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m TECHNOLOGY FLOWS IN THE

AUSTRIAN ECONOMY

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 intermediate 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 demonstrates Austria’s evolution towards a
knowledge-based economy.

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

MOTIVATION AND GOALS OF THE STUDY

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 eco-
nomic 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 from
the R&D efforts performed at a particular “location”. Consequently, in many analyt-
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ical applications, measures of direct R&D are inadequate.
One area where this deficiency becomes evident is empir-
ical research on the relationship between R&D and pro-
ductivity growth (Hutschenreiter, 1995, 1998).

Although statistics on direct business enterprise expendi-
ture on R&D are provided on a fairly regular basis, meas-
ures of total R&D content (synonymously we will use the
term technology content) of an industry’s or country’s out-
put are not readily available. At the OECD (Papaconstan-
tinou — Sakurai — Wyckoff, 1996), efforts were made to
quantify the total technology content of output flows by
complementing direct R&D expenditure with R&D embod-
ied 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, 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 aftempted 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 context. On the one hand, the in-
ternational dimension of knowledge and technology diffu-
sion is of particular importance for small countries. Analo-
gous to foreign trade, the relative importance of trans-
border “knowledge” or “technology” transactions can be
expected to be a decreasing function of country size. On
the other hand — as emphasised in the literature on catch-
ing up and convergence? — this is specially true for coun-
tries lagging 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 per-
formance paradox”: rather unfavourable evidence regard-
ing R&D inputs and various structural aspects of the Aus-
trian economy is in contrast with a favourable macroeco-
nomic performance. In spite of low levels of investment in
R&D (Marin, 1995), Austria’s long-run economic perform-
ance in ferms of growth of per-capita income and produc-
tivity has been remarkable — both when compared fo its

! Total R&D content and innovation expenditure (see the confribution of
Hannes Leo in this issue) are both designed to complement (direct) R&D
expenditure with additional components. While total R&D content is con-
structed on the basis of R&D data, innovation expenditure also includes
non-R&D cost elements.

2 For a survey see Fagerberg (1994).

own development between the two world wars, and to that
of other European countries (Butschek, 1999). This fa-
vourable long-term development was attributed, among
others, to the successful adoption of imported technology
(Steindl, 1977). One explanation refers — in the terminol-
ogy of this study — to a supposedly higher total R&D in-
tensity, in particular due to imports of investment goods
(Austria’s long-term share of capital formation in GDP is
relatively high).

The measurement of research and development “embod-
ied” in intermediate and investment goods (“indirect”
R&D) is interesting in its own right. Today, descriptive
measures of “embodied technology flows” are frequently
used to complement the traditional science and technol-
ogy 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 de-
velopment are econometric analyses of the relationship
between R&D and productivity growth. Sakurai — loan-
nides — Papaconstantinou (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 intermedi-
ate and investment goods on total factor productivity
growth. These data are also used by loannides — Schreyer

(1997).

RECENT DEVELOPMENTS IN ECONOMIC
THEORY

Modern economies are increasingly linked through inter-
national trade, foreign direct investment, migration and
knowledge flows. The adoption of knowledge or innova-
tions generated abroad is essential for the growth per-
formance, in particular of small countries. Based on some

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.

recent developments, during the last decade economic
theory has shown new inferest in examining the role of
knowledge dissemination in the long-term growth of na-
tions. Since the early 1990s, endogenous growth models
— based on a marriage of the theories of growth and in-
ternational trade — have been applied to examine the fac-
tors of long-term growth in the context of open economies.
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Method of computation

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 pur-
chased by the industry, TINV? ... R&D embodied in do-
mestic 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 “in-
direct” research and development.

The direct R&D intensity of an industry is defined as its di-
rect R&D expenditure per unit of gross output, i.e.,

7= =t i=1,...,n).

As usual, the Leontief inverse is defined by
B= (I - A,

| ... identity matrix, A?. . . matrix of domestic input coef-
ficients. A characteristic element b;; of matrix B repre-
sents the direct and indirect requirements of output i nec-
essary to turn out one unit of final demand of good j.

R&D embodied in domestic intermediate inputs of indus-
try j is given by

TNT = 5 rbix,

Instead of the traditional “final-demand-to-output” mul-
tipliers (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 b} of
the “output-to-output” multiplier matrix B* is algebra-
ically derived by dividing the columns of the Leontief in-
verse 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
R, the direct expenditure on R&D by industry j.

R&D embodied in domestic investment goods purchased
by industry is defined by

TINV? =2 ( > by Iﬂj)l
i=1 h=1

b, . . . an element of the usual Leontief inverse B, I¢; . ..
demand of industry j for the domestic investment good h.

R&D embodied in imported intermediate inputs of indus-
try j is given by

| n
TINij = 2 2 I ay XW/
k=1i=1
I - - - R&D intensity of industry i in the exporting country
k(k=1,...1),a,...importshare of country kin total
imports of commodity i, i.e.,

my

B = =
k;mk

Thus, the “import proportionality” assumption is made.
Finally, X™ is intermediate demand of industry j for the
imported intermediate input i.

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

| n
TINVM= 5 > raln,
k=1i=1
Im. .. 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 in-
put-output model would be required. Consequently, the
volume of imported technology is underestimated in both
the present study as well as the OECD study.

' 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.

Traditional international trade theory has been concerned
with “gains from trade” due to specialisation. 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 rec-
ognised as an additional source of welfare gains (Help-

man — Krugman, 1985). Finally, endogenous growth the-
ory also deals with dynamic increasing returns and learn-
ing mechanisms (survey by Grossman — Helpman, 1995).
This led to new insights regarding the role of international
linkages (including knowledge flows) as additional “pro-
ductivity transmission channels” (Heloman, 1997).
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Endogenous growth theory® provides a suitable analytical
framework to assess the economic impact of international
knowledge flows. “R&D-based” endogenous growth mod-
els — such as Romer (1990) or Grossman — Helpman
(1991) — identify innovation (in particular, the accumu-
lation and diffusion of knowledge) as the driving force of
long-term economic growth. Several hypotheses with re-
spect to the impact of international technology diffusion
on productivity growth can be derived from these models:

* Access to a larger pool of knowledge increases the pro-
ductivity of R&D activities in the countries involved, thus
enhancing future productivity growth. Thus, in addition
to the traditionally recognised channels of technology
diffusion (international trade, foreign direct investment,
etc.), a country’s productivity growth is positively corre-
lated to the degree of its openness to flows of informa-
tion and fo its capability to absorb and utilise knowl-
edge produced abroad. In this process, domestic R&D
may be instrumental o maintain absorptive capacities
(Hutschenreiter — Kaniovski — Kryazhimskii, 1995, Bori-
sov — Hutschenreiter — Kryazhimskii, 1999).

* In an open economy, international trade provides op-
portunities to use input goods developed abroad that
qualitatively differ from domestic input goods, and thus
to increase productivity.

* Both international trade and foreign direct investment
provide opportunities for cross-border learning about
products, production processes, market conditions, etc.

THE STRUCTURE OF TOTAL R&D CONTENT

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

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 Papaconstan-
tinou — Sakurai — Wyckoff (1996) in order to provide op-
portunities for international comparisons (on the proce-
dure of computation see Box “Method of computation”).

3 See surveys by Aghion — Howitt (1998), Barro — Sala-i-Martin (1995),
Klenow — Rodriguez-Clare (1997).

Basically, this approach rests on the following assump-
tions:

* Direct R&D expenditure is a proxy for technology em-
bodied in products.

* Intersectoral input flows, as captured by the input-out-
put tables, are the carriers of technology flows across
industries and economies.

* The “import proportionality” assumption asserts that the
imports of a certain input good are distributed propor-
tionally across all receiving industries. The share of the
country of origin in fotal imports of the respective prod-
uct is applied to all receiving industries.

Due to the restrictions imposed by a lack of data for Aus-
tria, some adaptations had to be made in the implementa-
tion. In particular, this concerns the level of aggregation
(see Box “Data Sources”). Due to absence of R&D data 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 manufactur-
ing sector only. Consequently, the total R&D content is un-
derestimated by neglecting both the direct expenditures on
R&D of the service sector and the technology content of
service inputs.

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 infermediate and investment goods originat-
ing in the manufacturing sector and absorbed by all sec-
tors (including the service sector). In Austria, direct expen-
ditures on R&D of the manufacturing sector (the conven-
tional R&D measure) amounts to nearly half of the total
R&D content of the aggregate output of all sectors. In
1994, 45.2 percent of the total R&D content were ac-
counted for by direct R&D and 54.8 percent by R&D em-
bodied in domestic and imported intermediate and invest-
ment goods. The most important component of indirect re-
search and development is R&D embodied in imported
and domestic intermediate goods (23.2 percent and
16.4 percent, respectively). The shares of imported and
domestic investment goods are significantly lower
(8.3 percent and 6.8 percent, respectively). The increase
in the share of imported technology is due to the growth of
R&D embodied in imported intermediate goods. In con-
trast, the share of direct R&D does not follow a clear trend:
it increased to more than 50 percent between 1976 and
1983, and dropped again to the level of the mid-1970s
between 1988 and 1994 (45.6 percent)*.

“The data for 1994 are not strictly comparable to those for previous
years, however.
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Data Sources

The OECD study by Papaconstantinou — Sakurai — Wyck-
off (1996) is exclusively based on the OECD STAN fam-
ily 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 cov-
ered by either the ANBERD or the Input-Output data-
base, this study had to draw on complementary national
sources not harmonised by the OECD.

R&D expenditure

Business enterprise expenditure on R&D (BERD) was tak-
en from the OECD Analytical Database for Business En-
terprise R&D (ANBERD) database (see OECD, 1997A).
At present, 10 OECD countries are covered by ANBERD:
Australia, Canada, Denmark, Finland, France, Ger-
many, ltaly, Japan, the Netherlands, the U.K. and the
USA. 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 in-
tensities are taken from the OECD Structural Analysis
(STAN) database. For 1994, gross output data were un-
available for some STAN sectors in some of the coun-
tries. These aggregates were decomposed using disag-
gregate information for the most recent year available.
The same applies to the Austrian data.

Foreign trade

The shares of the 10 OECD countries covered by
ANBERD in Austrian imports are calculated separately on
the basis of the OECD Bilateral Trade Database (BTD).
The remaining countries are grouped into two catego-
ries: the “Dynamic Asian Economies” (DAE: Ching,
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 fol-
lowing four matrices were used in the computation of to-
tal R&D content:

* domestic infermediate goods (activity X activity),
* imported intfermediate 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 projec-
tions 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).

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

1976, 1983/1984, 1988/1989, 1994/1995).

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 manu-
facturing industries coincide with ANBERD — this study
deals with 20 sectors of which 13 belong to manufactur-

ing.

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 drop-
ped due to a lack of R&D data.

Since adequate service sector R&D data are not avail-
able — like in Papaconstantinou — Sakurai — Wyckoff
(1996) — only direct R&D expenditures of the manufac-
turing sector (#3 of ISIC, Rev. 2) are used. However, the
remaining seven industries outside manufacturing are in-
cluded as receivers (users) of technology originating in
the manufacturing sector.
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TOTAL R&D INTENSITY IN AN

Figure 1: Total R&D content of output
INTERNATIONAL COMPARISON
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total R&D content to gross output of the manufacturing
sector) is, for many purposes, a more meaningful mea-

h g sure of the technology level of a nation’s (or industry’s)
‘ ; ; i production than direct R&D intensity. In particular in
2 : § small and lagging countries, it is likely to be consid-
1 § \ erably higher than direct R&D intensity. Consequently,
25 \ \ international comparisons based solely on direct R&D in-
; \ \ tensities are likely to understate the technology level of
0. NN R N such countries.
1976 1983 1988 1994 In the 1970s and 1980s, Austria experienced a dynamic
Ni Direct R&D ~ Domestic intermediate goods process of catching up in terms of total technology in-
® Domestic investment goods = Imported intermediate goods tensity (Figure 2). The latter has more than doubled be-
# Imported investment goods tween 1976 and 1988, increasing at a higher rate than
WO, that of any other country in the sample, thus approaching

that of Canada. This process was mainly driven by a surge

Figure 2: Total technology intensities

Total R&D content as a percentage of gross output of the manufacturing sector

6 -
5:
4
| : : D “ R |
: s ﬁg‘f
| oo ' el BB §
3 ‘ ! | 3 B s B P
| ; 7 T % | 2 I -
o Z 77 o N } -~ g s W
72 22 72 SN0 . TY¥%&Y¥ .}
‘ 2 7 g i g % 3 L ‘Q o B % N \‘\\\\ \\\1
T B Y (Y /3% YYXQ}VQ
28 G 2 - 2w N U8R =¥ ¥ YR
& * T 282 CsYfY2YY SRR
Ul o H P E NSRS A REYNSNYYE SRR
S 7~ B N T ; RN \ NN N N =
NG NN NN NN
T &2 8 8 ¥ s R R R g RERYEaywn
¥ ¥ P ¥ e D PR DR BRSNS
N R R RN NN IR R NN NN
% % N T AT ¥ ¥ ¥ ¥ ¥f¥ysyRedoeyn
NRERNRRNRNRNNNNNENERERNRNRNNRRNENRNR
OLN &‘%‘:\\ N R &\\‘&&&b\&%l\”%‘:&\\\\‘%“&k
©w W W W T — O N O ™~ o w O NN O ©™N v o O ™~ o
8 2 & &8 2 8 2 & 2 & 3 & & s & 2 & & §& & 8
:
z Z

& Direct R&D T Domestic intermediate goods % Domestic investment goods = Imported intermediate goods Z Imported investment goods

Source: OECD, WIFO.

186 AUSTRIAN ECONOMIC QUARTERLY, 3/1999 WIFO



TECHNOLOGY FLOWS =

Figure 3: Acquired R&D by user sector
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in direct R&D investment and, to a lesser extent, by em-
bodied technology imports.

However, this process of catching up started from a rela-
tively low initial level. In spite of an above-average in-
crease, 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 inten-
sity. 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 expendi-
ture varies considerably across countries (Papaconstanti-
nou — Sakurai — Wyckoff, 1996). “Acquired technology”
(“indirect research and development”) is defined as the
R&D content of intermediate and investment goods, irre-

Table 1: Sector classification

Sectors Industries

Primary Sector Agriculture and forestry, mining

Light manufacturing Food and tobacco, textiles and leather, wood and furniture

Paper and printing, chemicals, stone, clay and glass, basic
metal

Heavy manufacturing

Machinery Fabricated metal, non-electrical machinery, electrical
machinery, transport, instruments

Utilities and construction Electricity, gas and water, construction

Other services Transport and storage, communication and other services

spective 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 USA
and France, where the ratio of “indirect research and de-
velopment” 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 USA, the inverse
relation (3:2) holds. In Australia, a largely resource-
based economy, the ratio of acquired R&D to direct ex-
penditure on R&D is as high as 2 : 1. In this spectre, Aus-
tria holds a middle ground with a ratio in the close to
1:1. To a considerable extent, the differences observed
across countries are due to the varying shares of R&D em-
bodied in imports, i.e., on the weight of international tech-
nology diffusion through intermediate and investment
goods.

As expected for a small open economy, the ratio of R&D
embodied in imporfed intermediate 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 com-
puted 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 in-
termediate 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. There is no evidence
for Austria realising gains from imported tech-
nology in excess to those of comparable
countries.

The figures presented show that Austria participates more
in international technology diffusion than large countries.
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However, they do not provide evidence for a particularly
strong “leverage effect” exerted by imported technology
putting Austria to a special advantage vis-a-vis compara-
ble 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.

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 (Figure 3). In 1976, the service sector (other
services, excluding utilities and construction) received
35 percent of total indirect research and development?,
while manufacturing still was by far the most important
destination of embodied technology flows: light manufac-
turing, heavy manufacturing and machinery together ac-
counted for 48 percent of total acquired technology. This
pattern has undergone significant change: by 1994, the
service sector share went up to 44 percent and thus was
almost at a par with the manufacturing sector. As ex-
pected, the share of the primary sector diminished contin-
vously, while the share of utilities and construction was
stable for a decade.

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 ac-
quired 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:

* The R&D content of imported intermediates increased
dramatically between 1976 and 1994. The R&D con-
tent of imported investment goods has also grown rap-
idly, though at a slower pace.

* In the Austrian economy, Germany plays an outstand-
ing 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.

* The machinery sector is by far the most important recip-
ient of technology embodied in imported intermediate

5 For the sector classification see Table 1.

Figure 4: R&D content of intermediate goods imported from
Germany by user sector
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goods. In contrast, the service sector (other services) is
by far the most important destination of technology em-
bodied in investment goods.

The R&D content of intermediate goods from Germany
has increased from ATS 632 million in 1976 to ATS 3,840
million in 1994¢ (Figure 4). This is due to the combined ef-
fect of a deepening international division of labour and
rising R&D infensities in German manufacturing.

After Germany (and the “other OECD” group of coun-
tries), the USA (8.3 percent) is the second most important
supplier of technology to Austria, followed by Japan
(6.7 percent) and France (6.2 percent). 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 USA as a
source country may be surprising at first. However, it re-
flects both the structure of exports from the USA to Austria
and the high R&D intensity of manufacturing in the USA.
The indirect R&D imports through intermediate goods
from ltaly, the Netherlands and the U.K. are modest, be-
ing in the range between ATS 250 and 280 million
(1994), respectively. This corresponds to shares of these

¢ For a comparison: the GDP at 1976 prices (1976 = 100, 1994 = 198)
has just approximately doubled between 1976 and 1994.
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Figure 5: R&D content of investment goods imported from
Germany by user sector
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countries in the R&D content of imported intermediate
goods between 3.0 and 3.3 percent. The shares of the re-
maining countries are negligible.

Germany dominates Austria’s embodied tech-
nology imports — in particular through invest-
ment goods — to an even greater extent than
its manufacturing imports. The USA is the
second most important partner country in this
respect (apart from the “other OECD” group
of countries).

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 5). Thus, it is not only much lower in absolute
terms than that of intfermediate goods but its growth has
been less pronounced. Germany (and the aggregate
“other OECD”) is again followed by the USA (8.1 percent)
as the second most important supplier, Japan (7.5 per-
cent) and France (6.6 percent). 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 in-
vestment goods from ltaly, the U.K. 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 percent.

Figure 6: Imports of manufactures and imported technology
1994
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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), Ja-
pan and the USA have shown particularly rapid growth in
the two decades under examination. This is true for both
intermediate and investment goods.

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 impor-
tance 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 per-
cent, its share in research and development embodied in
imported intermediate goods amounts to 45.8 percent
(1994). For investment goods, this difference is even more
pronounced: Germany supplies 51.1 percent 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 re-
search and development embodied in imported intermedi-
ate and investment goods is provided in Figure 6. Just as
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Table 2: Largest gain in technology intensity from acquired
technology (Top )

Intensity
Total Domestic  Imported Largest  Percentage
source share of
largest
source
1976
Transport 1.010 0.217 0.793 Germany 48.7
Instruments 0.965 0.202 0.763 Germany 53.6
Electrical machinery 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
1983
Transport 1.143 0.209 0.933 Germany 56.2
Instruments 0.654 0.235 0.419 Germany 48.7
Electrical machinery 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
1988
Transport 1.226 0.198 1.028 Germany 57.2
Instruments 0.711 0.276 0.435 Germany 47 .4
Electrical machinery 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
1994
Transport 2.213 0.314 1.899 Germany 53.9
Instruments 1.221 0.525 0.696 Germany 37.4
Electrical machinery 1.020 0.112 0.908 Germany 40.2
Non-electrical machinery 0.836 0.304 0.531 Germany 45.5
Chemicals 0.611 0.132 0.479 Germany 48.9
Source: WIFO.

in the case of Germany, the shares of the USA, Japan and,
to a lesser extent, France in the R&D content of imported
infermediate and investment goods significantly exceed
their respective weight in Austria’s imports of manufactur-
ing 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 contribu-
tion 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 ex-
amined.

For the five industries with the largest contribution of in-
direct research and development to total technology in-
tensity, Germany appears as the principal source of re-
search and development acquired from abroad in the four
years under examination (Table 2), although it’s share de-
creased (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) re-
port that the USA is the principal source of embodied tech-

Table 3: R&D performance and technology use

Performers Percentage shares Users Percentage shares
(manufacturing) in total manu- in total acquired
facturing R&D technology

1976 1976

Chemicals 25.8 Other services 22.5
Electrical machinery 16.9 Construction 9.7
Non-electrical machinery 11.9 Electrical machinery 8.3
Transport 8.1 Chemicals 7.7
Basic metal 2.9 Transport 6.8
1983 1983

Electrical machinery 34.7 Other services 24.5
Chemicals 19.2 Electrical machinery 8.4
Non-electrical machinery 16.3 Construction 8.0
Transport 11.0 Chemicals 7.6
Basic metal 2.9 Transport 7.2
1988 1988

Electrical machinery 40.0 Other services 28.3
Chemicals 18.9 Construction 8.2
Non-electrical machinery 14.5 Chemicals 8.0
Transport 11.9 Electrical machinery 7.9
Stone, clay and glass 2.0 Transport and storage 7.1
1994 1994

Electrical machinery 47.9 Other services 28.9
Chemicals 20.3 Transport and storage 10.2
Non-electrical machinery 10.6 Transport 9.8
Transport 7.9 Electrical machinery 9.2
Fabricated Metal 4.9 Construction 7.9

Source: Austrian Central Statistical Office, WIFO.

nology 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 offen dominated by a single
country (multiple entry of a source country). Taking a view
across countries, the USA appears most frequently as the
principal source of technology imports.

PERFORMANCE AND ACQUISITION OF
RESEARCH AND DEVELOPMENT

Industries performing a high degree of research and de-
velopment 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 ex-
penditure on R&D, its acquisition of embodied technology
— via the structure of inter-industry intermediate and cap-
ital flows — depends on (domestic and foreign) down-
stream industry R&D infensities.

Table 3 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.

In 1994, “electrical machinery” was by far the most impor-
tant R&D performing industry in Austria. This industry ac-
counted for almost half (47.9 percent) of total manufac-
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turing sector expenditure on R&D, followed by “chemicals”
(20.3 percent), “non-electrical machinery” (10.6 percent),
“transport equipment” (7.9 percent) and “fabricated
metal” (4.9 percent). Thus, the performance of R&D in
Austria is highly concentrated. Moreover, concentration
appears to have increased over time: the Top-5 industries
together accounted for 65.6 percent of total manufactur-
ing sector direct expenditure on R&D in 1976, as com-

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

pared to 84.1 percent in 1983, 87.3 percent in 1988 and
91.6 percent in 1994, 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.

The distribution of acquired technology across industries is
quite different from that of direct expenditure on R&D
(R&D performance). Table 3 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 percent) and trans-
port and storage (10.2 percent). Only then we find two
manufacturing industries, transport equipment (9.8 per-
cent) and electrical machinery (9.2 percent), followed by
construction (7.2 percent). 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.

Although also in Austria other services became the most
important technology-absorbing sector, its share lags be-
hind by international standards: in several other OECD
countries, the share of other services is well above 30 per-
cent, and up to 36 percent in France and the U.K. (1993).

TOWARDS A KNOWLEDGE-BASED
ECONOMY

In analogy to the OECD study by Papaconstantinou — Sak-
urai — Wyckoff (1996) manufacturing industries were con-
solidated to five source clusters: information, transporta-
tion, consumer goods, materials and fabrication. For a
description of these clusters see Table 4. The distribution
of acquired technology (indirect research and develop-

Table 4: Classification of clusters

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

ment) by source clusters and acquiring industries or sec-
tors (Table 5) 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.

By 1994, the information technology cluster was by far the
most important source of acquired technology in the Aus-
trian economy, accounting for 43.5 percent, followed by
the materials cluster (24.3 percent). Thus, there has been
an almost perfect reversal of the pattern prevailing in
1976 (materials cluster 43.6 percent, information technol-
ogy cluster 25.3 percent 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 per-
cent).

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 percent of total acquired technology) in
1994, whereas in 1976 this position was held by tech-
nology embodied in materials and absorbed by the man-
ufacturing sector (23.1 percent). This development re-
flects 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 tech-
nology (18.0 percent of total acquired technology), thus
outperforming the materials cluster (13.0 percent). In
1976, the respective shares were 12.1 percent and
23.1 percent.
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Figure 7: Technology source: information technology cluster

Acquired technology by user industry 1976, 1983, 1988, 1993, million ATS

3,000
2,500
2,000 -
1,500
| i
| .
| i
i i
1,000 | |
| |
| ]
| |
! |
i f j
! I /
/ P ]
500 - j / j /
[ I
[ / [ |
/ ," / /‘ |
// / ’ // / / / f
v / J S
o / s / / | / P S |
o " = = < . “ o m
£ 2 5 2 £ 2 3 g 3 2 §F § & £ & 3 g & 5
¢ £ 8 5 = £ v > < £ a @ ke $ g o
g 5 = z £ € g g 3 s =
o = £ K] € = € o = = = 2 5 i<}
2 8 s & 5 % ¢ 3 § § & 2z ® & 3 3z &8
2 o 2 - 2 (9] S ] 3 £ E = 2 5 & 3 2 5
o < o c > o fe) — - = » = o £
o S © <] s <] 2] =1 &} =
® 2 = ] 5 5] o &> O = £
g b = ° @ 2 . c
E S 3 3 3 o &L 5 5 = 2 Q
3 w - s e s o i) £ g
2 8 s W £ g
2 5 3 .
z we
Source: WIFO.

At the same time, 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 realised by other services (+8.6 percentage
points).

The absorption of indirect research and devel-
opment originating in the information tech-
nology 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 mate-
rials cluster. Here, too, the relations have
changed fundamentally since 1976.

In 1994, 55.8 percent of the embodied technology orig-
inating in the information technology cluster was absorbed
by the service sector (31.7 percent by other services),
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whereas 41.4 percent went to the manufacturing sector. In
1976, these two sectors were still at a par, accounting for
47 percent to 48 percent of indirect research and devel-
opment acquired from the information technology cluster.

Figure 7 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 1990s, the electrical machinery in-
dustry, construction, non-electrical machinery as well as
transport and storage also experienced rapid growth in ac-
quired information technology.

CONCLUSIONS

In Austria, direct business sector expenditures on R&D ac-
counts 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 re-
spect. Inthe longer run, the share of imported technology in
total R&D content is increasing. Although initially Austria

WIFO



TECHNOLOGY FLOWS =

was able to catch up, total R&D intensity was still low by in-
ternational standards in 1994.

With a ratio of “indirect research and development” to di-
rect 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 in-
vestment goods to direct R&D expenditure is relatively high
— the same holds true for comparable small open econo-
mies, 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 “per-
formance paradox” mentioned in the introduction. Analy-
ses based on innovation survey data appear more promis-
ing in this context.

Germany plays an outstanding role as a supplier of im-
ported technology to Austria. Germany dominates tech-
nology imports — particularly through investment goods —to
an even higher degree than Austria’s imports of manu-
facturing goods. The USA 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 econo-
my”. On the one hand, the service sector has gained signif-
icantly 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, outweighing the materials cluster. Thus, the re-
lations prevailing in 1976 have been almost completely re-
versed.

Indirect research and development originating in the in-
formation 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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Technology Flows in the Austrian Economy — Summary

The OECD has been measuring the total research and
development content of output flows for several years.
This measure not only includes direct R&D expenditures,
but also the research and development content of inter-
mediate and investment goods, both domestic and im-
ported. In many cases, this presents a more meaningful
approach to measuring technology levels. For the first
time, computations of the total research and development
content of output were carried out for the Austrian econo-
my. The results are presented in this study.

In Austria, direct expenditures on research and devel-
opment in the business sector account almost half of the
total research and development content of aggregate
output. The most important components in the “indirect
R&D" category are imported and domestic intermediate
goods. In the longer run, the share of imported tech-
nology in the total R&D content of output is increasing. Al-
though initially Austria was able to catch up (from 1976 to
1988), total research and development intensities were
still low by international standards in 1994.

With a ratio of “indirect” to “direct” research and devel-
opment expenditures close to 1 : 1, Austria holds a mid-
dle position in the international community. In large, ad-
vanced economies this ratio is significantly lower. For a
small open economy technology flows embodied in im-
ports are particularly relevant. As expected, the ratio of
imported intermediate and capital goods to direct
expenditures on research and development is relatively
high by international standards. However, the same holds
true for comparable small open economies. Thus, there is
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no evidence that Austria holds an extraordinary position
based on above-average imports of technology.

Germany plays a remarkable role as a supplier of im-
ported technology to Austria. Germany dominates tech-
nology imports — in particular through investment goods —
to an even higher degree than Austria’s imports of manu-
facturing goods. The USA is the second most important
partner country in this respect (apart from the “other
OECD” group of countries including Switzerland).

The change in the pattern of technology flows over the two
decades examined provides an impressive picture of Aus-
tria’s evolution towards a “knowledge-based economy”.
On the one hand, the service sector has gained signif-
icantly 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, outweighing the materials cluster. Thus, the
relations prevailing in 1976 have been almost completely
reversed.

Indirect research and development originating in the in-
formation technology cluster and absorbed by the service
sector constitutes the most important flow of technology.
Even for the manufacturing sector, the information tech-
nology cluster was the most important source of tech-
nology in 1994, thus outperforming the materials cluster.
Here, too, the relations have undergone a fundamental
change since 1976.
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