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Abstract

:

The industrial linkages and supply effects of the U.S. Research and Development (R&D) sector are examined using the input-output approach. Although the U.S. has the highest R&D intensity among major OECD countries, the U.S. R&D sector has relatively low backward and forward linkages to other industrial sectors. Moreover, the supply investment effect of the U.S. R&D sector is the least, showing that the sector is not likely to stimulate the production of the other sectors. The supply shortage effect of the U.S. R&D sector is also the least among the countries. The findings in this study imply that improving the linkages and supply effects of the R&D sector may be more important than increasing only the amount of R&D expenditure in the U.S.
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1. Introduction


The investment in Research and Development (R&D) is a source of innovation for productivity growth beyond the technological frontier. Since R&D stimulates creative activities increasing knowledge stock, the considerable investment in R&D is expected to contribute to the sustainable economic growth (Bayoumia et al. 1999; Griffith et al. 2004; Sveikauskas 2007). According to the Organization for Economic Cooperation and Development (OECD), the gross domestic spending on R&D (i.e. the total expenditure on R&D in a country) is regarded as the main indicator of determining the extent to which the country carries out innovative activities (Yamano and Ahmad 2006). Figure 1 shows the R&D intensity measured as the ratio of the gross domestic spending on R&D to the gross domestic product and all countries involved in the OECD have increased the expenditure on R&D since 1985. Some countries such as France, Germany, Italy, Japan, the U.K., and the U.S. have varied between 1985 and 2013.



The U.S. is well-known as the most innovative country in the world. Due to the interest in R&D, the U.S. spent about 433 billion dollars in 2013, which was over twice the 204 billion dollars spent in 1985. The R&D intensity remains the highest among the OECD countries, while it slightly increased from 2.65% to 2.74% over the period (Figure 1). The U.S. R&D was achieved by multiple performers, such as private businesses, universities and colleges, the federal government, nonfederal government agencies, and other nonprofit organizations. According to National Science Foundation (NSF), private businesses were the largest performer in 2013, accounting for about 70% of total R&D. The activities of private businesses have been dominant in the composition of national R&D. Academia such as university and colleges were the second-largest performer of total R&D, which accounted for about 15% in 2013. The rest of total R&D was conducted by the federal government, nonfederal government agencies, and other nonprofit organizations.



Many studies in the literature highlighted the positive spillover effects of R&D expenditure. The government expenditure for R&D contributes to the economic growth (Sylwester 2001), while policy incentives for R&D also led to an increase in business R&D spending (Falk 2006). The R&D conducted by universities, in particular, have raised business R&D spending, showing that public and private R&D activities are complements (Falk 2006). Moreover, the R&D intensity is typically related to technological progress and its increase contributes to industrial linkages (Wolff and Nadiri 1993; Wolff 1997). The R&D activities improve firms’ productivity and generate innovate knowledge linked to technological improvement (Los and Verspagen 2000; O’Mahony and Vecchi 2009).



However, the literature has paid little attention to the linkages and supply effects of the R&D sector itself. It is questionable how much the activities of the U.S. R&D sector are related to the productivity growth in other industrial sectors. Along with the public R&D expenditure, it is requisite that the R&D sector be linked strongly with other industrial sector to stimulate innovative activities and creative knowledge. Unless there is little linkage between the R&D sector and other relevant sectors, only the public R&D expenditures or activities may not be enough for increasing the use of creative knowledge for the sustainable growth in the economy.



To examine the U.S. R&D sector itself, this study investigates the industrial linkages and supply effects of the U.S. R&D sector using the input-output (I-O) approach. Specifically, the I-O model identifies the extent to which the R&D sector is linked to other sectors and examines the supply investment and shortage effects of R&D products on the production of other industrial sectors. In addition, this study compares these linkages and supply effects with those of major OECD countries leading global economy in order to understand the relative strength of the U.S. R&D sector. As Hauknes and Knell (2009) highlighted the importance of the direct and indirect spillovers of knowledge between different industries for economic growth, this study contributes to understanding the extent to which the R&D sector itself is associated well with other industrial sectors for production, diffusion, and use of advanced technology.



This paper is organized as follows. Section 2 provides a brief description about the I-O model such as the demand-driven and supply-driven models. In Section 3, data description is provided to understand the R&D sector defined by the OECD, and empirical results are provided to examine the industrial linkages and supply effects of the U.S. R&D sector on other sector in major OECD countries. Finally, a discussion and conclusion are given in Section 4.




2. Methods: Input-Output Model


This section introduces the demand-driven and supply-driven models (Rasmussen 1956; Ghosh 1958; Jones 1976; Miller and Blair 2009; Leontief 1996; Han et al. 2004; Reis and Rua 2009).



2.1. Demand-Driven Model


The basic balance equation for the demand-driven model is written as


xi=∑j=1Nxij+fi=∑j=1Naijxj+fi



(1)




for N sectors where xi is the total gross outputs of sector i, and fi is the final demands for products of sector i for i=1,⋯,N. In Equation (1), xij represents the inter-industrial purchases of sector i from sector j. Dividing xij by xj, we obtain aij indicating the technical coefficients. Equation (1) can be written in a matrix form as X=(I−A)−1F=LF where X, A, and F indicate the matrices for the total gross outputs, the technical coefficients, and the final demands, respectively. In addition, I is the N×N identity matrix, and L=(I−A)−1 is the Leontief or input inverse matrix that shows the direct and indirect output requirements of sector i per one unit of final demand of sector j (Leontief 1996).



By summing up the elements in the column of the input inverse matrix, l⋅j=∑i=1Nlij measures the total outputs generated from one-unit final demand for sector j where lij is the ijth element of L. This is the output multiplier that shows backward linkage of sector j (Rasmussen 1956). The output multiplier measures how a unit-change in the final demand for each sector affects total outputs of all sectors. Also, dividing the average of N elements in column j of the output inverse matrix by the average of all N2 elements yields


BL=N−1∑i=1NlijN−2∑i=1N∑j=1Nlij



(2)




which is the normalized backward linkage. If BL is greater than unity, then a unit-increase in final demand for the output of sector j will result in an above-average increase in the relevant activities in the economy.



In order to examine the influence of new production activity in the R&D sector on other sectors, the R&D sector has to be considered exogenous and separated into the final demand (Miller and Blair 2009). When we consider that AR and XR are related to the R&D sector, the new balance equation is written as XNR=(I−ANR)−1(FNR+ARXR) where the matrices with subscript NR are obtained by subtracting the R&D sector from the original matrix. Assuming there is no change in the final demand yields


ΔXNR=(I−ANR)−1ARΔXR



(3)




which identifies the production-inducing effects of a change in the supply investment of the R&D sector on the outputs of other sectors. This is referred to as the supply investment effect of the R&D sector on other sectors.




2.2. Supply-Driven Model


For N sectors, the basic balance equation for supply-driven model is given by


xj=∑i=1Nxij+vj=∑i=1Nbijxi+vj



(4)




where xj is the total gross outputs of sector j, and vj is the final value added by sector j for j=1,⋯,N. Dividing xij by xi, we obtain bij indicating the allocation coefficients. Equation (4) can be written in a matrix form as X′=V′(I−B)−1=V′G where X, B, and V indicate the matrices for the total gross outputs, the allocation coefficients, and the final values added, respectively. In addition G=(I−B)−1 is the Ghoshian or output inverse matrix that shows the direct and indirect requirements in sector j per unit of final value added in sector i (Ghosh 1958).



Summing up the elements in the row of the output inverse matrix yields gi⋅=∑j=1Ngij that is the input multiplier reflecting the forward linkage of sector i (Jones 1976). The input multiplier measures how a unit-change in primary inputs of each sector influences the total outputs of all sectors. Dividing the average of N elements in row i of the matrix by the average of all N2 elements yields


FL=N−1∑j=1NgijN−2∑i=1N∑j=1Ngij



(5)




which is the normalized forward linkage. If FL is greater than unity, then a unit-decrease in the available inputs to sector i will result in an above-average decrease in the associated economic activities.



In the similar way used in the demand-driven model, treating the R&D sector as yields


ΔXNR′=BRΔXR′(I−BNR)−1



(6)




which evaluates the effects of a unit shortage in the R&D sector on the output of other sectors. This is referred to as the supply shortage effect of the R&D sector on other sectors.





3. Data and Results


Data are collected from the I-O database published by the OECD. The OECD I-O database covers 37 industrial sectors of 37 countries, 28 OECD countries, and nine non-OECD countries (Yamano and Ahmad 2006). The OECD designates seven countries as major OECD countries: France, Germany, Italy, the U.K., the U.S., and Canada. For the purpose of concordance with industry classification, Canada is excluded in this analysis because the I-O table for Canada does not separate the R&D sector from the sectoral list. Accordingly, the aggregate I-O tables of six major OECD countries are selected for the mid-2000s to compare the industrial linkages of the R&D sector in the OECD countries.



According to OECD (2013), the R&D sector covers research and development in natural sciences and engineering, which includes creative work in the various types of activities in natural sciences, medical sciences, agriculture, and engineering and technology. The main three types of activities include basic research, applied research, and experimental development. The basic research is related to the achievement of basic, experimental or theoretical knowledge without empirical applications, and the applied research is relevant to obtaining new practical knowledge. The experimental development is associated with producing and improving new materials, products, devices, etc. In addition to natural sciences and engineering, the sector also includes research and development in social sciences and humanities.



Based on the selected database, Table 1 and Table 2 present two types of linkages of the R&D sector of the selected countries. In Table 1, all the backward linkages are less than unity, which implies a unit-increase in final demand for the R&D sector generates a below-average increase in activity in the economy. Specifically, the backward linkage of the U.S. R&D sector is about 0.88. Although the R&D sector is linked strongly with the sector related to motor vehicles, trailers and semi-trailers (1.41), it is linked weakly with private households with employed persons (0.49). The U.S. R&D sector’s backward linkage is comparable with those of the other countries. The backward linkage of the R&D sector of France (0.99) is higher than the other countries, whereas that of Japan is the lowest (0.77). The backward linkage of the U.S. R&D sector is lower than those of France and Germany, but it is higher than Italy, Japan, and U.K.



On the other hand, in Table 2, all the forward linkages of the R&D sector are greater than unity, showing that a unit-decrease in the input availability in the R&D sector leads to an above-average decrease in economic activities. For the U.S. R&D sector, the forward linkage is about 1.26. The R&D sector is linked strongly with the sector related to basic metals (1.63), but it is linked weakly with private households with employed persons (0.49). However, the U.S. has the least value, whereas Japan has the greatest value of the forward linkage (1.52). Though the forward linkage of the U.S. R&D sector is greater than unity, the extent to which the sector is connected to the other sectors is less than the other major OECD countries. Overall, in all major OECD countries, the R&D sector is the forward-linkage oriented sector because it shows relatively low backward linkage but high forward linkage with the other sectors. The U.S. R&D sector is also the forward-linkage oriented sector but has the weakest connection to the other sectors compared with the other countries.



Table 3 presents the effects of R&D supply investments on the other sectors. The supply investment effect of the U.S. R&D sector varies with the sectoral characteristics. For the U.S. R&D sector, the highly ranked impact is on the sector related to renting of machinery and equipment (0.10), followed by the sector related to medical, precision and optical instruments (0.09). The least impact occurs in the sector related to real estate activities (0.001), followed by the sector related to finance and insurance (0.003). However, the U.S. R&D sector has the least total impact (the sum of the individual supply investment effects) on the other sectors. Its total impact is 0.69, which means that the U.S. has the least production-inducing effects on the outputs of the other sectors. The total impact is particularly crucial because it determines whether R&D activities generate significant effects on the other R&D consuming sectors. The supply investment effect of the U.S. R&D sector is less than those of the other major OECD countries, showing that the U.S. R&D sector is the relatively weak production-inducing sector. The R&D sector in France shows the greatest total impact on the outputs of the other sectors with 1.18, followed by Germany.



Furthermore, Table 4 reports the supply shortage effects of the R&D sector on the other sectors, showing how much a unit shortage in the R&D sector affect the other sectors’ outputs. The sum of the individual supply shortage effects is 2.93 in France, 3.02 in Germany, 3.11 in Italy, 3.90 in Japan, 3.02 in the U.K., and 1.81 in the U.S., respectively. The greatest value is in Germany and the lowest value is in the U.S. Specifically, in the U.S., the greatest impact occurs on the sector related to public administration and defense including compulsory social security (0.27), whereas the least impact occurs on the sector related to private households with employed persons (0.00). The supply shortage effect of the U.S. R&D sector is the least among the OECD countries, which indicates that the effect of a unit shortage in the R&D sector on the other sectors’ outputs is relatively low in the economy. This result is also attributable to the low linkages of the U.S. R&D sector to the other sectors.




4. Discussion and Conclusions


This study is motivated by the importance of the R&D sector because it leads to the sustainable productivity growth through innovative knowledge accumulation. Due to the largest R&D expenditure of the U.S., it is usually expected that the U.S. R&D sector will be connected to the productivity of other industrial sectors. However, unlike the public R&D expenditure, the R&D sector’s contribution to innovation may depend on its linkages with relevant sectors. In other words, it is requisite that the industrial linkages between the R&D sector and other industrial sectors be guaranteed to stimulate innovative achievement in the economy. With strong connectivity of the R&D sector to other sector, the R&D sector can contribute to improving the productivity of other industrial sectors. For the analyses of the linkages, the I-O model is employed to identify the extent to which the U.S. R&D sector is linked to other sectors and its supply investment and shortage effects on the other industrial sectors.



The findings are interesting because they show that the spillover effects of the R&D sector may contradict our expectation. The U.S. R&D sector has relatively low backward and forward linkages with the other sectors compared with OECD countries. In particular, the forward linkage is the lowest. Moreover, the supply investment effect of the U.S. R&D sector is much less than those of the other countries, showing that the R&D sector is not likely to generate the production of the other sectors. The supply shortage effect of the U.S. R&D sector is the least among the countries, which implies that the shortage or failure of R&D production may not restrict the production of the other sectors. The findings reveal that the U.S. R&D sector has relatively weak strength to simulate the innovative activities of the other industrial sectors compared with the OECD countries due to the low linkages.



The findings obtained from the I-O model provide policymakers with the comprehensive overview of the R&D sector’s performance and its linkages and supply effects. They imply that improving the linkages and supply effects may be more important than simply increasing the amount of R&D expenditure in the U.S. The linkages and supply effects may increase positively if policy incentives are provided to improve the industrial access to the R&D sector’s achievement. The relevant industries can benefit from the R&D sector if they manage innovative knowledge with a lower barrier to R&D. Supportive legal environment and mechanism for the industrial investment in R&D may also contribute to the spillovers of the R&D sector’s innovative activities.



Admittedly, there exists weakness in applying the I-O model to fully investigate the sectoral performance and linkage. Although the I-O model helps policymakers understand the industrial linkages and supply effects, the results obtained from the I-O model are static with fixed technical allocation coefficients, and, in turn, are sensitive to coefficient changes (Aroche Reyes and Márquez Mendoza 2013). A promising research may employ dynamic I-O analysis (Raa 1986) or incorporate the sensitivity analysis into the traditional I-O model (Bullard and Sebald 1988).
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Figure 1. Research & Development (R&D) Intensity in Major Organization for Economic Cooperation and Development (OECD) Countries (OECD 2013). 
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Table 1. Normalized Backward Linkage in Major OECD Countries.






Table 1. Normalized Backward Linkage in Major OECD Countries.





	Sectors
	France
	Germany
	Italy
	Japan
	U.K.
	U.S.





	Agriculture, hunting, forestry and fishing
	1.005
	1.027
	0.827
	0.912
	1.097
	1.098



	Mining and quarrying
	1.041
	1.118
	0.878
	0.968
	0.748
	0.901



	Food products, beverages, and tobacco
	1.205
	1.201
	1.198
	1.039
	1.169
	1.275



	Textiles, textile products, leather, and footwear
	1.128
	1.186
	1.209
	1.136
	1.087
	1.148



	Wood and products of wood and cork
	1.152
	1.18
	1.128
	1.079
	1.116
	1.181



	Pulp, paper, paper products, printing, and publishing
	1.073
	1.048
	1.125
	1.002
	1.024
	1



	Coke, refined petroleum products, and nuclear fuel
	1.338
	1.536
	1.252
	1.129
	1.163
	1.274



	Chemicals and chemical products
	1.222
	1.133
	1.298
	1.274
	1.15
	1.139



	Rubber and plastic products
	1.164
	1.121
	1.237
	1.171
	1.116
	1.172



	Other non-metallic mineral products
	1.072
	1.08
	1.095
	1.024
	1.038
	0.99



	Basic metals
	1.271
	1.301
	1.335
	1.421
	1.271
	1.145



	Fabricated metal products
	1.082
	1.099
	1.153
	1.121
	1.022
	1.065



	Machinery and equipment
	1.123
	1.113
	1.191
	1.167
	1.119
	1.115



	Office, accounting, and computing machinery
	1.178
	1.214
	1.242
	1.285
	1.194
	1.148



	Electrical machinery and apparatus
	1.192
	1.136
	1.168
	1.185
	1.112
	1.049



	Radio, television, and communication equipment
	1.201
	1.135
	1.017
	1.266
	1.195
	1.099



	Medical, precision, and optical instruments
	1.032
	0.966
	1.085
	1.07
	1.009
	1.076



	Motor vehicles, trailers, and semi-trailers
	1.383
	1.358
	1.336
	1.497
	1.313
	1.407



	Other transport equipment
	1.418
	1.2
	1.287
	1.326
	1.141
	1.081



	Manufacturing
	1.126
	1.127
	1.215
	1.192
	1.117
	1.032



	Electricity, gas, and water supply
	1.062
	0.956
	1.007
	0.937
	1.131
	0.883



	Construction
	0.988
	1.021
	1.017
	0.987
	1.085
	0.969



	Wholesale and retail trade; repairs
	0.845
	0.836
	0.966
	0.725
	0.905
	0.793



	Hotels and restaurants
	0.918
	0.918
	0.945
	0.927
	0.967
	0.965



	Transport and storage
	0.905
	1.067
	1.011
	0.821
	1.026
	0.946



	Post and telecommunications
	0.866
	0.947
	0.857
	0.783
	0.919
	1.013



	Finance and insurance
	0.85
	0.936
	0.759
	0.717
	0.89
	0.849



	Real estate activities
	0.578
	0.661
	0.521
	0.572
	0.689
	0.766



	Renting of machinery and equipment
	0.83
	0.636
	0.931
	0.804
	0.863
	0.99



	Computer and related activities
	0.746
	0.732
	0.89
	0.762
	0.807
	0.837



	Research and development
	0.987
	0.913
	0.772
	0.771
	0.837
	0.875



	Other business activities
	0.813
	0.76
	0.836
	0.782
	0.835
	0.781



	Public admin. and defense; compulsory social security
	0.694
	0.738
	0.669
	0.818
	0.905
	0.864



	Education
	0.595
	0.638
	0.515
	0.591
	0.708
	0.856



	Health and social work
	0.652
	0.715
	0.726
	0.836
	0.874
	0.84



	Other community, social, and personal services
	0.834
	0.776
	0.874
	0.746
	0.889
	0.886



	Private households with employed persons
	0.435
	0.473
	0.428
	1.163
	0.469
	0.493
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Table 2. Normalized Forward Linkage in Major OECD Countries.
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	Sectors
	France
	Germany
	Italy
	Japan
	U.K.
	U.S.





	Agriculture, hunting, forestry, and fishing
	0.792
	0.704
	0.84
	0.703
	0.708
	1.079



	Mining and quarrying
	1.284
	1.243
	1.299
	1.414
	1.316
	1.387



	Food products, beverages, and tobacco
	0.54
	0.489
	0.63
	0.437
	0.671
	0.63



	Textiles, textile products, leather, and footwear
	0.581
	0.497
	0.729
	0.601
	0.546
	0.62



	Wood and products of wood and cork
	1.268
	1.314
	1.281
	1.393
	1.35
	1.4



	Pulp, paper, paper products, printing, and publishing
	1.148
	0.983
	1.055
	1.211
	1.098
	1.14



	Coke, refined petroleum products, and nuclear fuel
	0.941
	0.951
	0.923
	1.032
	0.913
	1.003



	Chemicals and chemical products
	1.103
	1.134
	1.186
	1.126
	1.175
	1.031



	Rubber and plastic products
	1.158
	1.229
	1.231
	1.383
	1.156
	1.169



	Other non-metallic mineral products
	1.317
	1.295
	1.394
	1.384
	1.441
	1.367



	Basic metals
	1.535
	1.607
	1.57
	1.869
	1.334
	1.631



	Fabricated metal products
	1.385
	1.356
	1.427
	1.346
	1.34
	1.385



	Machinery and equipment
	1.213
	1.342
	1.227
	1.331
	1.123
	1.226



	Office, accounting, and computing machinery
	0.861
	1.196
	1.092
	0.774
	1.303
	1.005



	Electrical machinery, and apparatus
	1.217
	1.461
	1.305
	1.431
	1.284
	1.329



	Radio, television, and communication equipment
	1.181
	1.281
	1.015
	0.47
	1.071
	1.224



	Medical, precision, and optical instruments
	1.263
	0.921
	1.07
	0.739
	1.127
	1.194



	Motor vehicles, trailers, and semi-trailers
	0.622
	0.894
	0.773
	1.408
	0.71
	0.828



	Other transport equipment
	1.628
	1.213
	1.193
	1.451
	1.15
	1.028



	Manufacturing
	0.68
	0.621
	0.885
	1.153
	0.814
	0.736



	Electricity, gas, and water supply
	0.876
	0.935
	0.986
	0.923
	0.918
	0.849



	Construction
	1.165
	1.074
	1.177
	1.041
	1.464
	1.146



	Wholesale and retail trade; repairs
	0.716
	0.656
	0.76
	0.717
	0.568
	0.712



	Hotels and restaurants
	0.55
	0.448
	0.519
	0.305
	0.431
	0.57



	Transport and storage
	1.001
	1.064
	1.002
	0.875
	0.938
	1.096



	Post and telecommunications
	0.955
	0.875
	0.937
	0.85
	0.939
	1.036



	Finance and insurance
	0.986
	0.873
	0.968
	0.921
	0.747
	0.892



	Real estate activities
	0.52
	0.596
	0.588
	0.415
	0.554
	0.668



	Renting of machinery and equipment
	1.232
	1.23
	1.235
	1.238
	1.144
	1.137



	Computer and related activities
	1.296
	1.369
	1.267
	1.118
	1.21
	1.167



	Research and development
	1.406
	1.419
	1.357
	1.521
	1.292
	1.259



	Other business activities
	1.278
	1.274
	1.198
	1.189
	1.272
	1.14



	Public admin. and defense; compulsory social security
	0.945
	1.061
	0.736
	0.82
	1.012
	0.679



	Education
	0.844
	0.95
	0.631
	0.365
	0.934
	0.533



	Health and social work
	0.446
	0.359
	0.443
	0.33
	0.866
	0.403



	Other community, social, and personal services
	0.71
	0.779
	0.773
	0.493
	0.76
	0.912



	Private households with employed persons
	0.357
	0.308
	0.298
	1.224
	0.321
	0.39
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Table 3. Supply Investment Effects of R&D Sector in Major OECD Countries.
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	Sectors
	France
	Germany
	Italy
	Japan
	U.K.
	U.S.





	Agriculture, hunting, forestry, and fishing
	0.017
	0.108
	0.021
	0.037
	0.025
	0.045



	Mining and quarrying
	0.023
	0.023
	0.02
	0.033
	0.019
	0.024



	Food products, beverages, and tobacco
	0.02
	0.01
	0.034
	0.062
	0.021
	0.04



	Textiles, textile products, leather, and footwear
	0.009
	0.032
	0.022
	0.126
	0.028
	0.01



	Wood and products of wood and cork
	0.021
	0.022
	0.032
	0.072
	0.025
	0.005



	Pulp, paper, paper products, printing, and publishing
	0.024
	0.042
	0.044
	0.044
	0.004
	0.02



	Coke, refined petroleum products, and nuclear fuel
	0.037
	0.021
	0.017
	0.023
	0.025
	0.008



	Chemicals and chemical products
	0.042
	0.017
	0.02
	0.118
	0.027
	0.004



	Rubber and plastic products
	0.026
	0.024
	0.048
	0.032
	0.012
	0.007



	Other non-metallic mineral products
	0.028
	0.027
	0.042
	0.042
	0.008
	0.01



	Basic metals
	0.09
	0.034
	0.015
	0.016
	0.017
	0.009



	Fabricated metal products
	0.049
	0.014
	0.017
	0.085
	0.019
	0.004



	Machinery and equipment
	0.011
	0.048
	0.017
	0.009
	0.021
	0.009



	Office, accounting, and computing machinery
	0.027
	0.135
	0.025
	0.015
	0.008
	0.007



	Electrical machinery and apparatus
	0.078
	0.02
	0.018
	0.061
	0.018
	0.01



	Radio, television and communication equipment
	0.069
	0.008
	0.01
	0.043
	0.022
	0.006



	Medical, precision, and optical instruments
	0.006
	0.01
	0.03
	0.038
	0.016
	0.093



	Motor vehicles, trailers, and semi-trailers
	0.006
	0.015
	0.039
	0.023
	0.112
	0.015



	Other transport equipment
	0.015
	0.025
	0.02
	0.113
	0.013
	0.032



	Manufacturing
	0.02
	0.016
	0.155
	0.029
	0.045
	0.018



	Electricity, gas, and water supply
	0.05
	0.048
	0.027
	0.046
	0.019
	0.026



	Construction
	0.096
	0.016
	0.079
	0.038
	0.036
	0.019



	Wholesale and retail trade; repairs
	0.027
	0.102
	0.04
	0.088
	0.069
	0.015



	Hotels and restaurants
	0.054
	0.026
	0.031
	0.051
	0.008
	0.01



	Transport and storage
	0.015
	0.049
	0.039
	0.032
	0.038
	0.029



	Post and telecommunications
	0.07
	0.079
	0.017
	0.049
	0.074
	0.012



	Finance and insurance
	0.041
	0.022
	0.047
	0.119
	0.021
	0.003



	Real estate activities
	0.012
	0.011
	0.065
	0.028
	0.004
	0.001



	Renting of machinery and equipment
	0.017
	0.092
	0.013
	0.001
	0.006
	0.104



	Computer and related activities
	0.136
	0.018
	0.008
	0.001
	0.026
	0.008



	Research and development
	-
	-
	-
	-
	-
	-



	Other business activities
	0.018
	0.005
	0.002
	0.026
	0.005
	0.006



	Public admin. and defense; compulsory social security
	0.008
	0.008
	0.034
	0.022
	0.01
	0.006



	Education
	0.002
	0.015
	0.005
	0.015
	0.024
	0.023



	Health and social work
	0.01
	0.005
	0.021
	0.051
	0.014
	0.007



	Other community, social, and personal services
	0.002
	0.012
	0.036
	0.054
	0.005
	0.007



	Private households with employed persons
	0.006
	0.02
	0.015
	0.025
	0.006
	0.036



	Total
	1.182
	1.179
	1.121
	1.662
	0.85
	0.686
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Table 4. Supply Shortage Effects of R&D Sector in Major OECD Countries.






Table 4. Supply Shortage Effects of R&D Sector in Major OECD Countries.





	Sectors
	France
	Germany
	Italy
	Japan
	U.K.
	U.S.





	Agriculture, hunting, forestry, and fishing
	0.063
	0.031
	0.02
	0.021
	0.022
	0.018



	Mining and quarrying
	0.008
	0.009
	0.008
	0.002
	0.042
	0.022



	Food products, beverages, and tobacco
	0.098
	0.072
	0.109
	0.069
	0.069
	0.071



	Textiles, textile products, leather, and footwear
	0.022
	0.025
	0.153
	0.016
	0.017
	0.007



	Wood and products of wood and cork
	0.008
	0.023
	0.016
	0.006
	0.009
	0.008



	Pulp, paper, paper products, printing, and publishing
	0.035
	0.043
	0.05
	0.038
	0.055
	0.051



	Coke, refined petroleum products, and nuclear fuel
	0.029
	0.026
	0.02
	0.015
	0.036
	0.028



	Chemicals and chemical products
	0.297
	0.579
	0.151
	0.31
	0.11
	0.061



	Rubber and plastic products
	0.084
	0.127
	0.095
	0.089
	0.027
	0.017



	Other non-metallic mineral products
	0.025
	0.03
	0.052
	0.038
	0.013
	0.008



	Basic metals
	0.039
	0.062
	0.049
	0.123
	0.038
	0.012



	Fabricated metal products
	0.05
	0.058
	0.11
	0.04
	0.037
	0.021



	Machinery and equipment
	0.095
	0.157
	0.21
	0.388
	0.063
	0.028



	Office, accounting, and computing machinery
	0.01
	0.016
	0.008
	0.106
	0.007
	0.009



	Electrical machinery and apparatus
	0.074
	0.088
	0.077
	0.436
	0.028
	0.006



	Radio, television, and communication equipment
	0.148
	0.042
	0.02
	0.12
	0.014
	0.022



	Medical, precision, and optical instruments
	0.059
	0.029
	0.039
	0.046
	0.011
	0.014



	Motor vehicles, trailers, and semi-trailers
	0.331
	0.446
	0.086
	0.995
	0.049
	0.054



	Other transport equipment
	0.305
	0.068
	0.047
	0.077
	0.056
	0.022



	Manufacturing
	0.03
	0.022
	0.065
	0.027
	0.021
	0.019



	Electricity, gas, and water supply
	0.058
	0.084
	0.072
	0.078
	0.072
	0.016



	Construction
	0.182
	0.125
	0.264
	0.14
	0.282
	0.109



	Wholesale and retail trade; repairs
	0.133
	0.084
	0.403
	0.145
	0.204
	0.167



	Hotels and restaurants
	0.028
	0.017
	0.059
	0.034
	0.055
	0.051



	Transport and storage
	0.073
	0.065
	0.16
	0.046
	0.189
	0.045



	Post and telecommunications
	0.072
	0.031
	0.167
	0.039
	0.054
	0.098



	Finance and insurance
	0.058
	0.031
	0.061
	0.025
	0.159
	0.105



	Real estate activities
	0.043
	0.07
	0.031
	0.055
	0.1
	0.112



	Renting of machinery and equipment
	0.008
	0.002
	0.009
	0.027
	0.016
	0.034



	Computer and related activities
	0.074
	0.012
	0.099
	0.03
	0.043
	0.028



	Research and development
	-
	-
	-
	-
	-
	-



	Other business activities
	0.115
	0.053
	0.195
	0.03
	0.264
	0.064



	Public admin. and defense; compulsory social security
	0.138
	0.23
	0.068
	0.074
	0.168
	0.269



	Education
	0.018
	0.095
	0.007
	0.013
	0.109
	0.015



	Health and social work
	0.061
	0.102
	0.074
	0.117
	0.393
	0.083



	Other community, social, and personal services
	0.058
	0.063
	0.055
	0.04
	0.183
	0.117



	Private households with employed persons
	0
	0
	0
	0.05
	0
	0



	Total
	2.926
	3.017
	3.111
	3.902
	3.017
	1.809
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