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4) See the surveys by Aghion � Howitt (1998), Barro � Sala-i-Martin (1995), Klenow � Rodriguez-Clare (1997).
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5) See Streißler (1979A).

6) 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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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."

82�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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9) 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 inextricably 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.

10) 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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12) See, e.g., Griliches (1992, 1998), Klette � Moen � Griliches (1999), Mohnen (1994, 1996).

13) 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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14) 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).

15) For further details on the specifications in use, see Hutschenreiter (1995).
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16) 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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20) 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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any other standard textbook of input-output economics.
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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

AustraliaAustralia

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

AustriaAustria

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

CanadaCanada

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

DenmarkDenmark

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

FranceFrance

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

GermanyGermany

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

ItalyItaly

1985 0.4 0.4 0.2 0.2 2.2

1990 0.4 0.3 0.2 0.1 2.0

JapanJapan

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

NetherlandsNetherlands

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

UKUK

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

USAUSA

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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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 tobaccoFood and tobacco 62.89 19.1 81.95

Textile and leatherTextile and leather 36.20 49.7 85.91

Wood and furnitureWood and furniture 52.50 21.7 74.16

Paper and printingPaper and printing 50.69 32.0 82.71

ChemicalsChemicals 11.53 73.4 84.96

Stone, clay and glassStone, clay and glass 1976 52.38 20.2 72.56

Basic metalBasic metal 41.62 44.0 85.63

Fabricated metalFabricated metal 61.45 27.1 88.52

Non-electrical machineryNon-electrical machinery 46.56 43.4 89.96

Electrical machineryElectrical machinery 16.00 77.3 93.28

TransportTransport 19.69 77.4 97.09

InstrumentsInstruments 18.66 27.1 45.73

Food and tobaccoFood and tobacco 55.81 16.63 72.44

Textile and leatherTextile and leather 30.74 49.24 79.98

Wood and furnitureWood and furniture 45.29 25.98 71.26

Paper and printingPaper and printing 40.76 32.79 73.55

ChemicalsChemicals 12.56 74.35 86.92

Stone, clay and glassStone, clay and glass 1983 42.67 23.22 65.89

Basic metalBasic metal 31.30 46.09 77.38

Fabricated metalFabricated metal 44.69 39.44 84.13

Non-electrical machineryNon-electrical machinery 37.80 52.64 90.44

Electrical machineryElectrical machinery 9.93 81.57 91.50

TransportTransport 15.77 76.73 92.49

InstrumentsInstruments 32.66 51.90 84.56

Food and tobaccoFood and tobacco 48.89 18.0 66.90

Textile and leatherTextile and leather 29.03 46.7 75.70

Wood and furnitureWood and furniture 38.60 26.2 64.80

Paper and printingPaper and printing 39.97 36.5 76.47

ChemicalsChemicals 13.71 69.1 82.77

Stone, clay and glassStone, clay and glass 1988 33.20 25.4 58.62

Basic metalBasic metal 28.35 42.2 70.56

Fabricated metalFabricated metal 34.84 42.3 77.13

Non-electrical machineryNon-electrical machinery 29.22 59.6 88.84

Electrical machineryElectrical machinery 13.41 78.1 91.52

TransportTransport 11.78 73.0 84.76

InstrumentsInstruments 34.68 42.0 76.65

Food and tobaccoFood and tobacco 54.19 21.42 75.61

Textile and leatherTextile and leather 33.56 52.29 85.85

Wood and furnitureWood and furniture 47.66 30.73 78.38

Paper and printingPaper and printing 50.26 35.41 85.68

ChemicalsChemicals 17.30 72.42 89.72

Stone, clay and glassStone, clay and glass 1994 44.15 28.68 72.83

Basic metalBasic metal 35.37 49.24 84.61

Fabricated metalFabricated metal 36.31 45.19 81.49

Non-electrical machineryNon-electrical machinery 34.15 61.53 95.67

Electrical machineryElectrical machinery 9.72 87.01 96.73

TransportTransport 11.88 83.13 95.01

InstrumentsInstruments 38.51 47.76 86.27

Source: WIFO

AT: Acquired Technology
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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 tobaccoFood and tobacco 7.76 10.3 18.05

Textile and leatherTextile and leather 3.36 10.7 14.09

Wood and furnitureWood and furniture 9.82 16.0 25.84

Paper and printingPaper and printing 5.60 11.7 17.29

ChemicalsChemicals 5.14 9.9 15.04

Stone, clay and glassStone, clay and glass 1976 10.05 17.4 27.44

Basic metalBasic metal 9.01 5.4 14.37

Fabricated metalFabricated metal 4.37 7.1 11.48

Non-electrical machineryNon-electrical machinery 3.45 6.6 10.04

Electrical machineryElectrical machinery 1.46 5.3 6.72

TransportTransport 1.81 1.1 2.91

InstrumentsInstruments 2.29 52.0 54.27

Food and tobaccoFood and tobacco 7.40 20.16 27.56

Textile and leatherTextile and leather 5.89 14.13 20.02

Wood and furnitureWood and furniture 10.29 18.45 28.74

Paper and printingPaper and printing 7.19 19.26 26.45

ChemicalsChemicals 4.73 8.35 13.08

Stone, clay and glassStone, clay and glass 1983 17.27 16.84 34.11

Basic metalBasic metal 12.18 10.44 22.62

Fabricated metalFabricated metal 6.37 9.49 15.87

Non-electrical machineryNon-electrical machinery 3.76 5.80 9.56

Electrical machineryElectrical machinery 2.35 6.15 8.50

TransportTransport 2.55 4.95 7.51

InstrumentsInstruments 3.23 12.21 15.44

Food and tobaccoFood and tobacco 7.77 25.3 33.10

Textile and leatherTextile and leather 6.43 17.9 24.30

Wood and furnitureWood and furniture 11.77 23.4 35.20

Paper and printingPaper and printing 5.22 18.3 23.53

ChemicalsChemicals 5.03 12.2 17.23

Stone, clay and glassStone, clay and glass 1988 18.69 22.7 41.38

Basic metalBasic metal 14.69 14.8 29.44

Fabricated metalFabricated metal 8.27 14.6 22.87

Non-electrical machineryNon-electrical machinery 3.90 7.3 11.16

Electrical machineryElectrical machinery 1.87 6.6 8.48

TransportTransport 4.38 10.9 15.24

InstrumentsInstruments 4.14 19.2 23.35

Food and tobaccoFood and tobacco 9.64 14.75 24.39

Textile and leatherTextile and leather 5.82 8.33 14.15

Wood and furnitureWood and furniture 10.51 11.11 21.62

Paper and printingPaper and printing 5.10 9.22 14.32

ChemicalsChemicals 4.36 5.92 10.28

Stone, clay and glassStone, clay and glass 1994 17.00 10.17 27.17

Basic metalBasic metal 10.21 5.18 15.39

Fabricated metalFabricated metal 9.88 8.63 18.51

Non-electrical machineryNon-electrical machinery 2.25 2.08 4.33

Electrical machineryElectrical machinery 1.24 2.03 3.27

TransportTransport 2.29 2.70 4.99

InstrumentsInstruments 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

TransportTransport 1.010 0.217 0.793 Germany 48.7

InstrumentsInstruments 0.965 0.202 0.763 Germany 53.6

Electrical machineryElectrical machinery 1976 0.711 0.124 0.587 Germany 44.9

Non-electrical machineryNon-electrical machinery 0.441 0.221 0.221 Germany 49.6

Fabricated metalFabricated metal 0.383 0.252 0.131 Germany 50.2

TransportTransport 1.143 0.209 0.933 Germany 56.2

InstrumentsInstruments 0.654 0.235 0.419 Germany 48.7

Electrical machineryElectrical machinery 1983 0.650 0.080 0.570 Germany 41.4

Fabricated metalFabricated metal 0.492 0.251 0.241 Germany 58.8

Non-electrical machineryNon-electrical machinery 0.364 0.151 0.212 Germany 53.4

TransportTransport 1.226 0.198 1.028 Germany 57.2

InstrumentsInstruments 0.711 0.276 0.435 Germany 47.4

Electrical machineryElectrical machinery 1988 0.623 0.095 0.528 Germany 45.5

ChemicalsChemicals 0.493 0.092 0.400 Germany 51.0

Non-electrical machineryNon-electrical machinery 0.423 0.140 0.283 Germany 52.4

TransportTransport 2.213 0.314 1.899 Germany 53.9

InstrumentsInstruments 1.221 0.525 0.696 Germany 37.4

Electrical machineryElectrical machinery 1994 1.020 0.112 0.908 Germany 40.2

Non-electrical machineryNon-electrical machinery 0.836 0.304 0.531 Germany 45.5

ChemicalsChemicals 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

ChemicalsChemicals 25.8 Other servicesOther services 22.5

Electrical machineryElectrical machinery 16.9 ConstructionConstruction 9.7

Non-electrical machineryNon-electrical machinery 1976 11.9 Electrical machineryElectrical machinery 1976 8.3

TransportTransport 8.1 ChemicalsChemicals 7.7

Basic metalBasic metal 2.9 TransportTransport 6.8

Electrical machineryElectrical machinery 34.7 Other servicesOther services 24.5

ChemicalsChemicals 19.2 Electrical machineryElectrical machinery 8.4

Non-electrical machineryNon-electrical machinery 1983 16.3 ConstructionConstruction 1983 8.0

TransportTransport 11.0 ChemicalsChemicals 7.6

Basic metalBasic metal 2.9 TransportTransport 7.2

Electrical machineryElectrical machinery 40.0 Other servicesOther services 28.3

ChemicalsChemicals 18.9 ConstructionConstruction 8.2

Non-electrical machineryNon-electrical machinery 1988 14.5 ChemicalsChemicals 1988 8.0

TransportTransport 11.9 Electrical machineryElectrical machinery 7.9

Stone, clay and glassStone, clay and glass 2.0 Transport and storageTransport and storage 7.1

Electrical machineryElectrical machinery 47.9 Other servicesOther services 28.9

ChemicalsChemicals 20.3 Transport and storageTransport and storage 10.2

Non-electrical machineryNon-electrical machinery 1994 10.6 TransportTransport 1994 9.8

TransportTransport 7.9 Electrical machineryElectrical machinery 9.2

Fabricated MetalFabricated Metal 4.9 ConstructionConstruction 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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Table 6 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 fishingAgriculture, forestry and fishing 0.96 0.96 0.14 2.21 0.86 5.13

MiningMining 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 tobaccoFood and tobacco 0.34 0.39 0.11 2.19 0.62 3.64

Textile and leatherTextile and leather 0.14 0.22 0.26 1.74 0.27 2.63

Wood and furnitureWood and furniture 0.28 0.33 0.05 1.08 0.31 2.04

Paper and printingPaper and printing 0.41 0.14 0.02 0.99 0.30 1.87

ChemicalsChemicals 0.45 0.47 0.05 6.00 0.80 7.76

Stone, clay and glassStone, clay and glass 0.32 0.17 0.01 1.00 0.34 1.85

Basic metalBasic metal 0.44 0.18 0.01 2.17 0.49 3.29

Fabricted metalFabricted metal 0.87 0.31 0.02 2.74 0.58 4.53

Non-electrical machineryNon-electrical machinery 1.38 0.39 0.01 1.96 0.57 4.31

Electrical machineryElectrical machinery 6.08 0.22 0.01 1.68 0.33 8.33

TransportTransport 1.06 3.85 0.02 1.30 0.54 6.77

InstrumentsInstruments 0.33 0.38 0.00 0.22 0.24 1.17

Service sector 11.92 9.09 0.55 17.81 5.37 44.73

Electricity, gas and waterElectricity, gas and water 1.62 0.95 0.02 1.16 0.89 4.63

ConstructionConstruction 2.47 1.40 0.03 4.74 1.14 9.78

Other servicesOther services 5.17 4.44 0.46 9.77 2.77 22.61

Transport and storageTransport and storage 2.33 1.68 0.03 1.96 0.45 6.45

CommunicationCommunication 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 fishingAgriculture, forestry and fishing 1.57 0.78 0.15 1.67 1.16 5.33

MiningMining 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 tobaccoFood and tobacco 0.63 0.54 0.11 1.68 0.95 3.90

Textile and leatherTextile and leather 0.23 0.14 0.25 1.20 0.39 2.20

Wood and furnitureWood and furniture 0.35 0.28 0.04 0.81 0.50 1.97

Paper and printingPaper and printing 0.76 0.16 0.02 0.94 0.64 2.51

ChemicalsChemicals 0.60 0.30 0.04 5.78 0.85 7.57

Stone, clay and glassStone, clay and glass 0.43 0.23 0.01 0.78 0.37 1.82

Basic metalBasic metal 0.66 0.16 0.01 1.60 0.60 3.04

Fabricted metalFabricted metal 0.90 0.31 0.02 1.55 0.98 3.75

Non-electrical machineryNon-electrical machinery 1.80 0.54 0.01 1.35 1.01 4.71

Electrical machineryElectrical machinery 6.57 0.22 0.01 1.17 0.44 8.41

TransportTransport 1.16 3.93 0.02 1.10 0.96 7.17

InstrumentsInstruments 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 waterElectricity, gas and water 2.82 0.82 0.01 0.76 0.64 5.05

ConstructionConstruction 2.35 0.85 0.03 3.34 1.43 7.99

Other servicesOther services 7.12 4.60 0.51 7.97 4.31 24.51

Transport and storageTransport and storage 1.23 2.70 0.03 1.72 0.59 6.26

CommunicationCommunication 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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Table 8 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 fishingAgriculture, forestry and fishing 1.20 0.50 0.07 1.11 0.99 3.87

MiningMining 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 tobaccoFood and tobacco 0.78 0.51 0.13 1.53 1.15 4.11

Textile and leatherTextile and leather 0.22 0.13 0.16 1.15 0.42 2.08

Wood and furnitureWood and furniture 0.46 0.26 0.03 0.87 0.59 2.21

Paper and printingPaper and printing 0.79 0.18 0.02 1.00 0.60 2.60

ChemicalsChemicals 0.85 0.32 0.03 5.75 1.06 8.01

Stone, clay and glassStone, clay and glass 0.57 0.22 0.01 0.80 0.48 2.08

Basic metalBasic metal 0.72 0.13 0.01 1.51 0.50 2.85

Fabricted metalFabricted metal 0.82 0.19 0.01 1.15 0.71 2.87

Non-electrical machineryNon-electrical machinery 1.77 0.62 0.01 1.10 0.84 4.34

Electrical machineryElectrical machinery 5.41 0.17 0.02 1.80 0.49 7.89

TransportTransport 1.06 3.89 0.01 0.81 0.67 6.45

InstrumentsInstruments 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 waterElectricity, gas and water 2.39 0.23 0.01 0.44 0.46 3.53

ConstructionConstruction 2.76 0.78 0.03 3.30 1.33 8.21

Other servicesOther services 8.05 4.27 0.50 10.27 5.25 28.34

Transport and storageTransport and storage 1.32 3.54 0.03 1.46 0.79 7.13

CommunicationCommunication 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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Table 9 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 fishingAgriculture, forestry and fishing 1.01 0.18 0.06 0.64 0.52 2.41

MiningMining 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 tobaccoFood and tobacco 1.06 0.28 0.14 0.92 0.74 3.14

Textile and leatherTextile and leather 0.24 0.05 0.11 0.68 0.18 1.26

Wood and furnitureWood and furniture 0.59 0.13 0.04 0.65 0.38 1.79

Paper and printingPaper and printing 1.04 0.11 0.02 0.72 0.38 2.28

ChemicalsChemicals 0.91 0.16 0.04 4.25 0.59 5.96

Stone, clay and glassStone, clay and glass 0.62 0.12 0.01 0.59 0.31 1.65

Basic metalBasic metal 0.68 0.06 0.01 1.09 0.27 2.11

Fabricted metalFabricted metal 0.86 0.09 0.01 0.63 0.45 2.03

Non-electrical machineryNon-electrical machinery 3.13 0.74 0.02 0.91 0.86 5.66

Electrical machineryElectrical machinery 7.13 0.14 0.04 1.49 0.42 9.22

TransportTransport 1.50 6.82 0.02 0.86 0.64 9.85

InstrumentsInstruments 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 waterElectricity, gas and water 2.10 0.15 0.01 0.28 0.28 2.83

ConstructionConstruction 4.01 0.54 0.03 2.23 1.12 7.93

Other servicesOther services 13.76 3.08 0.56 6.64 4.93 28.97

Transport and storageTransport and storage 3.33 4.08 0.06 1.32 1.47 10.25

CommunicationCommunication 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
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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 fishingAgriculture, forestry and fishing 0.05 -0.79 -0.08 -1.56 -0.34

MiningMining

Manufacturing sector 5.92 1.66 -0.10 -10.11 -0.14

Food and tobaccoFood and tobacco 0.72 -0.11 0.03 -1.27 0.12

Textile and leatherTextile and leather 0.10 -0.17 -0.15 -1.06 -0.09

Wood and furnitureWood and furniture 0.32 -0.19 -0.01 -0.43 0.07

Paper and printingPaper and printing 0.63 -0.03 0.00 -0.27 0.08

ChemicalsChemicals 0.47 -0.31 -0.01 -1.75 -0.21

Stone, clay and glassStone, clay and glass 0.30 -0.05 0.00 -0.41 -0.04

Basic metalBasic metal 0.24 -0.12 0.00 -1.08 -0.22

Fabricted metalFabricted metal -0.01 -0.22 -0.01 -2.12 -0.14

Non-electrical machineryNon-electrical machinery 1.75 0.35 0.01 -1.05 0.30

Electrical machineryElectrical machinery 1.04 -0.08 0.03 -0.19 0.08

TransportTransport 0.45 2.96 0.01 -0.44 0.10

InstrumentsInstruments -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 waterElectricity, gas and water 0.48 -0.80 -0.01 -0.88 -0.61

ConstructionConstruction 1.54 -0.86 0.00 -2.51 -0.02

Other servicesOther services 8.60 -1.36 0.09 -3.13 2.16

Transport and storageTransport and storage 1.00 2.39 0.03 -0.64 1.02

CommunicationCommunication 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 fishingAgriculture, forestry and fishing 3.79 5.46 11.29 5.06 7.02

MiningMining 1.25 2.97 0.34 1.07 5.11

Manufacturing sector 47.83 40.00 45.58 52.98 44.03

Food and tobaccoFood and tobacco 1.34 2.22 8.64 5.02 5.03

Textile and leatherTextile and leather 0.56 1.24 20.27 4.00 2.19

Wood and furnitureWood and furniture 1.09 1.84 3.99 2.49 2.49

Paper and printingPaper and printing 1.62 0.81 1.88 2.28 2.45

ChemicalsChemicals 1.77 2.66 3.82 13.77 6.53

Stone, clay and glassStone, clay and glass 1.28 0.97 0.68 2.31 2.82

Basic metalBasic metal 1.73 1.01 1.13 4.97 4.01

Fabricted metalFabricted metal 3.45 1.77 1.47 6.30 4.77

Non-electrical machineryNon-electrical machinery 5.47 2.19 1.04 4.50 4.63

Electrical machineryElectrical machinery 24.06 1.26 0.95 3.85 2.73

TransportTransport 4.18 21.86 1.45 2.99 4.42

InstrumentsInstruments 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 waterElectricity, gas and water 6.40 5.37 1.22 2.67 7.29

ConstructionConstruction 9.77 7.95 2.53 10.87 9.29

Other servicesOther services 20.43 25.21 36.37 22.42 22.62

Transport and storageTransport and storage 9.22 9.54 2.23 4.50 3.66

CommunicationCommunication 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 fishingAgriculture, forestry and fishing 5.12 4.39 11.54 4.89 7.15

MiningMining 0.67 0.83 0.23 0.96 1.90

Manufacturing sector 46.86 38.26 42.22 53.23 47.61

Food and tobaccoFood and tobacco 2.06 3.02 8.47 4.92 5.82

Textile and leatherTextile and leather 0.74 0.78 19.82 3.52 2.40

Wood and furnitureWood and furniture 1.13 1.56 3.41 2.38 3.05

Paper and printingPaper and printing 2.47 0.90 1.43 2.76 3.91

ChemicalsChemicals 1.95 1.67 3.26 16.98 5.25

Stone, clay and glassStone, clay and glass 1.42 1.31 0.52 2.29 2.27

Basic metalBasic metal 2.16 0.91 0.87 4.70 3.72

Fabricted metalFabricted metal 2.93 1.72 1.22 4.55 6.05

Non-electrical machineryNon-electrical machinery 5.88 3.03 0.95 3.96 6.23

Electrical machineryElectrical machinery 21.47 1.21 0.78 3.44 2.70

TransportTransport 3.80 22.01 1.37 3.24 5.89

InstrumentsInstruments 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 waterElectricity, gas and water 9.21 4.57 0.81 2.23 3.97

ConstructionConstruction 7.68 4.74 2.09 9.80 8.81

Other servicesOther services 23.26 25.77 40.78 23.42 26.52

Transport and storageTransport and storage 4.01 15.10 2.01 5.06 3.66

CommunicationCommunication 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 fishingAgriculture, forestry and fishing 3.86 3.03 6.54 3.19 5.94

MiningMining 0.56 0.63 0.19 0.73 1.23

Manufacturing sector 43.76 40.04 41.80 51.08 45.42

Food and tobaccoFood and tobacco 2.52 3.10 11.98 4.44 6.92

Textile and leatherTextile and leather 0.72 0.78 14.85 3.32 2.51

Wood and furnitureWood and furniture 1.49 1.57 3.02 2.50 3.54

Paper and printingPaper and printing 2.54 1.11 1.78 2.90 3.64

ChemicalsChemicals 2.74 1.92 3.07 16.61 6.35

Stone, clay and glassStone, clay and glass 1.82 1.30 0.75 2.32 2.91

Basic metalBasic metal 2.31 0.76 0.70 4.36 2.99

Fabricted metalFabricted metal 2.64 1.12 1.00 3.33 4.25

Non-electrical machineryNon-electrical machinery 5.69 3.74 1.02 3.18 5.05

Electrical machineryElectrical machinery 17.38 1.03 2.13 5.20 2.96

TransportTransport 3.41 23.50 1.20 2.35 4.01

InstrumentsInstruments 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 waterElectricity, gas and water 7.70 1.40 0.70 1.26 2.79

ConstructionConstruction 8.89 4.73 2.32 9.54 8.01

Other servicesOther services 25.89 25.75 45.48 29.69 31.54

Transport and storageTransport and storage 4.24 21.36 2.62 4.22 4.73

CommunicationCommunication 5.11 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 fishingAgriculture, forestry and fishing 2.33 1.03 5.05 2.63 3.76

MiningMining 0.46 0.37 0.26 0.77 0.96

Manufacturing sector 41.44 50.63 40.03 53.27 38.21

Food and tobaccoFood and tobacco 2.43 1.64 11.82 3.79 5.37

Textile and leatherTextile and leather 0.54 0.29 9.27 2.80 1.29

Wood and furnitureWood and furniture 1.36 0.76 3.27 2.67 2.73

Paper and printingPaper and printing 2.39 0.65 2.01 2.97 2.75

ChemicalsChemicals 2.10 0.95 3.21 17.45 4.32

Stone, clay and glassStone, clay and glass 1.43 0.67 0.93 2.44 2.22

Basic metalBasic metal 1.56 0.36 0.79 4.46 1.99

Fabricted metalFabricted metal 1.98 0.51 0.96 2.58 3.25

Non-electrical machineryNon-electrical machinery 7.19 4.30 1.60 3.73 6.28

Electrical machineryElectrical machinery 16.39 0.81 3.69 6.11 3.02

TransportTransport 3.45 39.62 2.01 3.55 4.67

InstrumentsInstruments 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 waterElectricity, gas and water 4.83 0.88 0.80 1.17 2.05

ConstructionConstruction 9.23 3.15 2.86 9.14 8.14

Other servicesOther services 31.66 17.91 45.62 27.26 35.85

Transport and storageTransport and storage 7.66 23.68 4.74 5.41 10.71

CommunicationCommunication 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 fishingAgriculture, forestry and fishing -1.46 -4.43 -6.24 -2.43 -3.26

MiningMining

Manufacturing sector -6.39 10.64 -5.55 0.29 -5.81

Food and tobaccoFood and tobacco 1.09 -0.58 3.17 -1.23 0.34

Textile and leatherTextile and leather -0.01 -0.95 -11.00 -1.20 -0.90

Wood and furnitureWood and furniture 0.27 -1.09 -0.71 0.18 0.24

Paper and printingPaper and printing 0.77 -0.16 0.12 0.69 0.30

ChemicalsChemicals 0.34 -1.71 -0.61 3.69 -2.21

Stone, clay and glassStone, clay and glass 0.15 -0.29 0.25 0.13 -0.59

Basic metalBasic metal -0.17 -0.65 -0.34 -0.51 -2.03

Fabricted metalFabricted metal -1.47 -1.26 -0.51 -3.72 -1.52

Non-electrical machineryNon-electrical machinery 1.73 2.11 0.56 -0.77 1.65

Electrical machineryElectrical machinery -7.67 -0.44 2.74 2.25 0.29

TransportTransport -0.72 17.76 0.57 0.56 0.25

InstrumentsInstruments -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 waterElectricity, gas and water -1.57 -4.49 -0.42 -1.50 -5.24

ConstructionConstruction -0.54 -4.80 0.34 -1.73 -1.15

Other servicesOther services 11.23 -7.30 9.25 4.85 13.23

Transport and storageTransport and storage -1.57 14.14 2.50 0.92 7.05

CommunicationCommunication 1.08 -1.15 0.20 -0.10 -0.66

Source: WIFO
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