relationship between the contribution of
imported R&D to a country's TFP growth and country size. In small countries, the
confribution of imported technology sometimes exceeds spillovers within the country.
Extremely high rates of return were estimated for R&D embodied in imported intermediate
and capital goods of the information an communication service sector (over 400% in the
seventies and 300% in the eighties). In countries such as Denmark, Australia, the

Netherlands and Canada, imported technology played a dominant role.

Another recent application of the embodied technology flow data compiled by
Papaconstantinou - Sakurai - Wyckoff (1996) can be found in loannides — Schreyer
(1997).

1%) See, e.g., the well-known study by Coe - Helpman (1996), but also Coe — Helpman — Hoffmaister (1997), Bernstein —
Mohnen (1998), Lichtenberg - van Pottelsberghe (1996, 1998), Keller (1997), Eaton — Kortum (1996), Eaton — Gutierrez
— Kortum (1998).
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3. Method and Implementation

The method applied here to quantify the total technology content of flows of goods and
services in the Austrian economy follows that of the OECD study by Papaconstantinou —
Sakurai — Wyckoff (1996) in order to provide opportunities for international comparisons

(on the procedure of computation see Appendix A: "Method of computation").
Basically, this approach rests on the following assumptions:

International comparability is somewhat reduced by the following facts: First, we had to
rely on Austrian data not harmonized by the OECD (this applies to both the R&D data and
the input-output tables). Second, the Austrian study had to be conducted at a higher level
of aggregation than the OECD study. Once more, these constraints are due to the
aggregation level of both the available R&D and input-output data, in particular of the

capital flow matrix (for details see Appendix B: "Data sources").
e Direct R&D expenditure is a proxy for technology embodied in products.

e Infersectoral input flows, as captured by the input-output tables, are the carriers of

technology across industries and economies.

e The "import proportionality" assumption asserts that the imports of a certain input good
from a given country are distributed proportionally across all receiving sectors by
applying the share of the country of origin in total imports of the respective product to
all receiving industries.

The total R&D content of the output of industry | (also called the total technology content

of its output) is defined by the sum
TTTL, = R + TINT? + TINV + TINT™ + TINV" .

The first component of the sum on the right-hand side is direct expenditure on R&D of the

industry, R,. The other four components together make up acquired technology. TI NTjd

represents R&D embodied in domestic intermediate inputs purchased by the industry,
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TINVJ-d represents R&D embodied in domestic capital goods purchased by the industry,
TINT™ represents R&D embodied in imported intermediate inputs purchased by the
industry and, finally, TINV™ stands for R&D embodied in imported capital goods
purchased by the industry.

In the following we give a brief non-technical description of the four components of
acquired technology (for an exact exposition see Appendix A: Method of computation).

Tl NTJ.d captures the R&D content embodied in domestic intermediate input purchases by

industry j . It is calculated as a weighted sum of the direct R&D infensities (expenditure on

R&D per unit of gross output) of all other domestic industries, the weights being the total

(direct and indirect) domestic intermediate input requirements of industry j (for all

domestic intermediate goods other than i).

TINVJ-d is the R&D content embodied in domestic investment goods acquired by industry

j. It is defined as the sum of direct R&D intensities of all other domestic industries
weighted by industry j ‘s domestic purchases of the respective investment goods multiplied

by the total respective input requirements of industry j .

TINT™ measures the R&D content of foreign intermediate input purchases by industry j.

This component is a weighted sum of the direct R&D intensities of all industries in trade

partner countries, with weights equal to demand of industry | for imported intermediate

good i from a given country of origin.

Similarly, TINV{™ measures the R&D content of foreign investment goods purchases by

industry j . Here, foreign direct R&D intensities are weighted by the demand of industry |

for imported investment good i from a given country of origin.

Due to the restrictions imposed by a lack of data for Austria, some adaptations had to be

made in the implementation. In particular, this concerns the level of aggregation (see Box

tip
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'Data Sources'). Due to abscence of R&D data available for the service sector, in the
present study — just as in the OECD study by Papaconstantinou — Sakurai — Wyckoff (1996)
— direct R&D expenditure refers to the manufacturing sector only. Consequently, the total
R&D content is underestimated by neglecting both the direct expenditure on R&D of the

service sector and the technology content of service inputs.
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4. Results: The Structure of Embodied Technology Diffusion in Austria

4.1 The structure of total R&D content

Figure 1 shows the structure of the total R&D content of aggregate output. Total R&D
content comprises direct R&D expenditure of the manufacturing sector and R&D embodied
in intermediate and investment goods originating in the manufacturing sector and
absorbed by all sectors (including the service sector). In Austria, direct expenditure on R&D
of the manufacturing sector (the conventional R&D measure) amounts to nearly half of the
total R&D content of the aggregate output of all sectors. In 1994, 45.2% of the total R&D
content were accounted for by direct R&D and 54.8% by R&D embodied in domestic and
imported intermediate and investment goods. The most important component of indirect
research and development is R&D embodied in imported and domestic intermediate
goods (23.2% and 16.4%, respectively). The shares of imported and domestic investment
goods are significantly lower (8.3% and 6.8%, respectively). The increase in the share of
imported technology is due to the growth of R&D embodied in imported intermediate
goods. In contrast, the share of direct R&D does not follow a clear trend: It increased to
over 50% between 1976 and 1983, and dropped again to the level of the mid-seventies
between 1988 and 1994 (45.6%)").

In Austria, direct R&D expenditure accounts for nearly half of the total R&D content of
output. The most important component of "indirect research and development" are
imported and domestic intermediate goods. Over time, the share of imported technology is
increasing.

Figure 2 shows the structure of the total R&D content of manufacturing output only. It
includes direct expenditure on R&D of the manufacturing sector and technology

originating in and acquired by the manufacturing sector. Of course, direct expenditure on

17} The data for 1994 are not strictly comparable to those for previous years, however.
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R&D accounts for a considerably higher share (between 60% and 70%) of total R&D

content in this definition.

4.2  Total R&D intesity in an international comparison

Total technology intensity (defined here as the ratio of total R&D content to gross output of
the manufacturing sector) is, for many purposes, a more meaningful measure of the
technology level of a nation's or (industry's) production than direct R&D intensity. In
particular in small and lagging countries, it is likely to be considerably higher than direct
R&D intensity. Consequently, international comparisons based solely on direct R&D
intensities are likely to understate the technology level of the production systems of such

countries.

In the seventies and eighties, Austria experienced a dynamic process of catching up in
terms of total technology intensity (Figure 3). The latter has more than doubled between
1976 and 1988, increasing at a higher rate than that of any other country in the sample,
thus approaching that of Canada. This process was mainly driven by a surge in direct R&D

investment and, to a lesser extent, by embodied technology imports.

However, this process of catching up started from a relatively low initial level. In spite of an
above-average increase, Austria's total technology intensity is, therefore, comparatively
low by international standards. Between 1988 and 1994, this process lost much of its
momentum. While the ratio of R&D embodied in intermediate goods to gross

manufacturing output continued to expand, direct R&D intensity was stagnating.

Between 1976 and 1988, Austria caught up significantly in terms of total technology
intensity. Later on, growth lost its momentum. Compared to other OECD countries, Austria
is still lagging behind.

The ratio of technology acquired through the purchase of intermediate and investment
goods to direct R&D expenditure varies considerably across countries (Papaconstantinou —

Sakurai — Wyckoff, 1996). "Acquired technology" ('indirect research and development") is

tip
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defined as the R&D content of intermediate and investment goods, irrespective of whether

they are produced domestically or abroad.

Direct expenditure on R&D tends to be relatively high in the large, research-intensive
countries such as the United States and France, where the ratio of "indirect research and
development" to direct R&D expenditure is approximately 2:3. For Canada, a country with
a relatively low ratio of expenditure on R&D to GDP, and strong informational and trade
links to its large neighbour, the United States, the inverse relation (3:2) holds. In Australia,
a largely resource-based economy, the ratio of acquired R&D to direct expenditure on
R&D is as high as 2:1. In this specter, Austria holds a middle ground with a ratio in the
vicinity of 1:1. To a considerable extent, the differences observed across countries are due
to the varying shares of R&D embodied in imports, i.e. on the weight of international

technology diffusion through intermediate and investment goods.

These country differences can also be highlighted by decomposing the ratio of total R&D
content to direct expenditure on R&D which is called the "technology multiplier" by
Papaconstantinou — Sakurai — Wyckoff (1996). Table 1 shows that Austria's technology
multiplier (2.2 in 1994) is higher than that in the large economies included in the OECD

sample. Only Canada and Australia show significantly higher technology multipliers.

As expected for a small open economy, the ratio of R&D embodied in imported
infermediate and investment goods to direct expenditure on R&D is higher in Austria (0.7
in 1994) than in large countries. This fact is a reflection of the relatively important role of
imports. The ratio computed for Austria is in the same range as that of the two countries in
the sample which are most comparable to Austria: It is also 0.7 (1993) for the

Netherlands, and 0.6 for Denmark. For both Canada and Australia, the ratio is 0.8.

Austria's ratio of R&D content of imported intermediate and investment goods to direct
expenditure on R&D exceeds that of large countries. However, it is in a range typical for
small open economies, however. There is no evidence for Austria realizing gains from
imported technology in excess to those of comparable countries.
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The figures presented show that Austria participates more in international technology
diffusion than large countries. However, they do not provide evidence for a particularly
strong "leverage effect" exerted by imported technology putting Austria to a particular

advantage vis-a-vis comparable small open economies.

In 1976, the service sector was still lagging far behind the manufacturing sector as a
receiver of indirect R&D. By 1994 it was at a par already.

According to Table 1 the ratio of R&D embodied in capital goods to direct R&D was
between 0.3 and 0.4 in the period observed. This is a quite common value (comparable

to Denmark, the Netherlands, France, Germany).

According to Papaconstantinou — Sakurai — Wyckoff (1996) the United States have the
highest share of technology acquired through investment goods (over 40% in 1990), and
Denmark the lowest. In Austria, the share of technology acquired through investment
goods is above 40% in the service sector, and between 10% and 20% in the

manufacturing sector.

4.3  Total R&D content and gains in technology intensity by industries

Total R&D content varies significantly across industries. In absolute terms, electrical
machinery is by far the single most important industry in terms of total R&D content (nearly
ATS 10 billion in 1994), followed by chemicals, transport equipment and non-electrical
machinery (Figure 4). Between 1976 and 1994 we observe a rapid — approximately

tenfold — increase in the total R&D content in the electrical machinery industry.

In addition to the levels, Figure 4 also shows the structure of total R&D content by industry.
A remarkable change in the composition of total R&D content can be observed in the
transport equipment industry in the early nineties which saw a rapid expansion in R&D

embodied in imported intermediate goods. This can be seen as a reflection of the
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consolidation of Austria's automotive industry, in particular of the substantial expansion of

activities of subsidiaries of multinational car-manufacturing companies.

Table 4 shows, for each year under observation, the five industries which reaped the
largest gains in technology intensity by means of acquiring embodied technology from
outside sources (domestic or imported). In 1994, these industries consisted of transport
equipment, instruments, electrical machinery, non-electrical machinery, and chemicals.
The Top-3 industries are the same (and in the same rank order) in all four years under
examination. non-electrical machinery was among the Top-5 in all four years. After 1983

the chemicals industry has replaced the fabricated metal industry.

Table 4 shows that in 1994 total acquired technology contributed 2.2 percentage points
to the total technology intensity of the transport equipment industry. This contribution is
decomposed further in the contribution of domestic acquired technology and imported
acquired technology, respectively. Domestic acquired technology contributed 0.3% and
imported acquired technology 1.9% to the industry's technology intensity. The share of the

largest foreign contributor in imported acquired technology, Germany, was 54% in 1994.

Among the Top-5 industries included in Table 4 there appears to have occured a
substantial increase in the gains in technology intensity from acquired technology between
1988 and 1994. In most industries, this is due to increases in both the acquisition of
domestic and imported technology. In general, the contribution of imported acquired

technology is much higher than that of domestic acquired technology.

4.4  Trends in the use of acquired technology
In this study, we define "acquired technology" as the total R&D content embodied in
infermediate and capital goods, irrespective of whether they are produced domestically or

abroad.

In the two decades observed, one of the most significant trends in the overall use of

acquired technology is the increasing importance of the service sector as a destination of
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embodied technology flows, i.e. as a user of technology generated elsewhere (Figure 5).
Between 1976 and 1994, the importance of the service sector as a destination of
embodied technology flows, i.e. as a user of technology generated elsewhere, increased
significantly. In 1976, the service sector (other services, excluding utilities & construction)
received 35% of total indirect research and development'®), while manufacturing still was
by far the most important destination of embodied technology flows: Light manufacturing,
heavy manufacturing and machinery together accounted for 48% of total acquired
technology. This pattern has undergone significant change: By 1994, the service sector
share went up to 44% and thus was almost at a par with the manufacturing sector. As
expected, the share of the primary sector diminished contfinuously, while the share of

utilities and construction was stable for a decade.

Box 1: Sector classification

Sectors
Primary Sector

Light Manufacturing
leather,

Heavy Manufacturing
clay

Machinery

Transport,

Utilities & Construction

Other Services

'8) For the sector classification see Box 1.

Industries
Agriculture and forestry, Mining

Food and tobacco, Textiles and

Wood and furniture

Paper and printing, Chemicals, Stone,

and glass, Basic metal

Fabricated metal, Non-electrical
machinery, Electrical machinery,

Instruments
Electricity, gas and water, Construction

Transport and storage, Communication
and Other Services
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4.5  The role of technology imports

For a small country like Austria, international technology diffusion potentially plays an
important role in the long-term growth process. As shown above, technology acquired
from abroad has a relatively greater weight in small open economies than in the larger

economies. Let us therefore take a closer look at technology imports.
At a general level, an examination of the data leads to the following three observations:

e The R&D content of imported intermediates increased dramatically between 1976 and
1994. The R&D content of imported investment goods has also grew rapidly, though at

a slower pace.

e In the Austrian economy, Germany plays an outstanding role as a source of R&D
embodied in intermediate goods, and a still more important role as a supplier of

research and development embodied in investment goods.

e The machinery sector is by far the most important recipient of technology embodied in
imported intermediate goods. In contrast, the service sector (other services) is by far the

most important destination of technology embodied in investment goods.

Figure 6 provides an overall picture indicating a highly skewed distribution of technology
embodied in intermediates by country of origin, with Germany playing a dominant role as
a supplier of embodied technology to the Austrian economy. For better visibility, the data
presented in Figure 6 are shown once more in Figure 7 (R&D imports from Germany only)

and Figure 8 (R&D imports from other countries, except Germany).

The R&D content of intfermediate goods from Germany increased from ATS 632 million in

1976 to ATS 3,840 million in 1994 (Figure 7)'). This is due to the combined effect of a

%) For a comparison: Austria's GDP at 1976 prices (1976 = 100} has just approximately doubled (1994: 198) in the
period between 1976 and 1994.
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deepening international division of labor and rising R&D intensities in German

manufacturing.

The R&D content of intermediate goods imported from other countries (apart from
Germany) is presented in Figure 8. All other countries together have only a slightly higher
share than Germany alone. After Germany (and the "other OECD" group of countries), the
United States (8.3%) is the second most important supplier of technology to Austria,
followed by Japan (6.7%) and France (6.2%). The "other OECD" group of countries
includes several European trade partners, most notably — given its volume of trade with
Austria — Switzerland. The importance of the United States as a source country may be
surprising at first. However, it reflects both the structure of exports from the United States to
Austria and the high R&D intensity of manufacturing in the United States. The indirect R&D
imports through intermediate goods from lItaly, the Netherlands and the United Kingdom
are modest, being in the range between ATS 250 and 280 million (1994), respectively.
This corresponds to shares of these countries in the R&D content of imported intermediate

goods between 3.0% and 3.3%. The shares of the remaining countries are negligible.

Germany dominates Austria's embodied technology imports — in particular through
investment goods — to an even greater extent than its manufacturing imports. The United
States is the second most important partner country in this respect (apart from the "other
OECD" group of countries).

The dependency of Austria's manufacturing industries on technology acquired through
infermediate goods is shown in Table 2. In all industries, intermediate (as opposed to
investment) goods play a dominant role in the acquisition of embodied technology. For the
electrical machinery, transport equipment and chemicals industries, imports of
infermediate goods hold a particularly large share in total acquired technology. At the low
end of the specter we find the food and tobacco, stone, clay and glass, wood and

furniture and paper and printing industries.
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The distribution of R&D embodied in investment goods by country of origin of is shown in
Figure 9 which indicates a still more pronounced predominance of Germany than
observed in the case of intfermediate goods. For better visibility, the data presented in
Figure 9 are shown once more in Figure 10 (R&D imports from Germany only) and Figure

11 (R&D imports from other countries, except Germany).

In nominal terms, the R&D content of investment goods imported from Germany increased
nearly fivefold from ATS 321 million in 1976 to ATS 1,531 million in 1994 (Figure 10).
Thus, it is not only much lower in absolute terms than that of intermediate goods but its

growth has been less pronounced.

The R&D content of investment goods imported from other countries (apart from
Germany) is presented in Figure 11. The rest of the world (all countries except Germany)
taken together have a somewhat lower share than Germany alone. Germany (and the
aggregate "other OECD") is again followed by the United States (8.1%) as the second
most important supplier, Japan (7.5%) and France (6.6%). Thus, the rank order of the
Top-5 source countries is the same as that for imports of intermediate goods. The indirect
R&D imports through investment goods from ltaly, the United Kingdom and the
Netherlands are small, in the range of ATS 106 to 51 million (1994). This corresponds to
shares between 1.7% and 3.6%. The shares of the remaining countries (Denmark,

Canada, Australia) are negligible.

Embodied technology imports from overseas, in particular from China and the Dynamic
Asian Economies (DAE), Japan und the United States have shown particularly rapid growth
in the two decades under examination. This is true for both intermediate and investment

goods.

The dependency of Austria's manufacturing industries on technology acquired through
investment goods is shown in Table 3. Usually, investment (as opposed to intermediate)

goods play a relatively minor role in the acquisition of embodied technology. The shares
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of imported investment goods in total acquired technology is much more volatile than that
of imported intermediate goods. It tends to be much higher in the traditional consumer
goods and construction materials industries than in the machinery and chemicals
industries. In 1994, in the food and tobacco, wood and furniture, stone, clay and glass
industries, imports of investment goods held a particularly large share in total acquired

technology.

As shown, Germany plays a dominant role as a source of embodied technology for the
Austrian economy. As such, this is not surprising since Germany is by far Austria’s most
important trading partner. However, Germany’s importance as a source of acquired
technology even exceeds its weight in Austria’s foreign trade. While Germany's share in
Austrian imports of manufacturing goods is 42.2%, its share in research and development
embodied in imported intermediate goods amounts to 45.8% (1994). For investment
goods, this difference is even more pronounced: Germany supplies 51.1% of research

and development embodied in imported investment goods (1994).

A comparison of source country shares in Austria's total imports of manufacturing goods
with their shares in research and development embodied in imported intermediate and
investment goods is provided in Figure 12. Just as in the case of Germany, the shares of
the United States, Japan and, to a lesser extent, France in the R&D content of imported
intermediate and investment goods significantly exceed their respective weight in Austria's
imports of manufacturing goods. In contrast, Italy and, to a lesser degree the "other
OECD" group of countries have lower shares in the R&D content of import flows to Austria

than in imports of manufacturing goods.

In the five industries with the largest contribution of indirect research and development to
total technology intensity, Germany appears as the most important source of indirect
research and development in all the years examined.

For the five industries with the largest contribution of indirect research and development to

total technology intensity, Germany appears as the principal source of research and
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development acquired from abroad in the four years under examination (Table 4),
although the share of Germany decreased (in particular between 1988 and 1994).
However, the position of Germany vis-a-vis Austria is not unique. Other countries show a
similar pattern of "dependence". Papaconstantinou — Sakurai — Wyckoff (1996, p. 60)
report that the United States is the principal source of embodied technology imports for all
of Canada's Top-5 industries. The Top-5 industries in the other nine countries in the
OECD sample have at least one additional "most important source country" (or group of
countries). "Technology sourcing” in these terms is still often dominated by a single country
(mutiple entry of a source country). Taking a view across countries, the United States

appears most frequently as the principal source of technology imports.

4.6  Performance and acquisition of R&D

Industries performing much research and development are, in general, not the same as
those which heavily acquire research and development embodied in intermediate and
investment goods. While an industry's "R&D performance" is given immediately by its direct
expenditure on R&D, its acquisition of embodied technology — via the structure of inter-
industry intermediate and capital flows — depends on (domestic and foreign) downstream

industry R&D intensities.

The "electrical machinery" industry is the biggest investor in research and development. The
acquisition of indirect research and development is much less concentrated. Two service
industries turn out to be the most important receivers of technology.

Table 5 confronts the Top-5 R&D-performing industries in terms of shares in total
manufacturing sector expenditure on R&D with the Top-5 technology-using industries

ranked according to their share in total acquired technology®).

29) Recall that manufacturing and service sector industries are treated asymmetrically in this study: Due to a lack of data,
service industries do not appear as performers of R&D. However, the do appear as users of R&D embodied in goods

originating in the manufacturing sector.
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In 1994, electrical machinery was by far the most important R&D performing industry in
Austria. This industry accounted for almost half (47.9%) of total manufacturing sector
expenditure on R&D, followed by chemicals (20.3%), non-electrical machinery (10.6%),
transport equipment (7.9%) and fabricated metal (4.9%). Thus, the performance of R&D is
highly concentrated in Austria. Moreover, concentration appears to have increased over
time: The Top-5 industries together accounted for 65.6% of total manufacturing sector
direct expenditure on R&D in 1976, as compared to 84.1% in 1983, 87.3% in 1988 and
91.6% in 1994. However, this concentration rate is not unusual. Taking a view across the
results for 10 OECD countries (1993) Austria ranks 7" in this respect. In the period of
observation, the weight of the electrical machinery industry increased particularly rapidly
and was considerably higher than its share reported by Papaconstantinou — Sakurai —
Wyckoff (1996, p. 55) for the other OECD countries (1990) in their sample. Only in
Canada the electrical machinery industry has a similar share (43.3% in 1993) as in

Austria.

The distribution of acquired technology across industries is quite different from that of
direct expenditure on R&D (R&D performance). Table 5 shows the respective Top-5
industries. Concentration is not only much lower in this case, but the two major users of
technology in 1994 were service industries: other services (28.9%) and transport and
storage (10.2%). Only then we find two manufacturing industries, transport equipment
(9.8%) and electrical machinery (9.2%), followed by construction (7.2%). Over time, the
two leading service industries substantially increased their share in total acquired

technology while the other industries gained little or lost in importance.

Other services are the major technology-acquiring sector in all countries of the OECD
sample (1993). Although also in Austria other services became the most important
technology-absorbing sector, its share lags behind by international standards. In several

countries, the share of other services is higher than in Austria: Australia (35.3%), France
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(36.5%), Germany (31.7%), ltaly (30.5%), Japan (32.4%), United Kingdom (36.3%),
United States (33.8%).

4.7  Flows of acquired technology from source clusters to user industries

In analogy to the OECD study by Papaconstantinou — Sakurai — Wyckoff (1996)
manufacturing  industries were consolidated to five source clusters: Information,
transportation, consumer goods, materials and fabrication. For a definition of these
clusters see Box 2. The distribution of acquired technology (indirect research and
development) by source clusters and acquiring industries or sectors points at the
meanwhile outstanding role of the information and communication sector as a source of

technology.

Austria's evolution towards a knowledge-based economy is illustrated by the change in the
pattern of technology flows.

Box 2: Cluster classification

Cluster Industries

Information Electrical machinery, Instruments
Transportation Transport

Consumer goods Food and tobacco, Textile and leather
Materials Wood and furniture, Paper and printing,
Chemicals,

Stone, clay and glass, Basic metal

Fabrication Fabricated metal, Non-electrical machinery

Tables 6 — 9 report, for all four years observed, the distribution of acquired technology

flows by source cluster and acquiring industry or sector. An examination of the data
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presented reveals the outstanding role of information and communication technology in

total acquired technology flows.

By 1994 (Table 9), the information technology cluster was by far the most important
source of acquired technology in the Austrian economy, accounting for 43.5% of total
acquired technology, followed by the materials cluster (24.3%). Thus, there has been an
almost perfect reversal of the pattern prevailing in 1976 (materials cluster 43.6%,
information technology cluster 25.3% of total acquired technology). The shifts in
technology flows from the remaining source clusters (transportation, consumer goods and
fabrication) are minor. At the same time, the service sector became the most important

user of acquired technology (51.6%).

In 1994, the information technology cluster was the most important source of technology,
with the materials cluster lagging far behind. The reverse pattern was prevailing in 1976.

At the sector and cluster level, information technology absorbed by the service sector turns
out to be the most important flow of embodied technology in quantitative terms (24.4% of
total acquired technology) in 1994, whereas in 1976 this position was held by technology
embodied in materials and absorbed by the manufacturing sector (23.1%). This
development reflects a profound and pervasive change in the pattern of embodied
technology flows. Even for the manufacturing sector, the information technology cluster is
recently (1994) the most important source of embodied technology (18.0% of total
acquired technology), thus outperforming the materials cluster (13.0%). In 1976, the

respective shares were still 12.1% and 23.1%, respectively.

The absorption of indirect research and development originating in the information
technology cluster by the service sector is the most important technology flow in
quantitative terms. Even in manufacturing, the information technology cluster was the most
important source of technology, leaving behind the materials cluster. Here, too, the
relations have changed fundamentally since 1976.
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The changes in shares between 1976 and 1994 of acquired technology from source
clusters in absolute terms are shown in Table 10. The largest gain in shares between 1976
and 1994 can also be observed for technology acquired by the service sector from the
information technology cluster (+12.3 percentage points). This is mainly due to the gains

in shares realized by other services (+8.6 percentage points).

For all for years under examination, the structure of acquired technology flows originating
in each of these source clusters by industry or sector of destination is shown in Tables 11 —
14.1n 1994 (Table 14), 55.8% of the embodied technology originating in the information
technology cluster . — which is by far the most important source of acquired technology —
was absorbed by the service sector (31.7% by other services), whereas 41.4% went to the
manufacturing sector. In 1976, these two sectors were still at a par, accounting for 47% to
48% of indirect research and development acquired from the information technology
cluster. The changes in shares between 1976 and 1994 of acquired technology from

source clusters in percentage points are shown in Table 15.

The evolution over time of embodied technology flows from each of the five source
clusters to the individual industries of destination is shown in Figures 13 — 17. It should be
noted, however, that the scales applied in these figures vary. Figure 13 illustrates the
enormous increase in information technology acquired by other services. In nominal terms,
this flow has increased from ATS 0.2 to 2.7 billion between 1976 and 1994. In the
nineties, the electrical machinery industry, construction, non-electrical machinery as well as

transport and storage also experienced rapid growth in acquired information technology.
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5. Conclusions

In Austria, direct business sector expenditure on R&D accounts for not quite half of the
total R&D content of output. The most important components of "indirect research and
development" are imported and domestic intermediate goods, investment goods being less
important in this respect. In the longer run, the share of imported technology in total R&D
content is increasing. Although initially Austria was able to catch up, total R&D intensity

was still low by international standards in 1994.

With a ratio of "indirect research and development" to direct R&D expenditure close to
1:1, Austria holds a middle position in the international community. In large, advanced
economies, this ratio is significantly lower. As expected, the ratio of R&D embodied in
imported intermediate and investment goods to direct R&D expenditure is relatively high —
the same holds true for comparable small open economies, however. Thus, there is no
evidence that Austria holds an extraordinary position based on above-average imports of
technology. Consequently, analyses based on total R&D content cannot be expected to
contribute much to the "performance paradox' mentioned in the introduction. Analyses

based on innovation survey data appear more promising in this context.

Germany plays an outstanding role as a supplier of imported technology to Austria.
Germany dominates technology imports — particularly through investment goods — to an
even higher degree than Austria's imports of manufacturing goods. The United States is the
second most important partner country in this respect (apart from the "other OECD" group

of countries).

The change in the pattern of technology flows over the two decades examined provides an
impressive picture of the evolution of Austria towards a "knowledge-based economy". On
the one hand, the service sector has gained significantly in importance as a destination of
technology flows, catching up with manufacturing by 1994. On the other hand, the weight
of the information technology cluster has been increasing rapidly: Already in 1994, the

information technology cluster was by far the most important source of technology,
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outweighing the materials cluster. Thus, the relations prevailing in 1976 have been almost

completely reversed.

Indirect research and development originating in the information technology cluster and
absorbed by the service sector constitutes the most important flow of technology. Even in
manufacturing, the information technology cluster was the most important source of
technology in 1994, thus outperforming the materials cluster. Here, too, the relations have

undergone a fundamental change since 1976.
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Appendix A: Method of computation

The method employed in this study to compute embodied R&D follows Papaconstantinou -
Sakurai - Wyckoff (1996). This choice was made in order to make international

comparisons feasible.

The total R&D content of industry j ‘s*') output is defined by the sum

TTTL, = R + TINT? + TINV® + TINT™ + TINV,"

R, ... direct R&D expenditure of the industry, TINT! ... R&D embodied in domestic
intermediate inputs purchased by the industry, TINVjd ... R&D embodied in domestic

investment goods, TINT™ ... R&D embodied in imported intermediate inputs, TINV/" ...

R&D embodied in imported investment goods. The last four components — to be defined

rigorously below — together make up "indirect" research and development.
The direct R&D intensity of an industry is defined as its direct R&D expenditure per unit of
gross output, i.e.

ri = — (i:l,...,n)

As usual, the Leontief inverse is defined by
B=(1-A%)" ,

| ... identity matrix, A’ ... matrix of domestic input coefficients. A characteristic element
b.

; of matrix B represents the direct and indirect requirements of output i necessary to

turn out one unit of final demand of good j %).

21 The formulas apply for a given country. Country indices are suppressed here.

22) The interested reader not familiar with the basic concepts of input-output analysis is referred to Miller - Blair (1985) or

any other standard textbook of input-output economics.
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R&D embodied in domestic intermediate inputs of industy j is given by

d - *
TINT® = > rb X,

i=Lix]

Instead of the traditional "final-demand-to-output" multipliers (i.e. the elements of the
standard Leontief inverse introduced above) "output-to-output" multipliers are used (for a
detailed exposition of this type of multipliers see Miller — Blair, 1985). A characteristic
element bIJ of the "output-to-output' multiplier matrix B™ is algebraically derived by
dividing the columns of the Leontief inverse by its respective diagonal element. The
application of output-to-output multipliers instead of the traditional Leontief multipliers

avoids double-counting that part of the R&D content of industry j which is already
included in Ry, the direct expenditure on R&D by industry .
R&D embodied in domestic investment goods purchased by industy j is defined by
TINV/ =Zri(2b,hl;j}j ,
i=1 h=1
by, ... an element of the usual Leontief inverse B, I ... demand of industy j for the
domestic investment good h.
R&D embodied in imported intermediate inputs of industy | is given by
I n
Tl Nij = zzrikaik Xi;n ;
k=1 i=1
l. ... R&D intensity of industry i in the exporting country k (k=1,...,1), a, ... import

share of country Kk in total imports of commodity i , i.e.,

m,

- M
> m,
k=1

iy



— 42 —

Thus, the "import proportionality" assumption is made. Finally, X" is intermediate demand

1

of industry j for the imported intermediate input i .

R&D embodied in imported investment goods purchased by industy j is defined by

| n
TINVszzzrikaikli;ﬂ ’

k=1i=1

Ii" ... demand of industry j for the imported investment good i .

The computation of R&D embodied in imported goods — in contrast to domestic goods —
captures only first-round effects. To capture total effects, a linked international input-
output model would be required. Consequently, the volume of imported technology is

underestimated in both the present study as well as the OECD study.
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Appendix B: Data Sources

The OECD study by Papaconstantinou — Sakurai — Wyckoff (1996) is exclusively based on
the OECD STAN family of databases: the Structural Analysis (STAN) Database proper, the
Analytical Database for Business Enterprise R&D (ANBERD), the OECD Input-Output
Database and the Bilateral Trade Database. Since Austria is not covered by either the
ANBERD or the Input-Output database, this study had to draw on complementary national
sources not harmonized by the OECD.

R&D Expenditure

Business enterprise expenditure on R&D (BERD) was taken from the OECD Analytical
Database for Business Enterprise R&D (ANBERD) database (see OECD, 1997A). At
present, 10 OECD countries are covered by ANBERD: Australia, Canada, Denmark,
Finland, France, Germany, ltaly, Japan, the Netherlands, the UK and the US. Austria is
currently not included in ANBERD. For this reason, official BERD (OFFBERD) data as
reported to the OECD by the Austrian Central Statistical Office had to be used for Austria
(see OECD, 1997B). While ANBERD provides (estimated) time series for a number of
International Standard Industrial Classification (ISIC, Rev. 2) sectors, official disaggregate
business enterprise R&D data for Austria are only available for 1975, 1984, 1989 and
1993. However, due to a massive break in the time series, census R&D data for 1995
published by the Austrian Central Statistical Office were used instead of the 1993
OFFBERD data.

Gross Output

Gross output data used to calculate sectoral R&D intensities are taken from the OECD
Structural Analysis (STAN) database. For 1994, gross output data were unavailable for
some STAN sectors in some of the countries. These aggregates were decomposed using
disaggregate information for the most recent year available. The same applies to the

Austrian data.
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Foreign Trade

The shares of the 10 OECD countries covered by ANBERD in Austrian imports are
calculated seperately on the basis of the OECD Bilateral Trade Database (BTD). The
remaining countries are grouped into two categories: the "Dynamic Asian Economies'
(DAE: China, Hong Kong, Malaysia, Singapore, South Korea, Taiwan, Thailand) and the
Rest of the World (ROW).

Input-Output Data
Input-Output tables for Austria are available for 1976, 1983, 1988 and 1994. For each
of these years the following four matrices were used in the computation of total R&D

content:

domestic intermediate goods (activity x activity),
imported intermediate goods (activity x activity),
domestic investment goods (activity x activity),
imported investment goods (activity x activity).

The matrices for 1976 and 1983 are based on data published by the Austrian Central
Statistical Office. The matrices for 1988 and 1994 are based on WIFO projections of
these official data. From the original commodity x activity tables, activity x activity tables
were derived on the basis of the industry-based technology assumption (see, e.g., Miller -
Blair, 1985, Chapter 5). This assumption "presumes that an industry has the same input
structure, regardless of its output product mix" (Miller - Blair, 1985, p. 166).

For Austria, input-output data (1976, 1983, 1988, 1994) are not available for the same
years as disaggregate business enterprise R&D statistics (1975, 1984, 1989, 1995) but
for adjacent years. As an approximation it was assumed that at the industry-level R&D
intensities remained unchanged for adjacent years (1975/1976, 1983/1984,
1988/1989, 1994/1995).
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Special Issues

Due to constraints imposed by the availability of data for Austria, the level of aggregation
is somewhat higher than that applied in the OECD study by Papaconstantinou — Sakurai —
Wyckoff (1996), which is based exclusively on the OECD STAN family of databases. While
the OECD study uses 36 ISIC (Rev. 2) sectors — of which 22 manufacturing industries
coincide with ANBERD — this study deals with 20 sectors of which 13 belong to

manufacturing.

In order to increase consistency with the Austrian data, the four-digit industry "Office and
computing machinery" (#3825 of ISIC, Rev. 2) was included in the three-digit industry
"Electrical machinery" (#383 of ISIC, Rev. 2) throughout. The "Other manufacturing"
sector was dropped due to a lack of R&D data.

Since adequate service sector R&D data are not available — like in Papaconstantinou —
Sakurai — Wyckoff (1996) — only direct R&D expenditures of the manufacturing sector (#3
of ISIC, Rev. 2) are used. However, the remaining seven industries outside manufacturing

are included as receivers (users) of technology originating in the manufacturing sector.
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Figure 3
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Table 1 Decomposition of the technology multiplier
Domestic Imported Domestic Imported  Technology
Country Year intermediates/intermediates/ investment/ investment/  multiplier
direct direct direct direct total/direct
Australia
1968 0.5 0.0 0.3 0.0 1.8
1974 0.8 0.0 0.5 0.0 2.3
1986 0.7 0.6 0.3 0.4 2.9
1989 0.7 0.5 0.2 0.3 2.7
Austria
1976 0.4 0.4 0.2 0.2 1.2
1983 0.3 0.3 0.1 0.2 0.9
1988 0.3 0.4 0.1 0.2 1.0
1994 0.4 0.5 0.2 0.2 1.2
Canada
1971 0.4 0.4 0.2 0.3 2.2
1976 0.5 0.6 0.2 0.3 2.6
1981 0.5 0.5 0.2 0.4 2.5
1986 0.4 0.7 0.2 0.4 2.6
1990 0.3 0.7 0.2 0.3 2.5
1993 0.3 0.6 0.2 0.2 2.3
Denmark
1972 0.3 0.4 0.1 0.2 2.1
1977 0.4 0.5 0.2 0.2 2.2
1980 0.3 0.5 0.2 0.2 2.2
1985 0.3 0.5 0.1 0.3 2.2
1990 0.3 0.4 0.1 0.2 2.0
1993 0.3 0.4 0.1 0.2 1.9
France
1972 0.3 0.2 0.2 0.0 1.7
1977 0.4 0.1 0.2 0.1 1.8
1980 0.3 0.5 0.2 0.2 2.2
1985 0.3 0.2 0.2 0.1 1.8
1990 0.3 0.2 0.2 0.1 1.8
1993 0.3 0.2 0.2 0.1 1.7
Germany
1978 0.4 0.1 0.2 0.0 1.7
1986 0.4 0.1 0.2 0.0 1.7
1988 0.4 0.1 0.2 0.1 1.8
1990 0.4 0.1 0.2 0.1 1.8
1993 0.4 0.1 0.2 0.1 1.7
ltaly
1985 0.4 0.4 0.2 0.2 2.2
1990 0.4 0.3 0.2 0.1 2.0
Japan
1975 0.6 0.1 0.3 0.0 2.0
1980 0.6 0.1 0.3 0.0 2.0
1985 0.6 0.0 0.3 0.0 1.9
1990 0.5 0.0 0.3 0.0 1.9
1993 0.6 0.0 0.3 0.0 1.9

Source: OECD, WIFO
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Table 1 (continued) Decomposition of the technology multiplier
Domestic Imported Domestic Imported  Technology
Country Year intermediates/intermediates/ investment/ investment/  multiplier
direct direct direct direct total/direct
Netherlands
1972 0.2 0.3 0.1 0.1 1.6
1977 0.2 0.3 0.1 0.1 1.7
1981 0.2 0.5 0.1 0.2 1.9
1986 0.2 0.4 0.1 0.2 1.9
1993 0.2 0.5 0.1 0.2 1.9
UK
1968 0.2 0.0 0.1 0.0 1.4
1979 0.3 0.1 0.1 0.1 1.6
1984 0.3 0.2 0.1 0.1 1.7
1990 0.3 0.3 0.1 0.2 1.8
1993 0.3 0.3 0.1 0.1 1.8
USA
1972 0.3 0.0 0.2 0.0 1.5
1977 0.4 0.0 0.2 0.0 1.7
1982 0.4 0.0 0.2 0.0 1.7
1985 0.3 0.0 0.2 0.0 1.6
1990 0.3 0.1 0.2 0.0 1.7
1993 0.4 0.1 0.2 0.0 1.7

Source: OECD, WIFO
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Figure 4

Total R&D content by industry and source
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Figure 4 (continued)

Total R&D content by industry and source
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R&D content of imported intermediate goods by country of origin
and sector of destination (1976,1983,1988,1995) in Million ATS
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Figure 7

R&D content of intermediate goods imported from Germany and
sector of destination in Million ATS
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Fugure 8

R&D content of imported intermediate goods by country of origin

and sector of destination (1976,1983,1988,1994) in Million ATS
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Table 2 Dependency of Austria's manufacturing industries on technology acquired through intermediate goods
Share of domestic Share of imported Share of
Industry Year intermediate goods intermediate goods intermediate goods
in AT in AT in AT
Food and tobacco 62.89 19.1 81.95
Textile and leather 36.20 49.7 85.91
Wood and furniture 52.50 21.7 74.16
Paper and printing 50.69 32.0 82.71
Chemicals 11.53 73.4 84.96
Stone, clay and glass 1976 52.38 20.2 72.56
Basic metal 41.62 44.0 85.63
Fabricated metal 61.45 27.1 88.52
Non-electrical machinery 46.56 43.4 89.96
Electrical machinery 16.00 77.3 93.28
Transport 19.69 77.4 97.09
Instruments 18.66 27.1 45.73
Food and tobacco 55.81 16.63 72.44
Textile and leather 30.74 49.24 79.98
Wood and furniture 45.29 25.98 71.26
Paper and printing 40.76 32.79 73.55
Chemicals 12.56 74.35 86.92
Stone, clay and glass 1983 42.67 23.22 65.89
Basic metal 31.30 46.09 77.38
Fabricated metal 44.69 39.44 84.13
Non-electrical machinery 37.80 52.64 90.44
Electrical machinery 9.93 81.57 91.50
Transport 15.77 76.73 92.49
Instruments 32.66 51.90 84.56
Food and tobacco 48.89 18.0 66.90
Textile and leather 29.03 46.7 75.70
Wood and furniture 38.60 26.2 64.80
Paper and printing 39.97 36.5 76.47
Chemicals 13.71 69.1 82.77
Stone, clay and glass 1988 33.20 25.4 58.62
Basic metal 28.35 42.2 70.56
Fabricated metal 34.84 42.3 7713
Non-electrical machinery 29.22 59.6 88.84
Electrical machinery 13.41 78.1 91.52
Transport 11.78 73.0 84.76
Instruments 34.68 42.0 76.65
Food and tobacco 54.19 21.42 75.61
Textile and leather 33.56 52.29 85.85
Wood and furniture 47.66 30.73 78.38
Paper and printing 50.26 35.41 85.68
Chemicals 17.30 72.42 89.72
Stone, clay and glass 1994 4415 28.68 72.83
Basic metal 35.37 49 .24 84.61
Fabricated metal 36.31 45.19 81.49
Non-electrical machinery 34.15 61.53 95.67
Electrical machinery 9.72 87.01 96.73
Transport 11.88 83.13 95.01
Instruments 38.51 47.76 86.27
Source: WIFO

AT: Acquired Technology
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Figure 9
R&D content of imported investment goods by country of origin
and sector of destination (1976,1983,1988,1994) in Million ATS
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Figure 10

R&D content of investment goods imported from Germany and
sector of destination in Million ATS
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Figure 11

R&D content of imported investment goods by country of origin
and sector of destination (1976,1983,1988,1994) in Million ATS
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Figure 11 (continued with change in scale)

R&D content of imported investment goods by country of origin
and sector of destination (1976,1983,1988,1994) in Million ATS
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Table 3 Dependency of Austria's manufacturing industries on investment-based technology acquisition
Share of domestic Share of imported Share of investment

Industry Year  investment goods investment goods goods

in AT in AT in AT
Food and tobacco 7.76 10.3 18.05
Textile and leather 3.36 10.7 14.09
Wood and furniture 9.82 16.0 25.84
Paper and printing 5.60 11.7 17.29
Chemicals 5.14 9.9 15.04
Stone, clay and glass 1976 10.05 17.4 27.44
Basic metal 9.01 5.4 14.37
Fabricated metal 4.37 7.1 11.48
Non-electrical machinery 3.45 6.6 10.04
Electrical machinery 1.46 5.3 6.72
Transport 1.81 1.1 2.91
Instruments 2.29 52.0 54.27
Food and tobacco 7.40 20.16 27.56
Textile and leather 5.89 14.13 20.02
Wood and furniture 10.29 18.45 28.74
Paper and printing 7.19 19.26 26.45
Chemicals 4.73 8.35 13.08
Stone, clay and glass 1983 17.27 16.84 34.11
Basic metal 12.18 10.44 22.62
Fabricated metal 6.37 9.49 15.87
Non-electrical machinery 3.76 5.80 9.56
Electrical machinery 2.35 6.15 8.50
Transport 2.55 4.95 7.51
Instruments 3.23 12.21 15.44
Food and tobacco 7.77 25.3 33.10
Textile and leather 6.43 17.9 24.30
Wood and furniture 11.77 23.4 35.20
Paper and printing 5.22 18.3 23.53
Chemicals 5.03 12.2 17.23
Stone, clay and glass 1988 18.69 22.7 41.38
Basic metal 14.69 14.8 29.44
Fabricated metal 8.27 14.6 22.87
Non-electrical machinery 3.90 7.3 11.16
Electrical machinery 1.87 6.6 8.48
Transport 4.38 10.9 15.24
Instruments 4.14 19.2 23.35
Food and tobacco 9.64 14.75 24.39
Textile and leather 5.82 8.33 14.15
Wood and furniture 10.51 11.11 21.62
Paper and printing 5.10 9.22 14.32
Chemicals 4.36 5.92 10.28
Stone, clay and glass 1994 17.00 10.17 27.17
Basic metal 10.21 5.18 15.39
Fabricated metal 9.88 8.63 18.51
Non-electrical machinery 2.25 2.08 4.33
Electrical machinery 1.24 2.03 3.27
Transport 2.29 2.70 4.99
Instruments 4.49 9.25 13.73

Source: WIFO

AT: Aquired Technology
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Table 4 Largest gain in technology intensity from acquired technology
Industry Year Intensity

Total Domestic Imported Largest Share of

source largest source

Transport 1.010 0.217 0.793 Germany 48.7
Instruments 0.965 0.202 0.763 Germany 53.6
Electrical machinery 1976 0.711 0.124 0.587 Germany 44.9
Non-electrical machinery 0.441 0.221 0.221 Germany 49.6
Fabricated metal 0.383 0.252 0.131 Germany 50.2
Transport 1.143 0.209 0.933 Germany 56.2
Instruments 0.654 0.235 0.419 Germany 48.7
Electrical machinery 1983 0.650 0.080 0.570 Germany 41.4
Fabricated metal 0.492 0.251 0.241 Germany 58.8
Non-electrical machinery 0.364 0.151 0.212 Germany 53.4
Transport 1.226 0.198 1.028 Germany 57.2
Instruments 0.711 0.276 0.435 Germany 47 .4
Electrical machinery 1988 0.623 0.095 0.528 Germany 45.5
Chemicals 0.493 0.092 0.400 Germany 51.0
Non-electrical machinery 0.423 0.140 0.283 Germany 52.4
Transport 2.213 0.314 1.899 Germany 53.9
Instruments 1.221 0.525 0.696 Germany 37.4
Electrical machinery 1994 1.020 0.112 0.908 Germany 40.2
Non-electrical machinery 0.836 0.304 0.531 Germany 455
Chemicals 0.611 0.132 0.479 Germany 48.9
Table 5 R&D performance and technology use
Performers Year Share 1 Users Year Share 2
Chemicals 25.8 Other services 22.5
Electrical machinery 16.9 Construction 9.7
Non-electrical machinery 1976 11.9 Electrical machinery 1976 8.3
Transport 8.1 Chemicals 7.7
Basic metal 2.9 Transport 6.8
Electrical machinery 34.7 Other services 24.5
Chemicals 19.2 Electrical machinery 8.4
Non-electrical machinery 1983 16.3 Construction 1983 8.0
Transport 11.0 Chemicals 7.6
Basic metal 2.9 Transport 7.2
Electrical machinery 40.0 Other services 28.3
Chemicals 18.9 Construction 8.2
Non-electrical machinery 1988 14.5 Chemicals 1988 8.0
Transport 11.9 Electrical machinery 7.9
Stone, clay and glass 2.0 Transport and storage 7.1
Electrical machinery 47.9 Other services 28.9
Chemicals 20.3 Transport and storage 10.2
Non-electrical machinery 1994 10.6 Transport 1994 9.8
Transport 7.9 Electrical machinery 9.2
Fabricated Metal 4.9 Construction 7.9

Source: WIFO

Performers include manufacturing sectors only

Share 1: Share in total manufacturing R&D
Share 2: Share in total acquired tachnology
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Shares of acquired technology from source clusters in %, 1976

Industry

Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication  Total
Primary sector 1.27 1.49 0.15 2.67 1.49 7.07
Agriculture, forestry and fishing 0.96 0.96 0.14 2.21 0.86 5.13
Mining 0.32 0.52 0.00 0.46 0.63 1.93
Manufacturing sector 12.09 7.05 0.58 23.08 5.39 48.20
Food and tobacco 0.34 0.39 0.1 2.19 0.62 3.64
Textile and leather 0.14 0.22 0.26 1.74 0.27 2.63
Wood and furniture 0.28 0.33 0.05 1.08 0.31 2.04
Paper and printing 0.41 0.14 0.02 0.99 0.30 1.87
Chemicals 0.45 0.47 0.05 6.00 0.80 7.76
Stone, clay and glass 0.32 0.17 0.01 1.00 0.34 1.85
Basic metal 0.44 0.18 0.01 2.17 0.49 3.29
Fabricted metal 0.87 0.31 0.02 2.74 0.58 4.53
Non-electrical machinery 1.38 0.39 0.01 1.96 0.57 4.31
Electrical machinery 6.08 0.22 0.01 1.68 0.33 8.33
Transport 1.06 3.85 0.02 1.30 0.54 6.77
Instruments 0.33 0.38 0.00 0.22 0.24 1.17
Service sector 11.92 9.09 0.55 17.81 2,37 44.73
Electricity, gas and water 1.62 0.95 0.02 1.16 0.89 4.63
Construction 2.47 1.40 0.03 4.74 1.14 9.78
Other services 5.17 4.44 0.46 9.77 2.77 22.61
Transport and storage 2.33 1.68 0.03 1.96 0.45 6.45
Communication 0.33 0.62 0.01 0.19 0.12 1.26
Total 25.29 17.63 1.28 43.56 12.24 100.00

Source: WIFO
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Table 7 Shares of acquired technology from source clusters in %, 1983

Industry Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication  Total

Primary sector 1.77 0.93 0.15 1.99 1.47 6.32
Agriculture, forestry and fishing 1.57 0.78 0.15 1.67 1.16 5.33
Mining 0.21 0.15 0.00 0.33 0.31 0.99
Manufacturing sector 14.34 6.83 0.53 18.12 7.74 47.56
Food and tobacco 0.63 0.54 0.11 1.68 0.95 3.90
Textile and leather 0.23 0.14 0.25 1.20 0.39 2.20
Wood and furniture 0.35 0.28 0.04 0.81 0.50 1.97
Paper and printing 0.76 0.16 0.02 0.94 0.64 2.51
Chemicals 0.60 0.30 0.04 5.78 0.85 7.57
Stone, clay and glass 0.43 0.23 0.01 0.78 0.37 1.82
Basic metal 0.66 0.16 0.01 1.60 0.60 3.04
Fabricted metal 0.90 0.31 0.02 1.55 0.98 3.75
Non-electrical machinery 1.80 0.54 0.01 1.35 1.01 4.71
Electrical machinery 6.57 0.22 0.01 1.17 0.44 8.41
Transport 1.16 3.93 0.02 1.10 0.96 7.7
Instruments 0.25 0.02 0.00 0.17 0.05 0.50
Service sector 14.49 10.09 0.58 13.92 7.05 46.12
Electricity, gas and water 2.82 0.82 0.01 0.76 0.64 5.05
Construction 2285 0.85 0.03 3.34 1.43 7.99
Other services 7.12 4.60 0.51 7.97 4.31 24.51
Transport and storage 1.23 2.70 0.03 1.72 0.59 6.26
Communication 0.97 1.13 0.00 0.14 0.06 2.31
Total 30.60 17.85 1.26 34.04 16.26 100.00
Source: WIFO
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Shares of acquired technology from source clusters in %, 1988

Industry

Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication  Total
Primary sector 1.37 0.61 0.07 1.36 1.19 4.60
Agriculture, forestry and fishing 1.20 0.50 0.07 1.11 0.99 3.87
Mining 0.17 0.11 0.00 0.25 0.20 0.74
Manufacturing sector 13.61 6.64 0.46 17.68 7.55 45.93
Food and tobacco 0.78 0.51 0.13 1.53 1.15 4.11
Textile and leather 0.22 0.13 0.16 1.15 0.42 2.08
Wood and furniture 0.46 0.26 0.03 0.87 0.59 2.21
Paper and printing 0.79 0.18 0.02 1.00 0.60 2.60
Chemicals 0.85 0.32 0.03 5.75 1.06 8.01
Stone, clay and glass 0.57 0.22 0.01 0.80 0.48 2.08
Basic metal 0.72 0.13 0.01 1.51 0.50 2.85
Fabricted metal 0.82 0.19 0.01 1.15 0.71 2.87
Non-electrical machinery 1.77 0.62 0.01 1.10 0.84 4.34
Electrical machinery 5.41 0.17 0.02 1.80 0.49 7.89
Transport 1.06 3.89 0.01 0.81 0.67 6.45
Instruments 0.16 0.02 0.00 0.20 0.05 0.43
Service sector 16.11 9.33 0.56 15.57 7.89 49.47
Electricity, gas and water 2.39 0.23 0.01 0.44 0.46 3.53
Construction 2.76 0.78 0.03 380 (P88 8.21
Other services 8.05 4.27 0.50 10.27 5.25 28.34
Transport and storage 1.32 3.54 0.03 1.46 0.79 7.13
Communication 1.59 0.51 0.00 0.10 0.06 2.26
Total 31.09 16.58 1.10 34.60 16.63 100.00

Source: WIFO
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Shares of acquired technology from source clusters in %, 1994

Industry

Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication  Total
Primary sector 1.21 0.24 0.06 0.83 0.65 3.00
Agriculture, forestry and fishing 1.01 0.18 0.06 0.64 0.52 2.41
Mining 0.20 0.06 0.00 0.19 0.13 0.59
Manufacturing sector 18.02 8.71 0.49 12.97 5.25 45.44
Food and tobacco 1.06 0.28 0.14 0.92 0.74 3.14
Textile and leather 0.24 0.05 0.11 0.68 0.18 1.26
Wood and furniture 0.59 0.13 0.04 0.65 0.38 1.79
Paper and printing 1.04 0.11 0.02 0.72 0.38 2.28
Chemicals 0.91 0.16 0.04 4.25 0.59 5.96
Stone, clay and glass 0.62 0.12 0.01 0.59 0.31 1.65
Basic metal 0.68 0.06 0.01 1.09 0.27 2.11
Fabricted metal 0.86 0.09 0.01 0.63 0.45 2.03
Non-electrical machinery 3.13 0.74 0.02 0.91 0.86 5.66
Electrical machinery 7.13 0.14 0.04 1.49 0.42 9.22
Transport 1.50 6.82 0.02 0.86 0.64 9.85
Instruments 0.26 0.01 0.01 0.18 0.04 0.50
Service sector 24.25 8.25 0.67 10.55 7.84 51.56
Electricity, gas and water 2.10 0.15 0.01 0.28 0.28 2.83
Construction 4.01 0.54 0.03 2.23 1.12 7.93
Other services 13.76 3.08 0.56 6.64 4.93 28.97
Transport and storage 8,33 4.08 0.06 1.32 1.47 10.25
Communication 1.04 0.40 0.01 0.08 0.04 1.58
Total 43.48 17.21 1.22 24.35 13.75 100.00

Source: WIFO




- 73 -

Table 10 Absolute changes in shares of acquired technology from source clusters

between 1976 and 1994

Industry Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication

Primary sector -0.06 -1.25 -0.08 -1.84 -0.84
Agriculture, forestry and fishing 0.05 -0.79 -0.08 -1.56 -0.34
Mining

Manufacturing sector 5.92 1.66 -0.10 -10.11 -0.14
Food and tobacco 0.72 -0.11 0.03 -1.27 0.12
Textile and leather 0.10 -0.17 -0.15 -1.06 -0.09
Wood and furniture 0.32 -0.19 -0.01 -0.43 0.07
Paper and printing 0.63 -0.03 0.00 -0.27 0.08
Chemicals 0.47 -0.31 -0.01 -1.75 -0.21
Stone, clay and glass 0.30 -0.05 0.00 -0.41 -0.04
Basic metal 0.24 -0.12 0.00 -1.08 -0.22
Fabricted metal -0.01 -0.22 -0.01 -2.12 -0.14
Non-electrical machinery 1.75 0.35 0.01 -1.05 0.30
Electrical machinery 1.04 -0.08 0.03 -0.19 0.08
Transport 0.45 2.96 0.01 -0.44 0.10
Instruments -0.07 -0.37 0.00 -0.04 -0.19
Service sector 12.33 -0.84 0.12 -7.26 2.48
Electricity, gas and water 0.48 -0.80 -0.01 -0.88 -0.61
Construction 1.54 -0.86 0.00 -2.51 -0.02
Other services 8.60 -1.36 0.09 -3.13 2.16
Transport and storage 1.00 2.39 0.03 -0.64 1.02
Communication 0.71 -0.21 0.00 -0.11 -0.08

Source: WIFO
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Table 11 Shares of acquired technology from source clusters in %, 1976

Industry Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication

Primary sector 5.04 8.44 11.63 6.13 12.13
Agriculture, forestry and fishing 3.79 5.46 11.29 5.06 7.02
Mining 1.25 2.97 0.34 1.07 5.11
Manufacturing sector 47.83 40.00 45.58 52.98 44.03
Food and tobacco 1.34 2.22 8.64 5.02 5.03
Textile and leather 0.56 1.24 20.27 4.00 2.19
Wood and furniture 1.09 1.84 3.99 2.49 2.49
Paper and printing 1.62 0.81 1.88 2.28 2.45
Chemicals 1.77 2.66 3.82 13.77 6.53
Stone, clay and glass 1.28 0.97 0.68 2.31 2.82
Basic metal 1.73 1.01 1.13 4.97 4.01
Fabricted metal 3.45 1.77 1.47 6.30 4.77
Non-electrical machinery 5.47 2.19 1.04 4.50 4.63
Electrical machinery 24.06 1.26 0.95 3.85 2.73
Transport 4.18 21.86 1.45 2.99 4.42
Instruments 1.29 2.17 0.25 0.50 1.95
Service sector 47.13 51.56 42.79 40.89 43.84
Electricity, gas and water 6.40 587 1.22 2.67 7.29
Construction 9.77 7.95 2.53 10.87 9.29
Other services 20.43 25.21 36.37 22.42 22.62
Transport and storage 9.22 9.54 2.23 4.50 3.66
Communication 1.31 3.49 0.44 0.44 0.99
Total 100.00 100.00 100.00 100.00 100.00
Source: WIFO
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Table 12 Shares of acquired technology from source clusters in %, 1983

Industry Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication

Primary sector 5.80 5.22 11.77 5.85 9.05
Agriculture, forestry and fishing 5.12 4.39 11.54 4.89 7.15
Mining 0.67 0.83 0.23 0.96 1.90
Manufacturing sector 46.86 38.26 42.22 53.23 47.61
Food and tobacco 2.06 3.02 8.47 4.92 5.82
Textile and leather 0.74 0.78 19.82 3.52 2.40
Wood and furniture 1.13 1.56 3.41 2.38 3.05
Paper and printing 2.47 0.90 1.43 2.76 3.91
Chemicals 1.95 1.67 3.26 16.98 5.25
Stone, clay and glass 1.42 1.31 0.52 2.29 2.27
Basic metal 2.16 0.91 0.87 4.70 3.72
Fabricted metal 2.93 1.72 1.22 4.55 6.05
Non-electrical machinery 5.88 3.03 0.95 3.96 6.23
Electrical machinery 21.47 1.21 0.78 3.44 2.70
Transport 3.80 22.01 1.37 3.24 5.89
Instruments 0.83 0.13 0.13 0.50 0.32
Service sector 47.34 56.52 46.01 40.91 43.33
Electricity, gas and water 9.21 4.57 0.81 2.23 3.97
Construction 7.68 4.74 2.09 9.80 8.81
Other services 23.26 25.77 40.78 23.42 26.52
Transport and storage 4.01 15.10 2.01 5.06 3.66
Communication 3.18 6.33 0.32 0.41 0.38
Total 100.00 100.00 100.00 100.00 100.00
Source: WIFO
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Table 13 Shares of acquired technology from source clusters in %, 1988

Industry Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication

Primary sector 4.42 3.66 6.73 3.92 7.17
Agriculture, forestry and fishing 3.86 3.03 6.54 3.19 5.94
Mining 0.56 0.63 0.19 0.73 1.23
Manufacturing sector 43.76 40.04 41.80 51.08 45.42
Food and tobacco 2.52 3.10 11.98 4.44 6.92
Textile and leather 0.72 0.78 14.85 3.32 2.51
Wood and furniture 1.49 1.57 3.02 2.50 3.54
Paper and printing 2.54 1.1 1.78 2.90 3.64
Chemicals 2.74 1.92 3.07 16.61 6.35
Stone, clay and glass 1.82 1.30 0.75 2.32 2.91
Basic metal 2.31 0.76 0.70 4.36 2.99
Fabricted metal 2.64 1.12 1.00 3.33 4.25
Non-electrical machinery 5.69 3.74 1.02 3.18 5.05
Electrical machinery 17.38 1.03 2.13 5.20 2.96
Transport 3.41 23.50 1.20 2.35 4.01
Instruments 0.51 0.12 0.29 0.58 0.29
Service sector 51.82 56.30 51.47 45.00 47 .42
Electricity, gas and water 7.70 1.40 0.70 1.26 2.79
Construction 8.89 4.73 2.32 9.54 8.01
Other services 25.89 25.75 45.48 29.69 31.54
Transport and storage 4.24 21.36 2.62 4.22 4.73
Communication 511 3.07 0.34 0.28 0.34
Total 100.00 100.00 100.00 100.00 100.00
Source: WIFO
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Table 14 Shares of acquired technology from source clusters in %, 1994

Industry Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication

Primary sector 2.79 1.40 5.31 3.40 4.72
Agriculture, forestry and fishing 2.33 1.08 5.05 2.63 3.76
Mining 0.46 0.37 0.26 0.77 0.96
Manufacturing sector 41.44 50.63 40.03 53.27 38.21
Food and tobacco 2.43 1.64 11.82 3.79 5.37
Textile and leather 0.54 0.29 9.27 2.80 1.29
Wood and furniture 1.36 0.76 3.27 2.67 2.73
Paper and printing 2.39 0.65 2.01 2.97 2.75
Chemicals 2.10 0.95 3.21 17.45 4.32
Stone, clay and glass 1.43 0.67 0.93 2.44 2.22
Basic metal 1.56 0.36 0.79 4.46 1.99
Fabricted metal 1.98 0.51 0.96 2.58 3.25
Non-electrical machinery 7.19 4.30 1.60 3.73 6.28
Electrical machinery 16.39 0.81 3.69 6.11 3.02
Transport 3.45 39.62 2.01 3.55 4.67
Instruments 0.60 0.07 0.47 0.73 0.31
Service sector 55.77 47.96 54.67 43.33 57.07
Electricity, gas and water 4.83 0.88 0.80 1.17 2.05
Construction 9.23 3.15 2.86 9.14 8.14
Other services 31.66 17.91 45.62 27.26 35.85
Transport and storage 7.66 23.68 4.74 5.41 10.71
Communication 2.39 2.34 0.64 0.34 0.32
Total 100.00 100.00 100.00 100.00 100.00
Source: WIFO
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Table 15 Absolute changes in shares of acquired technology from source clusters

between 1976 and 1994

Industry Source cluster

Information  Transportation Consumer goods ~ Materials  Fabrication

Primary sector -2.25 -7.03 -6.32 -2.73 -7.42
Agriculture, forestry and fishing -1.46 -4.43 -6.24 -2.43 -3.26
Mining

Manufacturing sector -6.39 10.64 -5.55 0.29 -5.81
Food and tobacco 1.09 -0.58 3.17 -1.23 0.34
Textile and leather -0.01 -0.95 -11.00 -1.20 -0.90
Wood and furniture 0.27 -1.09 -0.71 0.18 0.24
Paper and printing 0.77 -0.16 0.12 0.69 0.30
Chemicals 0.34 -1.71 -0.61 3.69 -2.21
Stone, clay and glass 0.15 -0.29 0.25 0.13 -0.59
Basic metal -0.17 -0.65 -0.34 -0.51 -2.03
Fabricted metal -1.47 -1.26 -0.51 -3.72 -1.52
Non-electrical machinery 1.73 2.11 0.56 -0.77 1.65
Electrical machinery -7.67 -0.44 2.74 2.25 0.29
Transport -0.72 17.76 0.57 0.56 0.25
Instruments -0.70 -2.10 0.22 0.22 -1.63
Service sector 8.64 -3.60 11.87 2.44 13.23
Electricity, gas and water -1.57 -4.49 -0.42 -1.50 -5.24
Construction -0.54 -4.80 0.34 =175 -1.15
Other services 11.23 -7.30 9.25 4.85 13.23
Transport and storage -1.57 14.14 2.50 0.92 7.05
Communication 1.08 -1.15 0.20 -0.10 -0.66

Source: WIFO
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Figure 13

Technology source: Information cluster. Acquired technology
by user industry (1976,1983,1988,1994) in Million ATS
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Figure 14

Technology source: Transportation cluster. Acquired technology

by user industry (1976,1984,1983,1994) in Million ATS
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Figure 15

Technology source: Consumer goods cluster. Acquired
technology by user industry (1976,1983,1988,1994) in Million

ATS
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user industry (1976,1983,1988,1994) in Million ATS

Technology source: Materials cluster. Acquired technology by
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Figure 17

Technology source: Fabrication cluster. Aquired technology by

user industry (1976,1983,1988,1994) in Million ATS
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