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Appendix: data for calibrating parameters



To calibrate the parameters in the model, I need the values of endogenous variables in the model. I listed the formulae that generate these variables using the US national income and product accounts (NIPA) data. • Output per person (y) Real GDP without the software investment − Real value added in private education industry − Real value added in private health care industry − Real government expenditures on education − Real government expenditures on health − Real total R&D output + Real business sector R&D output + Real R&D output of FFRDC administered by business sector − Sales tax deflated by the PCE deflator + Services from consumer durables deflated by the PCE durable deflator + Depreciation from consumer durables deflated by the PCE durable deflator All divided by non-institutional population, 16-64. From the above formula, the products of both private and public education and health care activities are removed from GDP. Since R&D outlays in the business sector are counted as expenses but not products and, thus, are excluded from GDP,1 only R&D outputs of the households and institutions sector and the general government sector are removed from GDP. Since NIPA records investments in capital very well, I follow the standard procedure in [2] to generate it. • Investment in capital per person (xk ) Real gross private domestic investment + Real government gross investment + Real personal consumption expenditures on durables − Sales tax deflated by the PCE deflator × share of durables in PCE All divided by non-institutional population, 16-64. As for government consumption, NIPA estimates include government expenditures on R&D, education and health care, so the part counted as government consumption of these items should be removed to make consistent measures. Total government expenditures of these items are known, but not the portions of counted as government consumption. I assume that they have the same portion as the total government expenditure. 1 Federal funded R&D centers (FFRDC) are administered by either business sector or public universities and colleges. Outputs of those administered by business sector are recorded like business R&D outputs, so they are not included in the conventional GDP estimates.
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• Government consumption per person (g) Real government consumption + Real net exports of goods and services − Real government expenditures on education × consumption share − Real Government expenditures on health × consumption share − Real Federal R&D output × consumption share − Real State and local government R&D output × consumption share All divided by non-institutional population, 16-64. Investment in labor-augmented technology is counted in terms of final goods. Three categories of spending are included: education, health care, and R&D. • Gross investment in education per person (e) Real value added of private education industry (SIC: M) + Real government expenditures on education All divided by non-institutional population, 16-64. • Gross investment in health care per person (hc) Real value added of private health care (SIC: N) and social assistance industry (O) + Real government expenditures on health All divided by non-institutional population, 16-64. Investment in and depreciation of R&D are available in table 2.4, 1959-2004 R&D data, BEA. The investment of labor-augmented technology h is the sum of investment series of education, health care, and R&D.2 To calculate share of capital stock devoted to producing final goods v, we need to know capital stock used in the technology sector first. Here are a few places worth noticing: (1) Capital stock consists of fixed assets, consumption durables, and inventories. Since fixed assets are majority, I only count fixed assets used in technology sector. (2) Fixed assets mainly include equipment and structures. There are estimates of government structures in education and health care, but estimates of government equipment are not available in national accounts. Thus when computing government fixed assets used in education and health care, the ratio of government structures in education and health over total government structures is assumed to be close to the corresponding ratio of government fixed assets. (3) The capital expenditure on R&D for the U.S. is not publicly accessible. I use an OECD data to estimate shares of capital 2 A common concern is the double-counting of the intersection of R&D investments and education or health investments. Since only R&D investments by government and household sectors are accounted in NIPA, and compared with business R&D investments, their magnitude is small, I did not make further assumptions to separate them out.
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expenditure in total R&D expenditure, 3 and assume this is a good approximate for the U.S. The OECD collects capital expenditures on R&D for 36 countries.4 The data reveals capital expenditure shares from 1981 to 2004. For those before 1981, instead I use its simple average, 13%. When both R&D expenditure and shares of capital expenditure in R&D expenditure are available, I form a series of capital investment in R&D. Following [1], its initial stock K(0) is set to I(0)/(γi + δ), where I(0) is the initial investment, and γi is its average growth rate. Thus the share v can be inferred once K is known. • Capital stock in technology sector ((1 − v)K) Real gross stock of fixed assets in private education and health industries + Real gross stock of government fixed assets × share of gross stock of government structures in education and health + Real gross stock of capital used in R&D activities



Forming share of labor devoted to producing final goods u is similar. One thing worth noticing is that the number of employees in education and health care hired by government is unknown. Assuming that the cost structures of education and health care are similar in both private and public sectors, ratios of government expenditure over private output are close to employment ratios. The number of government employees in education and health care is inferred by this assumption. • Number of workers in the technology sector ((1 − u)L) Number of mathematicians and scientists + Full-time equivalent employees in private education and health industries ×(1+ ratio of government expenditure over private output)



Since non-institutional population, 16-64, is observable, its growth rate n can be computed directly. Per person consumption is gauged by the following formula, and γ is its average growth rate. • Consumption per person (c) 3 [3]



report an estimate of 9%, which is lower than our estimates. Their estimate seems based on data of France, Germany, Japan, the Netherlands, and the United Kingdom. 4 They include Argentina, Australia, Austria, Belgium, Switzerland, China, the Czech Republic, Germany, Denmark, Spain, Finland, France, the United Kingdom, Greece, Hungary, Ireland, Iceland, Israel, Italy, Japan, Korea, Luxembourg, Mexico, the Netherlands, Norway, Poland, Portugal, Romania, Russia, Singapore, Slovenia, the Slovak Republic, Sweden, Turkey, Chinese Taipei, and South Africa.
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GDP − Constructed investment in capital − Constructed government consumption All divided by non-institutional population, 16-64.
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