
ELSEVIER Economic Modelling 14 (1997) 341-367 

Economic 
Modelling 

Endogenizing technological progress: The 
MESEMET Model 

Peter  A .G.  van Bergeijk a'* , Gilbert  H.A.  van H a g e n  b, 
Ruud A. de Mooij c'd, Jarig van Sinderen a'd 

~ Economic Policy Directorate, Ministry of Economic,4ffairs, P.O. Box 20101, 2500 EC The 
Hague, The Netherlands 

b Center for Economic Research, Tilburg University, P.O. Box 9015, 5000 LE Tilberg, The 
Netherlands 

c Central Planning Bureau (CPB), P.O. Box 80510, 2508 GM The Hague, The Netherlands 
d Researeh Centre for Economic Policy (OCFEB), Erasmus University, P.O. Box 1738, 3000 DR 

Rotterdam, The Netherlands 

Accepted July 1996 

Abstract 

This paper endogenizes technology and human capital formation in the MESEM model that 
was developed by van Sinderen (Economic Modelling, 1993, 13, 285-300). Tax allowances for 
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effective instruments to stimulate economic growth. Simulations with respect to market 
clearing, the importance of supply-side elements and key parameters (such as the magnitude 
of spillovers and substitution elasticities) reveal that tax allowances for private R & D are 
the most robust instrument to increase economic growth through the accumulation of 
knowledge. Contrary to other studies that find that technology policies typically reduce 
employment, we find that overall employment rises. 
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1. Introduction 

The background to our analysis is both theoretical and empirical. The en- 
dogenous growth theory has shed some new light on the role of governments in 
fostering economic development. For example, unlike traditional neo-classical 
theory, the new growth theory shows that both human capital formation, policies to 
stimulate private R & D, and public investments in infrastructure are important 
engines of economic growth (Sala-i-Martin, 1990a,b). An important shortcoming of 
the new growth theory, however, is that progress has been mainly confined to 
theoretical improvement. Only few attempts have been made to empirically apply 
the new theories, while the available empirical evidence generally would seem to 
reject the hypothesis of constant returns to scale, which is a building block for 
endogenous growth models. This paper builds the insights from the new growth 
theory into an applied general equilibrium framework in order to investigate the 
impact of technology policies on macroeconomic variables in an empirically rele- 
vant setting. In particular, we endogenize technological progress and knowledge 
formation in the MESEM model that was developed by van Sinderen (1990, 1993). 
MESEM is an applied general equilibrium model for The Netherlands in which the 
supply side of the economy is an important determinant of long-term economic 
performance. 

MESEMET eleborates on the MacroEconomic Semi Equilibrium Model 
(MESEM) by extending it with Endogenous Technology. MESEMET is not an 
endogenous growth model because it features decreasing returns to scale with 
respect to the produced factors of production (endogenous growth models require 
at least constant returns). We follow this modelling strategy because the available 
empirical evidence does not support the hypothesis of increasing returns to scale 
(see Benhabib and Jovanovic, 1991; Barro and Sala-i-Martin, 1992; Mankiw et al., 
1992; and Maddison, 1995). In the MESEMET model, technology policies affect 
the supply side of the economy through their impact on the quality of labour 
(determined by the stock of human capital) and the quality of private physical 
capital (captured by the stock of public capital and the general stock of technology 
capital). The model also allows for various spillover effects due to technology 
policies. Through numerous channels these policies influence macroeconomic 
variables. 

An important contribution of this paper is to illustrate the macroeconomic 
consequences of technology policies in different institutional settings (or 
macroeconomic regimes). First, these economic regimes differ with respect to the 
degree of market clearing on the goods market. Secondly, they differ with respect 
to the role of supply-side elements (including spillovers). Thirdly, extensive sensitiv- 
ity analyses explore the nature of technology, i.e. the substitution possibilities 
between technology, knowledge and other factors of production. Our analysis 
illustrates that policies that directly influence private incentives to invest in human 
capital and technology are most likely to stimulate economic growth. Furthermore, 
we find that both public activities in the field of technology and education and 
policies that stimulate private R & D raise the overall level of employment. 
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The paper is organized as follows. Section 2 elaborates on the model and 
explains its main characteristics. The focus is on the new production structure, 
especially the formation of human capital. Section 3 discusses the parameterization 
of the model and the methodology concerning the sensitivity analysis. In particular, 
Section 3 explains the macroeconomic regimes approach that is essential to assess 
the robustness of our findings. Furthermore, it discusses the parameterization of 
key parameters in production and relationships that describe the formation of 
technological and human capital. Section 4 presents simulations for three policy 
instruments, i.e. public R & D expenditures, public education expenditures, and tax 
allowances for private R & D activities. Each of these simulations are carried out in 
four different economic regimes in order to assess the importance of technical 
assumptions related to market clearing and supply-side responses of the economy. 
In addition, Section 4 reports on extensive sensitivity analyses with respect to the 
parameters that pertain to technology. Section 5 summarizes and discusses the 
main findings. 

2. Main characteristics of  MESEMET 

MESEMET elaborates on the MacroEconomic Semi Equilibrium Model 
(MESEM) developed by van Sinderen (1990, 1993). MESEM attempts to bridge the 
gap between, on the one hand, applied general equilibrium models with a mi- 
croeconomic theoretical foundation and, on the other hand, the macroeconometric 
models typically applied in Dutch policy analysis and policy preparation. MESEM 
is generally being used at the Ministry of Economic Affairs to analyse the effects of 
tax and expenditure policies by the government on the supply side of the economy. 

The structure of MESEM is founded on microeconomic behaviour. A represen- 
tative firm maximizes profits under perfect competition. This yields the factor 
demand relations. The model distinguishes two types of households: entrepreneurs 
and employees, both of which maximize utility subject to a budget constraint. The 
utility function of employees has consumption and leisure as arguments. Their 
budget constraint ensures that labour income is entirely spent on consumption. By 
contrast, the utility function of entrepreneurs contains current and future con- 
sumption. Hence, they choose whether to consume or save. The income of 
entrepreneurs is determined by the yield on their earlier investments, i.e. capital 
income. Savings can be invested in two types of financial assets: risky shares or 
riskless bonds. The government in MESEM has access to labour and capital taxes 
to finance public expenditures. They include income transfers, civil servants' 
salaries, public consumption and public investments. 

By endogenizing technical progress and human capital, MESEM is enriched and 
complemented. Indeed, the extended model, MESEMET, offers a tool to explore 
the maeroeconomic effects of technology policies and to analyse the effects of 
taxation and public spending on human capital and technology. MESEMET covers 
three important new items compared with MESEM. First, the production block 
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contains a wider range of inputs than MESEM by including technology capital and 
human capital. Secondly, the export equation differs because it explicitly incor- 
porates technology variables. These represent a measure for the quality of domes- 
tic products vis-a-vis foreign products. Thirdly, the government in MESEMET has 
three new instruments: public R & D expenditures, expenditures on education, and 
tax-free allowances on private R & D activities. 

2.1. Production structure 

The extension of the production structure of MESEMET elaborates on the 
seminal study by den Butter and Wollmer (1992), who endogenized technological 
progress in a dynamic disequilibrium macreconometric model for The Netherlands. 
The production structure contains various nested constant elasticity of substitution 
(CES) functions representing the relationships between the inputs of a representa- 
tive firm and the corresponding output (see Fig. 1). The production tree in Fig. 1 
shows that the production capacity, Yp, is determined by the input of effective 
capital, Kerr, and the effective labour, Lef f. These intermediate inputs are not 
directly observed but are produced by other, observable inputs, such as the capital 
stock or hours worked. The production function exhibits constant returns to scale 
at all levels. 

The left-hand side of the production tree (Fig. 1) shows that combining labour, L 
(hours worked), and the stock of human capital, HC, yields effective labour, Leff. 
Human capital is a public good which is given to the individual firm. It represents 
the average stock of knowledge in society, embodied in all people in the work 
force. 

On the right-hand side of the production tree effective capital, Keff , is produced 
by combining the public capital stock, Kg (infrastructure and other public services 
that facilitate private production), and the stock of 'composite capital;', KT. The 
composite input, KT, is obtained by combining private physical capital, K, and 
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Fig. 1. MESEMET's production structure 
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technology capital, TC (all current production technologies embodied in the 
physical capital used in production). Finally, at the lowest level in the production 
tree, the stock of technology capital is produced by combining the private tech- 
nology stock, TCp (a stock of firm-specific blueprints and production technologies), 
with the public technology stock, TCg. The stock of public technology capital is the 
non-rival public stock of knowledge about production technologies. This knowledge 
is embodied in computers, machines and technological innovations from universi- 
ties and public research centres, and contributes to private sector production. 

Various inputs may be either substitutes or complements. This depends on the 
relative magnitude of the substitution elasticities between inputs in the production 
tree. For example, if the substitution elasticity between labour and human capital is 
relatively small compared with that between effective labour and effective capital, 
an exogenous increase in the stock of human capital may boost the demand for 
labour and reduce the demand for physical capital. In other words, human capital 
in this example is a better substitute for physical capital than for labour so that 
labour and human capital are complements. 

For the individual firm, prices of the various inputs and output, as well as the 
stocks of human capital, public physical capital and public technology capital, are 
exogeneously given. The representative firm determines its input choices through 
profit maximization in a perfectly competitive market. Accordingly, the firm 
equalizes the marginal product of each input to its producer price. Labour demand, 
the desired stock of private physical capital and the desired stock of private 
technology capital are thus determined by both the relative prices of the inputs and 
the public stocks of human capital, technology capital and productive government 
capital. 

2.Z Accumulation of human capital and spillovers from R & D and investments 

Human capital is considered to be a public good. Hence, individual firms or 
households have no incentive to invest in human capital. Nevertheless, the stock of 
knowledge can grow as a result of private activities because they cause spillover 
effects on human capital. In particular, by working with new machines, computers, 
communication systems, complex capital goods, etc. workers acquire new skills that 
contribute to their productivity. These new technologies from other domestic 
industries or from abroad are often embodied in new capital goods. Hence, 
investment in physical capital, Ip, exerts a positive external learning-by-doing 
effect, thereby raising the stock of human capital (Romer, 1986; and Rebelo, 1991). 
bearning can also take place by designing. Private R & D activities, RDp, which 
firms undertake in order to develop more efficient production technologies or new 
products may, as a side-effect, increase the knowledge of the employees in the firm. 
In a similar way, the government can also enlarge the stock of human capital by 
investing in public R & D, RDg, or by increasing expenditures on education, Eg. 
Moreover, as Schultz (1961) pointed out in his seminal article, taxation tends to 
discriminate against human capital: "Although the stock of such [human] capital 
has become large and even though it is obvious that human capital, like other 
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forms of reproducable capital, depreciates, becomes obsolete, and entails mainte- 
nance, our tax laws are all but blind of these matters." In general equilibrium 
analyses, higher marginal tax rates on labour, T,., have been shown to act as a 
negative incentive to invest in human capital (see, for example, Blinder and Weiss, 
1976; Davies and Whalley, 1989; Perroni, 1995; and Trostel, 1993). Hence, we 
postulate the accumulation of human capital as 

/"t"C = O(1/"Ic_ 1 °t" O~2i p "Jr-o~3R/) p q-ot '4g/~g " l -O/Sing-  o~6T / . (2.1) 

23. Technology capital 

Technology capital accumulates with the amount of R & D efforts, i.e. RDp and 
RDg for private and public technology capital, respectively. Private R & D is 
assumed to be a continuous variable input. Its price is determined by the level of 
wage costs, capital costs and a tax allowance for R & D (which has similar effects as 
a subsidy): 

Tcv = ~:?ce_, + &l@~o. (2.2) 

2.4. International trade in goods and services 

Exports, B, depend on world trade, Mw, and on the relative export price, Pf. In 
addition, international competitiveness is influenced by relative stocks of tech- 
nology capital, R/C, and human capital, RHC. In particular, product or process 
innovations are often successful in improving the price/quality ratio (Griliches, 
1979, p. 97). In macroeconomic models this effect is traditionally modelled by 
including growth in production capacity or relative investments as an explanatory 
variable in the export equation (see, for example, Brakman, 1991). The rationale is 
that when a country has a relatively high-investment ratio or high capacity growth, 
it will also use modern production methods, which will give it a comparative 
advantage. In an econometric analysis of the export performance of 41 Dutch 
sectors in the years 1983-1988, Brouwer and Kleinknecht (1993) find that net 
exports are significantly influenced by investment per worker. These are inter- 
preted as an indicator for the adoption of technological knowledge embodied in 
new capital goods. Since we have explicitly modelled the stocks of technology 
capital and human capital, we allow improvements in these stocks to have an 
impact on the competitiveness of the Dutch economy (see also den Butter and van 
Zijp, 1995). Van Hulst and Soete (1989), for example, find that the relative 
investments in R & D and relative patenting activity of Dutch manufacturing 
sectors compared with their foreign competitors is strongly connected to relative 
export performance: 

/~ =/I,Iw + 3 , , ( / i f - /~)  + 3,2Ra/C + 3,3R/-JrC. (2.3) 
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The relative innovative position is measured by the domestic stock of technology 
capital compared with the stocks of technology capital in foreign countries, Tcf, 
which are given exogenously: R/C = TC / Tc e. In addition to innovative compara- 
tive advantage, an improvement in the relative stock of human capital, RHC = 
Hc/Hcf, exerts a positive effect on exports, where Hcf is the exogenous stock of 
human capital in foreign countries. The relative stock of domestic knowledge is 
added to the export equation because not all quality improvements are the result 
of a specific R & D effort (as measured by R/C). Learning by doing and, more 
generally, the level of education of the labour force will also have a positive effect 
on the range and quality of the products produced. 

3. Macroeconomic regimes and parameterization 

MESEMET is parameterized for the Dutch economy in 1992, the most recent 
year for which reliable data are available. Details are given in Van Sinderen (1993) 
and Ministry of Economic Affairs (1995a,b). Sensitivity analysis is employed on two 
aspects: the macroeconomic regime and a number of key parameters in the 
production function. 

First, for a good understanding of the impact of technology on the economy it is 
important to examine this and related issues in different theoretical macroeconomic 
contexts. Accordingly, we can discover different links between technological and 
economic variables and test the robustness of quantitative findings in different 
macroeconomic settings. For example, this paper distinguishes four macroeconomic 
regimes in which each policy experiment is run several times. The regimes differ 
with respect to the degree of hysteresis on the product market, i.e. the extent to 
which markets clear and the presence of supply-side elements and spillovers. 
Subsection 3.1 discusses the theoretical underpinnings of the regimes approach. 

Secondly, the parameterization of certain key parameters, especially those re- 
lated to technology, has to deal with certain problems. This is either because the 
evidence is contradictory or because no evidence is available at all. Furthermore, 
statistical testing is difficult in an applied general equilibrium model. In this paper 
we seek solutions for these problems in two ways. First, we use a linearized version 
of the model which allows us to economize on the number of parameters that need 
to be calibrated. This however, means that only small relative changes in ex- 
ogenous variables can be studied with the model. Secondly, sensitivity analyses on 
key parameters are employed to determine the robustness of the policy prescrip- 
tions of the model. The parameterization of the key parameters is discussed in 
Subsection 3.2. 

l Imports (M) depend on the growth of private production (Yp) and on the ratio of domestic to foreign 
prices. Analogous to the specification of the export equation, we could also include the relative stocks of 
technological and human capital as possible determinants of imports. However, much less is known 
about the expected signs. Besides, the available empirical evidence is inconclusive. Hence, we assume 
that the relative stocks of technology and human capital have no effect on imports. 
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3.1. Macroeconomic regimes 

The MESEMET framework allows for the investigation of the impact of tech- 
nology and economic policies in different institutional settings. This investigation is 
relevant both from a theoretical and from a policy point of view. The actual impact 
of a policy depends on the macroeconomic regime. For example, is the economy 
characterized by a Walrasian equilibrium, classical unemployment or Keynesian 
unemployment? Importantly, The Netherlands is embarking on a course that aims 
to strengthen the supply side of the economy and to improve the functioning of the 
market mechanism. Given the uncertainty with respect to the economic structure 
that will prevail in the medium term it is important to investigate technology 
policies in different regimes (see van Bergeijk and Haffner, 1996). Four regimes 
will be discerned depending on the slowness of price adjustment (i.e. hysteresis) 
and the importance of supply-side elements (Table 1). First, in the original 
MESEMET version (in the lower left part of Table 1), both product and labour 
markets clear, while both supply and demand effects are taken into account. 

Secondly, we allow for the possibility of separating the demand effects from the 
supply effects. This is done by running a simulation with the model in which 
parameters characterizing supply-side elements and spillovers are set equal to zero. 
Switching off the supply effects, so to say, results in a more or less demand-driven 
equilibrium model (the upper left part of Table 1). 

Thirdly, the institutional setting of market clearing on the product market can be 
changed by introducing market inertia. This results in the model versions on the 
right-hand part of Table 1. The importance of market inertia (or hysteresis) in the 
model is captured by the so-called product market inertia criterion (PMIC) (el. van 
Bergeijk et al., 1993). z The version of the model with product market inertia seems 

Table 1 
The four regimes of MESEMET 

Market clearing Market inertia 

No supply side elements 

With supply-side elements 
(incl. spiilovers) 

Short-term neo- New Keynesian 
classical model (SN) model (NK) 

MESEMET original Empirically 
relevant 
context (ER) 

2 By definition the PMIC lies between 0% and 100%. In the case of complete hysteresis (PMIC = 100%) 
neither excess capacity nor excess demand influences the rate of inflation (van Bergeijk and Haffner, 
1996). As a result, demand and supply on the goods markets may not equilibrate by means of price 
adjustment because a central feature of the price mechanism is absent. In contrast, if changes in 
capacity utilization do not influence price adjustment at all while the level of capacity utilization does, 
then hysteresis is virtually absent. The PMIC now reaches its 0% floor. Adjustment is rapid as excess 
capacity induces price decreases and excess demand generates price increases. 
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to be more in line with most empirical evidence, at least for The Netherlands for 
the short and medium terms (Haffner and van Bergeijk, 1994). Product market 
inertia can be implemented in both the demand oriented equilibrium model (upper 
part of Table 1) and the model including supply-side elements (lower part). 

An important implication of this 'regimes-approach' is that we no longer a priori 
consider one particular version of the MESEMET model as 'true'. Instead, we 
explore the effects of various policies in different institutional settings. Thus, we 
can get a better insight into the robustness of our findings and into the relevance 
of, on the one hand, supply and demand effects of policies and, on the other hand, 
inflexibility of markets (or market inertia) on economic and technological processes 

3.2. Key parameters 

The technological parameters have been derived from the literature and are 
generally based on recent empirical (econometric) studies. Some of these parame- 
ters are guesstimates and subjected to sensitivity analysis. Empirical estimates for 
the Dutch elasticity of substitution between raw labour and human capital by Broer 
and Jansen (1989) and Hebbink (1991) confirm that (in comparison with aggregate 
labour and capital), raw labour and human capital are poor substitutes. Accord- 
ingly, we set the elasticity of substitution between raw labour and human capital at 
0.55. (This is smaller than the elasticity between effective labour and capital, which 
is 1.0.) The former elasticity is varied between 0.3 and 0.8 in the sensitivity analysis. 

Technology and physical capital are expected to be complementary inputs. The 
application of newly acquired technological knowledge usually requires some form 
of investment, i.e. in new machinery and equipment. In a sectoral investigation of 
the Italian economy, Evangelista (1994) finds that high-tech sectors such as 
aerospace, telecommunications and office machines are characterized by high 
levels of both R & D and investment. Several other sectors, however, show a 
different pattern, with either high levels of R & D and low levels of investment (for 
example, rubber and plastics, textile and general machinery) or high levels of 
investments and low levels of R & D (for example, food, chemicals and energy). In 
general, empirical evidence suggests that, in the long run, physical and R & D 
capital are complementary but substitutes for labour, whereas in the short run the 
evidence is mixed (Shah, 1994). In MESEMET, the substitution elasticity between 
technology capital and private physical capital is 0.7. Sensitivity analysis explores 
the consequences of both lower (0.2) and higher values (1.5). 

The substitution possibilities between private and public technology capital, is 
from a theoretical point of view, similar to the relationship between private and 
public investments. Public R & D should be directed at (basic) research activities 
that, due to market failures, are not sufficiently undertaken in the market sector. A 
small elasticity would therefore be expected. Indeed, the distributions of public and 
private R& D expenditures differ considerably. Whereas public R & D in The 
Netherlands is mostly directed at basic and applied research (30% and 60%, 
respectively), private R & D outlays are predominantly directed at experimental 
development (about 60%). We set the substitution elasticity between private and 
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public technology capital at 0.5 in the base run and vary this elasticity from 0.2 to 
1.5 in the sensitivity analysis. 

3.3. Determination of spillovers 

Human capital in our model is accumulated through education and spillovers 
from private and public R & D, and private investments. The long-run elasticity 
between human capital and each of these determinants is set equal to its relative 
expenditure share times its marginal productivity. 

Table 2 shows gross expenditures with respect to education, public R & D, 
private R & D and private investment (column (1)) and their respective shares in 
total outlays with respect to the formation of human capital (column (2)). Rela- 
tively little, however, is known about the marginal effect of these expenditures on 
the productivity of individuals (Miller, 1994). 3 The third column of Table 2 presents 
our guesstimates for the relative productivity of the four expenditure categories in 
terms of human capital formation. First, because of their public nature, educatio- 
nal and public R & D expenditures are expected to have a high payoff in terms of 
human capital accumulation. Schooling facilities and scientific knowledge are open 
to many people. Private R & D and investment probably have smaller spillover 
effects. In fact, firms and individuals can be expected to keep spillovers to others 
small, so as to attain a greater proportion of the benefits of the newly acquired 
knowledge. Since R & D activities are primarily directed at acquiring additional 
(technological) knowledge, whereas investments are not, the expected marginal 
spillover effect on human capital from investment is in turn smaller than that of 
private R & D. All in all, we assume that additional public expenditures generate 
three times as much human capital as private R & D, while private R & D is twice 
as productive as investment in terms of human capital formation. The final column 

Table 2 
Determination of long-run elasticities with respect to human capital 

Gross expenditures Marginal Implied 
(billions of Share productivity elasticity 

Determinants guilders) (%) index a Product (rounded) 
of human capital (1) (2) (3) (4) = (2)* (3) (5) 

Education 15 16 3 48 0.45 
Public R & D 5 5.5 3 17 0.15 
Private R & D 6 6.5 1 7 0.05 
Private investment 65.5 72 0.5 36 0.35 

Totals 91.5 100 108 1 

aprivate R& D is set equal to 1. 

3Our model, however, does not seem to be very sensitive with respect to this question. A doubling of the 
effects of education has only a minor impact on the simulation results (see van Hagen et al., 1995). 
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in Table 2 shows the (long-run) elasticities between human capital and education, 
public R & D, private R & D and private investment, respectively. These are the 
results of combining the observable shares and the guesstimates of the marginal 
productivities. 

3.4. Export equation 

A number of studies have shown the importance of a country's relative techno- 
logical position for competitiveness (Brouwer and Kleinknecht, 1993; Magnier and 
Toujas-Bernate, 1994; Fagerberg, 1994; den Butter and van Zijp, 1995). Although 
these studies do not provide sufficiently clear results for unambiguously establish- 
ing the export elasticity with respect to the relative innovative position, they show 
that this elasticity is positive and significant. With respect to the export elasticity of 
relative human capital it is possible to deduce a parameter value with a bit more 
confidence. Reininga (1994) investigates macroeconomic and sectoral wage differ- 
entials in The Netherlands in order to estimate the human capital content of 
exported goods and services. Both at the macroeconomic and at the sectoral levels 
he finds that the share of human capital in the production of export goods is 0.4. 
Hence we put the export elasticity of relative human capital at 0.4. In our 
simulation we will use a value of 0.6 for the export elasticity with respect to the 
relative innovative position. 

4. Simulations and sensitivity analysis 

To illustrate the working of the model and the relevance of endogenous 
technology, this section presents some simulation results with MESEMET. We 
look at three policy experiments where an increase in expenditures is financed by 
an increase in public debt in order to balance the government budget ex post. 
Foreign countries are assumed not to respond to Dutch policies. The simulations 
are based on: 

• a rise in public R & D expenditures of 0.1% NI (i.e. approximately 470 million 
guilders in 1992 prices); 

• a rise in public expenditures on education of 0.1% NI; 
• a tax-free allowance on private R & D by 0.1% NI. 

The long-run solutions are presented in Table 3. The time-path for most 
variables is rather smooth. However, for some variables some sort of overshooting 
in the medium term can occur. For example, a rise in education affects wages, 
especially in the medium term, but these effects are mitigated in the long run. To 
obtain insight in the robustness of the findings with MESEMET, we employ a 
twofold sensitivity analysis. This sensitivity analysis gives us important information 
about specific mechanisms through which the economy is affected in our model. 
First, the robustness of the MESEMET simulations is tested with respect to the 
macroeconomic regime. In particular, we explore the consequences of the three 
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Table 3 
Long-run economic effects of four policy simulations with MESEMET 

Public 
Public R & D education 
(0.1% NI) (0.1% NI) 

R & D subsidy 
(0.1% NI) 

Private employment 0.0 - 0.1 0.0 
Overall employment 0.1 0.1 0.0 
Production 0.7 0.3 0.5 
Real after-tax wage rate 0.6 0.3 0.4 
Private consumption 0.2 0.1 0.3 
Stock of human capital 1.3 1.2 0.3 
Stock of technology capital 2.2 - 0.5 4.3 
Stock of physical capital - 0.5 - 0.8 0.1 
Imports 0.7 0.1 1.0 
Exports 1.6 0.7 1.5 

policy simulations in the four different regimes discussed in Section 3, i.e. with and 
without supply-side elements and with rigid or with flexible markets (see Table 4, 
parts (a)-(c)). Secondly, the sensitivity of the simulation results with respect to 
parameters in the production structure is tested (see Table 5, parts (a)-(c)). 

4.1. Simulations 

4.1.1. Public R& D 
The first column of Table 3 illustrates the effects of an increase in public 

expenditures on R & D by 0.1% NI in the MESEMET model. This impulse raises 
the stock of technology capital by 2.2%, and (through its spillover effect on human 
knowledge) it also boosts the stock of human capital by about 1.3%. The larger 
stocks of technology capital and human capital expand the production capacity 
(thereby raising private production by 0.7%) and secondly, exports rise by 1.6% 
because of the associated improvements in the relative innovative position (R/C) 
and the relative stock of human capital (RHC) of the Dutch economy compared 
with foreign competitors. Private consumption rises by about 0.2% as households 
experience an increase in disposable income, mainly because of higher wages. 
Table 3 also reveals that the larger stocks of human and technology capital crowd 
out private investments in physical capital: the stock of private physical capital falls 
by about 0.5%. Employment, however, hardly changes when knowledge and tech- 
nology capital increase. In particular, although private employment remains ap- 
proximately constant, overall employment rises by about 0.1% in the long run 
because of additional labour demand by the government (mainly consisting of 
additional researchers). The reason for the small effect on employment is that the 
wage elasticity of labour supply is rather small. 

4.1.2. Public education 
The second column of Table 3 shows that a rise in public expenditures on 

education in MESEMET by 0.1% NI boosts the stock of human capital by 1.2%. 
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The larger stock of human capital crowds out private R & D expenditures and 
private investments in physical capital. Accordingly, the stocks of technology 
capital and physical capital fall by 0.5% and 0.8%, respectively. Hence, technology 
capital and physical capital are net substitutes for human capital. Labour, however, 
is more complementary to human capital: although private employment slightly 
falls by 0.1%, overall employment rises by 0.1% since more people are working in 
the public education sector. 

The fall in the stocks of physical and technology capital exert a negative impact 
on human capital through their adverse spillover effects. Indeed, the stock of 
human capital expands even less than in the case of a rise in public R & D 
expenditures (compare the first and second column of Table 3). Consequently, the 
effects on exports, private production and consumption are also smaller than in 
case of a rise in public R & D. However, these effects are still positive. 

4.1.3. Tax exemptions on private R & D 
If the government reduces the market price of private R & D expenditures 

through a specific tax exemption, then the stock of technology capital expands by 
more than 4% due to the additional private R & D (see third column of Table 3). 
The spillover effect of private R & D on the stock of human capital, however, is 
rather small: private R & D contributes to a lesser extent to the general stock of 
knowledge than either public R & D or education. Hence, this policy simulation 
shows a minor expansion only of the stock of human capital (0.3%). The rise in the 
stock of technology capital leaves private investment in physical capital and 
employment almost unchanged, but increases production by 0.5% and exports by 
1.5%. The simulation is most successful in terms of private consumption which 
rises by 0.3%. 

4.2. Sensitivity analysis 

This subsection discusses the robustness of the MESEMET findings with respect 
to two aspects of the model. We start with the sensitivity with respect to the 
macroeconomic regime. This simulation with respect to the regimes helps us to 
better understand the model, to find out which general assumptions about the 
(macro) economic system are important and to discover which policies are robust 
with respect to these general assumptions. Next we discuss the sensitivity with 
respect to some key parameters in the production function. The sensitivity analyses 
are very relevant for policy-makers. The potential effectiveness of instruments 
depends on substitution elasticities that are not accurately known. For example, an 
increase in public R & D appears to crowd out private R & D to some extent and 
so a policy-maker needs good information on the exact value of the elasticity 
between physical capital and technology capital. In this sense the simulations may 
help policy-makers to be aware of their implicit assumptions concerning key 
parameter values and the prevalent regime and/or  the need to have empirical 
investigations and evaluations relating to the environment in which their instru- 
ments are put to work. All simulation results should be interpreted with caution. 
They do not present exact estimates of the consequences of specific contemplated 
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policy measures, but are aimed at obtaining a better understanding of the model. 
In particular, policy measures affect the economic variables through many different 
channels. Some of these channels may be positive while others are negative. The 
parameterization of the model provides some empirical information on the relative 
importance of these channels. Accordingly, the simulated overall effects of policy 
measures on the economy depend on both the structure of the model and the 
specific parameter values chosen. 

4.2.1. The macroeeonomic regime 
In Tables 4, parts (a)-(c), we present the simulations of the three policy 

experiments in four versions of the model. First, the MESEMET results are 
compared with the regime in which the product market is rigid, rather than 
flexible. This is referred to as the empirically relevant model (ER model). Indeed, 
in reality the Dutch economy is characterized by serious market imperfections on 
the product market (van Bergeijk and Haffner, 1996). The simulation results with 
the ER model are presented in the second column of parts (a)-(c) of Table 4. 
Comparing these ER model outcomes with the base version of MESEMET 
(presented in the first column of Table 4, parts (a)-(c) we find that the effects of 
various policy measures differ only slightly. 

The effects of the various policy measures seem to be rather more promising in 
the model with flexible markets (MESEMET). For example, an increase of 0.1% 
NI in public R & D raises production in MESEMET by about 0.7%, while in the 
ER model this is 0.5%. The more favourable economic effect originates mainly 
from a larger boost in exports in MESEMET. 

Overall, we conclude that the MESEMET outcomes are quite robust with 
respect to the assumptions relating to the flexibility of the goods market, although 
the effects of policy measures seem to be more promising in a market that is 
characterized by flexibility, rather than rigidities. Hence, as a side product our 
analysis supports the view that competition makes technology policy more effective. 

The third macroeconomic regime is called the short-term neo-classical model 
(SN model) as it abstracts from various supply-side elements (including spillovers). 
The simulations with the SN model are presented in the third column of Table 4, 
parts (a)-(c). We find that outcomes of the model are highly sensitive to the 
supply-side elements. In particular, the various policy measures are in general less 
effective in stimulating economic activity if the supply-side elements are not 
included (the rise in public expenditure on education in the SN model is the 
exception). Indeed, tax exemptions on private R & D hardly exert any effect on the 
economy in the SN model, while they are very effective if supply-side elements are 
taken into account. Hence, one important finding is that neglecting these supply- 
side elements may dramatically underestimate the effectiveness of several policy 
instruments. 

In addition, the sensitivity analysis shows that our findings with MESEMET are 
rather sensitive with respect to the parameter choices representing these supply-side 
elements. Although some of these parameters are based on sound empirical 
evidence (for example, the labour supply elasticity, substitution elasticities in the 
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Table 4 

M E S E M E T  ER SN model New Keynesian 

(a) Effects of  a rise in public R & D expenditures of  0.1% NI in four macroeconomic regimes 
Private employment  0.0 0.0 - 0.2 - 0.2 
Total employment  0.1 0.1 0.0 0.0 
Production 0.7 0.5 0.2 0.1 
Real after-tax wage rate 0.6 0.5 0.1 0.1 
Private consumption 0.2 0.2 0.1 0.0 
Stock human  capital 1.3 1.3 0.0 0.0 
Stock technology capital 2.2 2.2 2.5 2.5 
Stock physical capital - 0.5 - 0.6 - 0.1 - 0.1 
Imports  0.7 0.7 0.1 0.0 
Exports 1.6 1.3 0.3 0.1 

(b) Effects of  a rise in public education of 0.1% NI in four macroeconomic regimes 
Private employment  - 0.1 - 0.1 - 0.1 - 0.1 
Total employment  0.1 0.1 0.0 0.0 
Production 0.3 0.3 0.8 0.2 
Real after-tax wage rate 0.3 0.3 0.8 0.7 
Private consumption 0.1 0.0 0.0 0.0 
Stock human  capital 1.2 ! .2 3.3 3.3 
Stock technology capital - 0.5 - 0.5 - 1.3 - 1.4 
Stock physical capital - 0.8 - 0.9 - 2.4 - 2.6 
Imports 0.1 0.0 0.1 0.1 
Exports 0.7 0.3 1.9 0.8 

(c) Effects of  a rise in R & D subsidies of  0.1% NI in four macroeconomic regimes 
Private employment  0.0 0.0 0.0 0.0 
Total employment  0.0 0.0 0.0 0.0 
Production 0.5 0.6 0.3 0.1 
Real after-tax wage rate 0.4 0.4 0.1 0.0 
Private consumption 0.3 0.3 0.0 0.0 
Stock human  capital 0.3 0.3 0.0 0.0 
Stock technology capital 4.3 4.3 4.2 4.1 
Stock physical capital 0.1 0.1 - 0.3 - 0.3 
Imports 1.0 1.0 0.1 0.0 
Exports 1.5 1.5 0.5 0.2 

production structure) others are guesstimates because such empirical evidence is 
presently not available (i.e. technology parameters, the magnitude of spillovers). 
For instance, the importance of the external effects of R & D and investment for 
human capital are very important for the effectiveness of technology policies 
although it is difficult to determine the numerical values of such spillovers. 

Neglecting spillover effects on human capital does not necessarily imply that a 
policy measure is less effective than with such spillovers. To illustrate, consider 
part (b) of Table 4 which presents the effects of a rise in public education. By 
comparing the first and third rows of the table, we can investigate the sensitivity of 
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MESEMET with respect to the spillovers in human capital formation. In the SN 
model, the rise in public education raises the stock of human capital by 3.3%. As 
discussed above, this crowds out private R & D and private investment. Whereas 
MESEMET incorporates the adverse spillovers of this crowding-out effect on 
human capital, they are not taken into account in the SN model. Accordingly, the 
fall in private R & D and private investment leaves human capital in the SN model 
unaffected while it reduces knowledge in MESEMET. Hence, human capital in the 
SN model rises much more (3.3%) than in MESEMET (1.2%) while this is 
associated with a larger drop in the stocks of technology capital ( -0 .5% in 
MESEMET and -1.6% in the SN model) and physical capital ( -0 .8% in ME- 
SEMET and - 3.0% in the SN model). On balance, the SN model suggests a larger 
increase in private production and real after-tax wages than MESEMET does. 

The final columns of Table 4, parts (a)-(c), present the simulation results with 
the so-called new Keynesian model (NK model). This model does not incorporate 
supply-side elements and features price rigidities in the product market. Because 
the NK model shows very similar effects to the SN model, we will not discuss the 
NK findings in detail. 

Overall, we may conclude that the effects of the three policy experiments are not 
very sensitive to market distortions such as price rigidities. Policies work better in 
the regime with flexible markets, but they do not work differently. The policies, 
however, appear to be sensitive with respect to the supply-side elements. This is 
especially true for production, exports, imports, wages and the stock of human 
capital. The effects on employment (although small) are also quite robust with 
respect to the supply-side elements. 4 

4.2.2. Technology parameters 
In Table 5, parts (a)-(c), we analyse the sensitivity of MESEMET with respect to 

the key parameters in the production function. In particular, Table 5 presents the 
simulation results if the Allen elasticities of substitution between human capital 
and labour ( a  t) technology capital and physical capital (o-k), and between private 
and public technology capital (tr,) are set both lower and higher than their value in 
the base version of MESEMET. 

To start with, the second and third columns of Table 5, part (a), show the 
sensitivity of the impact of public R & D with respect to the substitution elasticity 
between labour and human capital. They reveal that the effect of a rise in public 
R & D on the stocks of human capital and technology capital is rather sensitive to 
this parameter. Whereas the base version of MESEMET yields a rise in technology 
capital of 2.2%, the sensitivity analysis shows an increase of only 1.6% if human 
capital and labour are poorer substitutes. Technology capital rises by 2.6% if 
human capital and labour are better substitutes. Intuitively, this elasticity de- 
termines the crowding-out effect of additional human capital on private R & D 

4Note, however, that the assumption that the labour market clears in the long run and the small wage 
elasticity of labour supply are responsible for this conclusion. Van Hagen et al. (1995) discuss some 
further sensitivity analyses of labour-market parameters in the case of public expenditures on education. 
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Table 5 

trk 

MESEMET 0.3 0.8 0.2 1.5 0.2 1.5 

(a) Effects of a rise in public R & D with 0.1% NI with different 
parameterizat ions of the production structure 

Employment  0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Production 0.7 0.2 1.0 0.4 0.8 0.9 0.5 

Real wage 0.6 0.7 0.5 0.4 0.7 0.8 0.4 

Technology capital 2.2 1.6 2.6 0.5 3.5 4.2 0.6 

Human capital 1.3 0.9 1.6 1.2 1.4 1.5 1.2 

Physical capital - 0.5 - 1.7 0.3 - 0.6 - 0.5 - 0.5 - 0.6 

(b) Effects of a rise in public education with 0.1% NI with different 
parameterizat ions of the production structure 

Employment  0.1 0.0 0.1 0.1 0.1 0.1 0.1 

Production 0.3 - 0.1 0.6 0.3 0.3 0.3 0.3 

Real wage 0.3 0.3 0.3 0.3 0.4 0.3 0.3 

Technology capital - 0.5 - 1.0 - 0.1 - 0.7 - 0.3 - 0.3 - 0.6 

Human capital 1.2 0.8 1.5 1.2 1.2 1.2 1.2 

Physical capital - 0.8 - 1.9 - 0.1 - 0.8 - 0.8 - 0.8 - 0.8 

(c) Effects of a rise in subsidies on private R & D with 0.1% NI with different 
parameterizat ions of the production structure 

Employment  0.1 0.1 0.1 0.1 0.1 0.0 0.1 

Production 0.5 0.4 0.6 0.4 0.6 0.4 0.7 

Real wage 0.4 0.4 0.4 0.3 0.4 0.3 0.5 

Technology capital 4.3 4.2 4.4 3.4 4.5 3.1 5.2 

Human capital 0.3 0.2 0.4 0.2 0.3 0.2 0.4 

Physical capital 0.1 - 0.1 0.3 0.1 0.1 0.1 0.2 

Note: In MESEMET we have tr t = 0.55, tr k = 0.7 and tr t = 0.5. 

expenditures. If tr t is smaller, then capital is a better substitute for human capital 
than labour. Hence, the stock of capital (including technology capital) falls more, 
thereby also adversely affecting private production. However, if o- t becomes larger 
compared with capital, then labour is much better substitute for human capital. 
Hence, whereas private employment falls (although slightly and not visibly in our 
rounded figures), the stock of technology capital is boosted more substantially, 
thereby also raising production. The effects on production lie in the range between 
0.2% and 1.0% for different parameter values. Although this range is rather broad, 
the effects on production appear to be typically positive. 

The second important elasticity is that between physical capital and technology 
capital (ok). A rise in public R & D is much more effective in raising the stock of 
technology capital if this elasticity is large. If producers find its easier to substitute 
physical capital, rather than private technology capital, for public technology 
capital, public R & D will exert a much smaller crowding-out effect on private 
R & D. Consequently, the drop in private R & D will be much smaller. A large 
value of tr~ thus implies that technology capital rises more, thereby also implying a 
larger increase in production. In particular, whereas MESEMET finds an increase 
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in production of 0.7%, the range of different values for trg lies between 0.4% and 
0.8%. The elasticity between private and public technology capital also has impor- 
tant consequences for the simulation results (see the sixth and seventh column of 
Table 5, parts (a)-(c). Indeed, if private and public technology capital are poor 
substitutes (i.e. tr t is small), a rise in public R & D will not crowd out private 
R & D. Hence, in that case the stock of technology capital will expand to a larger 
extent, thereby also imposing a larger increase in production. The range for 
production is between 0.5% and 0.9%. 

From Table 5, part (b), we see that the effects of a rise in education are rather 
robust with respect to variations in o- k and o-, However, the effects of public 
education are very sensitive with respect to the substitution elasticity between 
labour and human capital. Indeed, if labour and human capital are very poor 
substitutes (i.e. o'~ = 0.3), output falls by 0.1%, while in MESEMET it rises by 
about 0.3%. This is because the rise in human capital exerts a more substantial 
crowding-out effect on private R & D and investment in physical capital since these 
inputs are much better substitutes for human capital than labour is. The reductions 
in technology capital and physical capital are responsible for the fall in output. 
However, if labour is a better substitute for human capital than it is in MESEMET 
(o- t = 0.8), then output rises by 0.6%. Indeed, the crowding-out effect on invest- 
ment and R & D  is reduced to 0.1%. The simulation results of a rise in tax 
exemptions on private R & D are rather robust with respect to the substitution 
elasticity between labour and human capital (Table 5, part (c)). Changes in the 
other two elasticities cause larger changes in the results. Nevertheless, the conse- 
quences of tax exemptions on private R & D turn out to be less sensitive with 
respect to the substitution elasticities than publicly provided R & D and education. 
Indeed, whereas these latter have the risk of crowding out private investments in 
capital or R & D, tax-free allowances on private R & D typically stimulate these 
private investments. Hence, there is less risk of a crowding-out effect. The stock of 
technology capital is sensitive to the substitution elasticities between technology 
and physical capital and between private and public technology capital. The easier 
producers find it to substitute private technology capital for other inputs (i.e. the 
larger o- k and ~),  the more effective tax-free allowances on R & D  are in 
stimulating the stock of technology capital and the production capacity. 

An important finding from Table 5 is that the effect of technology policies on 
private employment is rather insensitive to changes in production function parame- 
ters. Indeed, the effects on total employment is positive but very small in most 
simulations. Other variables in MESEMET are sometimes rather sensitive with 
respect to the values of key parameters in the production structure. However, the 
signs of the simulations with MESEMET are robust. In particular, technology 
policy, either through public R & D activities or by exempting part of private 
R & D from taxation, is a very attractive policy option for increasing economic 
growth in all simulations. Public education, although less effective, may also be 
favourable for economic growth. 
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5. Discuss ion 

This study endogenizes technological progress and human capital formation in 
an applied general equilibrium model in an attempt to analyse the (in)direct 
relationships between economic policy and technology in The Netherlands. An 
important caveat is that the focus of the analysis for practical matters is on 
national policies and ignores potential public and private activity in other countries 
which, in any case, are hard to predict. However, if foreign R & D and human 
capital increase, this may constitute an important argument for active government 
involvement in public and domestic R & D. 

Table 6 summarizes the three policy simulations, reporting the ranges of our 
findings in the twofold sensitivity analysis. The first message that the tables conveys 
is one of substantial indeterminacy. Indeed, our assessment of these exercises is a 
modest one. Owing to both data deficiencies and the fact that no full agreement 
has yet emerged among economists about either the potential relevance or the 
actual empirical impact of (endogenous) technological progress, our findings by 
definition suffer from many uncertainties. This is shown by the rather substantial 
differences between the lower and upper bounds of the reported estimates. 

The second conclusion from our analysis is that technology policy that directly 
affects private behaviour is less sensitive to the parameters in the model. Since 
public activities might crowd out private investments, stimulating private invest- 
ments in R & D enhances economic performance with a larger probability than 
public activities 

Thus, endogenizing technological progress in an empirically relevant context 
turns out to be important. This is illustrated by the fact that the extensive 

Table 6 
Summary table of the ranges of the impact of four policy instruments (policy shocks of 0.1% NI, 
minimum and maximum long-run percentage deviations from the base run for four macroeconomic 
regimes and different values of the Allen elasticities of substitution) 

Public Public Private 
R & D education R & D 

Total employment 0.0/0.1 0.0.0.1 0.0/0.1 
Production 0.2/1.0 - 0.1/0.8 0.1/0.7 
Real after tax wage rate 0.1/0.8 0.3/0.8 0.0/0.5 
Stocks of 
• human capital 0.0/1.6 0.8/3.3 0.0/0.4 
• technology capital 0.5/4.2 - 0.1 / - 1.4 3.1/5.2 
• physical capital - 1.7/0.3 - 2 . 6 / -  0.1 -0 .3 /0 .3  

Sources: Tables 4 and 5. 
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simulations both with respect to the macroeconomic regime and the technology 
parameters allow us unambiguously to determine the signs of the reported effects 
in most cases. Admittedly, in the case of increased expenditures on public educa- 
tion we cannot determine the sign of the multiplier with respect to production, and 
likewise we find contradictory movements in the physical capital stock when R & D 
expenditures (both public and private) change. In the other cases, however, we can 
determine the sign of the multipliers within the framework of the twofold sensitiv- 
ity analysis of the MESEMET model. Indeed, in some cases we can state the likely 
impact of the proposed policy measures with some confidence. For example, 
independently of the proposed measure, the exact value of the Allen elasticities of 
substitution and the macroeconomic regime, we find that the three policy experi- 
ments all result in an increase in human capital which is reflected in a higher real 
after-tax wage rate. 

The sensitivity analysis provides important insights with respect to the relevant 
parameters for the effectiveness of technology policies. In particular, the spillover 
effects from R &  D on human capital seem to be crucial for the economic 
consequences of public R & D and tax-free allowances on private R & D. Further- 
more, the degree of complementarity between (physical and technology) capital 
and human capital is important for the degree in which public expenditures crowd 
out private investments in physical and technology capital. Indeed, a higher degree 
of complementarity raises the effectiveness of technology policies because it does 
not replace private activities but rather stimulates these investments. 

Moreover, we refute the popular statement that technological progress en- 
dogenously reduces employment in a small open economy (den Butter and 
Wollmer, 1992). We do not find such a relationship, neither in the demand-driven 
disequilibrium version of the MESEMET model nor in the general equilibrium- 
cum-supply side elements version and neither for low elasticities of substitution nor 
for high elasticities. In this sense our study contradicts the findings of earlier 
attempts to endogenize technological progress in a macroeconomic model for The 
Netherlands by den Butter and Wollmer (1992) and den Butter and van Zijp 
(1995). 

Appendix: MESEMET equations 

We use the linearized version of MESEMET, where all variables are denoted in rates of 
growth except in the equation for the budget deficit which is denoted as first differences as a 
fraction of GDP. Notation is explained at the end of the model. 

Production capacity 

);'p z 0.66Leff + 0.34/~eff, (A1) 

Leff ~ 0.333 L + 0.667 Hc, (A2) 

Ro. = 0.85 K~" + 0.15 gg,  ~A3) 
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/(g = 0 .88 / (g_ ,  + 0.12 [g, (A4) 

K'I ~ = 0.7/(p + 0.3 'I'c, (A5) 

7~c = 0.8 Tp + 0.2 7"g, (A6) 

7"g = 0.892 'l'g-1 + 0.108 R/)g, (A7) 

/4c = 0 . 8 8 / 4 c ,  + 0.42 [p + 0.006 RDp + 0.018 R/)g + 0.054 L'g - 0.024 ~ ' ,  (A8) 

/~p,t = 0.7 ~-,l + 2.8/(cfe - 2.5K7" - 0.7 Re - 0.1 7~, (A9) 

/ ~  = 0 .88/ (P-1  + 0.12 [p, (A10) 

[p,l = 0.1 . (8.333. (/~pd _ /~p , ) ) + / ~ p _ , ,  ( a l l )  

7~p 'j = 0.5 ~,a + 2/~eef _ 1.786K¢ + 0.286 ~kc - 0.5/~rd.y -- 0.1 T~, (A12) 

'Tp = 0.892 7~p_, + 0.108 R/)p, (a13)  

R , ~  = 0.05 (9.259. (~'p d -  t p _ , ) ) +  ~'p ,. (A~4~ 

Labour market 

L d = 0.55 YJ + 0.45Leff - 0.55 Wy, (A15) 

Lid  = R[) p, (A16) 

Lp = 0.99 L + 0.01 Lid,  (A17) 

L = 0.9 L a + 0.1 (1.159 Ls - 0.149Lg - 0.01 L M ) ,  (A18) 

Lto t = 0.871 Lp  + 0.129 Lg,  (A19) 

Ls = 1.254 Lsa, , + 0.15 I~,~ - 0.254 Yfto - 0.25 Lu,  (A21) 

A g  = AP  + A H  + 0.25AT~t -- 0.25 Lu,  (A22) 

= ? - L p .  (A23~ 

Capital market 

}~r, = }~r - 0.5 7~k * , (A24) 

A/;  k = A/~ + 3(Sr  - 17r,), (A25) 

KRr 
Sr = 1.433 [p + 0.067 tia - 11.111 a V,o---~' (A26) 
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I~ = R f ,  

~r~n = R ~ . - -  P ,  

K ~ r  
a = a # . .  - aRrf. 

Ytot 

Real expenditure 

)/" = 0.7 e + 0.143 ip + 0.007 R/)p + 0.1 (~ + 0.05 &, 

(~d = 0.476 (Lp + 14;',) + 0.079 (Zg + 14;'gn) + 0.341Yu + 0.103Yrn, 

(~ = 0 .2  ((~'d q_ (~d_l "t- (~d_ 2 -b (~d 3 + (~d4) , 

1;" = ) (  + 0 . 6 5 ( B  - &¢), 

Yd =0 .4Y+0"3Y-~  + 0-2 ~'-z + 0"1Y 3 

~'tot =0 .9Y+O. l~ 'g ,  

ip = ip d, 

~ p  = ~ ,  
lid = RJ)p, 

Yr= 3(Y" + I~y ) -- 2(  Lp  Jr PI ) - 1~ 4- 0.04- R/),u b • (1 + 0.01ROp). 

Incomes and prices 

w=f , , -  f,, 

w.=w-¢,, 
W" = W -  1.564~, 

Wg= W, 

Wgn = ~Vn + Wgau 

/~y = 1.65/~ - 0.65 f i ,  

&, = 0 .5w~ + 0.5 R~ - ~o~. 

Government 

Lg=O.6Lgau + 0.3 ; g  + O.l R/)g, 

(A27) 

(A28) 

(A29) 

(A30) 

(A31) 

(A32) 

(A33) 

(A34) 

(A35) 

(A36) 

(A37) 

(A38) 

(A39) 

(A40) 

(A41) 

(A42) 

(A43) 

(A44) 

(A45) 

(A46) 

(A47) 

(A48) 

(hSO) 
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¢g° = & + g'g., 

Tt = Tt' + 0.4 I,V, 

7~u = '/~" + 0.4 I~, 

T / =  0.82 L + 0.18 7~u 

T/' = 0.82 7~t ' + 0.18 i " ,  

tn = 0 75 (Lp + W + ~ , ) +  0.25 (~r + tZ), 

(AS1) 

(A52) 

(A53) 

(A54) 

(A55) 

(A56) 

(A57) 

Ug, = 0.438 Y//ia + 0.225 G + 0.113 [g + 0.125 Yg, + 0.1 (Lu  + if',) 

+ 0.03" R/5~u b "(1 + 0.01 R/)p) ,  

F 
,5 y-~,,t = 0.4 (Tn - U~,n), 

Y'u = 0 .814 })ui. + 0.186 (Lu + 1~'.), 

Yuia = 1.49 Yt'lo - 0.49 (Ls + I~.). 

External position 
/3 = M w + 2 ER + 0.6 RIc + 0.4 R/qc ,  

a;t = ? - 0 .75 L 'R,  

M c  = i "c  - i ce ,  

(A58) 

(A59) 

(A60) 

(A61) 

(A62) 

(A63) 

(A64) 

(A65) 

m 4 C  = 14c - I:Ic~. 

Endogenous variables 

B 
C 
C d 

ER 
F 
H 
Hc 
Ip 
lp J 

Ird 
Keff 
Kg 

= real exports of goods and services 
= real private consumption 
= desired level of real private consumption 
= price level of foreign goods relative to domestic goods 
= government budget deficit 
= labour productivity 
= domestic stock of human capital  
= gross private investment (excluding R & D related expenditures) 

(A66) 

= desired gross private investment (excluding R & D related expenditures)  
= physical private investment related to R & D 
= effective capital input 
= public capital  stock 
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Kp 
Kp ~ 
KRr 

KT 
L 
L d 

Left 
Lg 
1,p 
Lrd 
Ls 

Ltot 
Ltt 
M 
P 
e~ 
el 
Prd,p 
er 
R 

RDp 

RHC 
RIC 

errn 
Ry 
Sr 
T 
Tc 
Te 
7", 
7".; 
Tt 
Tp 
Tp d 
Tu 

ue 
W 
Iv. 
w" 

We 
We. 
Wy 
X 
Y 

yYPd 
Ye 

= private (physical) capital  stock 
= desired pr ivate  capital  stock 
= net  impor t  of  physical capital  
= compos i te  input  of  private capital stock and  technology capital  
= private employmen t  (excluding researchers )  
= labour  d e m a n d  (excluding researchers)  
= effective labour  input  
= public  sector  employmen t  
= total  pr ivate  employmen t  ( including researchers )  
= employmen t  in private sector R & D depa r tmen t s  

= labour  supply 
= total  emp loymen t  

= u n e m p l o y m e n t  
= imports  of  goods and  services 
= consumer  price of  goods and  services 
= nomina l  pre-tax re tu rn  on  domest ic  inves tment  
= nomina l  before- tax private sector wage rate 
= real costs of  private R & D activities 
= p roduc t ion  price 
= long te rm before  tax interest  rate 
= pr ivate  R & D activities 
= desi red private R & D activities 
= relat ive h u m a n  capacity 
= relat ive innovat ion capacity 
= real af ter  tax re turn  on domest ic  inves tment  
= real capital  cost 
= supply of  physical capital 
= total  tax revenue  
= domest ic  stock of  technology (or R & D) capital  
= stock of  publically available technological  knowledge 
= average in tegra ted  tax ra te  on labour  income 
= marginal  in tegra ted  tax ra te  on labour  income 
= average tax ra te  on  labour  income 
= pr ivate  stock of  technological  knowledge 
= desi red pr ivate  stock of  technological  knowledge 
= average cut in t ransfers  due to an income rise of  1% 
= gross g o v e r n m e n t  outlays 
= real before- tax  private sector wage rate  
= real af ter  tax private sector  wage rate 
= real effective private sector  wage rate  ( taking into account  bo th  taxes and  

t ransfers)  
= real before  tax public sector wage rate 
= real af ter  tax public sector  wage rate  
= real labour  cost in private sector  
= domest ic  expendi ture  
= actual pr ivate  product ion  
= private p roduc t ion  capacity 
= desi red pr ivate  sector product ion  capacity 
= before  tax public sector  wages 
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Y g ,  = after tax public sector wages 
Yr = before tax profits (before-tax savings of households and private enterprises) 
Y r ,  = after tax profits (net savings of households and firms) 
Ytot = real gross national income 
Y~ = total transfers 

Exogenous variables 

g 
G = 

Hc f  = 
i~ = 

tgau  = 

Lsau = 

M w  = 

P f  = 
7rau 
Rf = 
RDg 
RDsu b = 

Rrf = 
Tcf = 

T u, = 
WGau = 

Yuo  = 

employment public educational sector 
public consumption 
foreign stock of human capital 
public investment 
public sector employment, excluding public R & D and education 
labour force 
world trade 
price of foreign goods and services 
trend labour productivity 
foreign long-term interest rate 
employment in public R & D sector 
government subsidy on private R & D activities (as a percentage of the price of 
private R & D before subsidization) 
real after tax return on foreign investment 
foreign stock of technology (or R & D) capial 
marginal tax rate on profits 
marginal tax rate on labour income 
marginal cut in transfers due to an income rise of 1% 
difference between real after tax public and private sector wage rate 
lump-sum transfers 
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