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Absract 

Theoretical and empirical work in endogenous growth theory suggests that market 

economics underinvest in scientific and technical research and achieve growth rates that are 

lower than the socially optimal. Among the suggested explanations are the positive productivity 

spillovers associated with the nature of knowledge as a nonrival and only partially excludable 

good, the monopolistic pricing of the product of R&D, and the related issue of imperfect patent 

protection and imitation. This paper studies the above distortions in a model where technological 

progress is the product of research activity and takes the form of expansions in the variety of 

intermediate goods. The market and the socially optimal solutions are presented and the 

first-best fiscal policy is considered for each case of market failure (JEL: Classification H32, 

033, 038, O40, 041). 

1. Introduction 

Long-run economic growth is characterized by continuing increases in 

per capita output (GDP). Neoclassical growth theory, introduced by Solow 

(1956), and Swan (1956), and later elaborated by Uzawa (1964), Cass (1965), 

and Koopmans (1965), has made clear that an ever increasing per capita 

output is possible only as the result of sustained increases in factor productivity. 

However, with only few exceptions such as Arrow (1962), Uzawa (1965), 

Shell (1966), and Sheshinski (1967), no systematic attempt was made to 

study changes in factor productivity as an integral part of the process of 

economic growth. Neoclassical growth models focused on the accumulation 

of factors of production, and productivity gains were treated as an exogenous, 

unexplained "residual". 
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Since the mid-eighties concern about the slowing productivity growth in 
virtually all industrialized economies has sparked off substantial interest in 
the forces that influence the level and the rate of change of factor productivity. 
Starting with Romer (1986, 1987, 1990), Lucas (1988), Barro (1990), Seger-
strom, Anant, and Dinopoulos (1990), Segerstrom (1991), Rebelo (1991), 
Grossman and Helpman (1991), and Aghion and Howitt (1992), the result 
has been an extensive literature collectively referred to as endogenous growth 
theory. To uncover the main determinants of productivity growth, endogenous 
growth theory focuses on the accumulation of human capital and investment 
in infrastructure and research and development (R&D). 

Investment in R&D is the driving force of technological progress. Tech­
nology refers to a society's accumulated knowledge on how to produce goods 
and services. Technological progress is the advancement of this knowledge. 
It is reflected in the introduction of new or impoved productive inputs and 
of new ways to combine existing ones. The effects of technological progress 
is broadly consistent with the experience of all advanced economies over 
long periods of time: per capita output is steadily increasing and the process 
shows no clear tendency to peter out. 

Endogenous growth models typically treat the advancement of technological 
knowledge as an economic good that is the outcome of purposive R&D 
activities. Private firms have an incentive to invest in R&D because successful 
innovations, being protected by patents, bear potentially significant monopoly 
rents. However, empirical evidence demonstrates that the social returns to 
R&D considerably exceed the respective private returns (Griliches 1992, 
Keely and Quah 1998). As a result, market economies underinvest in 
scientific and technical research and achieve growth rates that are lower 
than the socially optimal. 

Several features have a share in explaining this difference. Important 
among them are the positive productivity spillovers associated with the 
nature of knowledge as a nonrival and only partially excludable good 
(Mansfield, 1985, Caballero and Jaffe, 1993), the monopolistic (markup) 
pricing of the product of R&D, and the related issue of imperfect patent 
protection and imitation (Mansfield, Schwartz, and Wagner, 1981, Mansfield, 
1986, and Levin, Klevorick, Nelson, and Winter 1987). 

The present paper studies the above market failures and introduces fiscal 
policy in a model where technological progress takes the form of expansions 
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in the variety of intermediate goods. This specification, based on Romer 
(1990), perceives technological progress as a fundamental innovation akin 
to the generation of a new industry. A description of the model follows in 
the next section. In section 3 the growth equilibrium of the decentralized 
economy is found, while section 4 looks at the case of a planned economy. 
The main result is that the growth rate of the decentralized economy falls 
short of the socially optimal rate. In section 5 the distortions responsible 
for the less-than-optimal growth performance of the decentralized economy 
are examined, and the first-best fiscal policy is considered for each case. 
Section 6 summarizes and addresses a number of related issues and extensions 
of this study. 

2. The Model 

The economy consists of two sectors. In the first, a large number of 
identical price-taking firms produce a homogeneous final (consumption) 
good. The aggregate production function is 
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developed, the firm can manufacture the good and sell it to final good 
producers. Intermediate goods are manufactured with the same production 
technology as the consumption good. Thus, one unit of the consumption 
good must be given up to free the resources that will be instead allocated 
to producing one unit of some intermediate good. 

New designs are being developed according to 

People in this economy are each endowed with one unit of labor which 
they supply inelastically to either the final good or the intermediate good 
sector. Further, they face the usual income and wealth constraints and 
choose a consumption path so as to maximize their total discounted utility 
over an infinite time horizon. The labor force, L, coincides with the economy's 
population and is fixed with 

L = LY + LA (3) 

The representative consumer's preferences are described by the constant 
elasticity of intertemporal substitution instantaneous utility function 
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where c is per capita consumption, and parameter σ characterizes consumer's 
willingness to shift consumption between different points in time. 

Finally, all prices are measured in units of the consumption good. 

3. Growth in the Decentralized Economy 

3.1. The Final Good Sector 

Each firm in the final good sector determines its demand for factors of 
production in every period by maximizing the profit function 
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(7), and its objective in every period will be to maximize total operating 
profit, Ρj (Pxj), where 

where AX is the total quantity of intermediate inputs. Since labor and 
technology share the same output elasticity, technological progress is Harrod-
neutral. For given A, production exhibits constant returns to scale in labor, LY, 
and the aggregate quantity of intermediate inputs, AX. For given LY and AX, 
the term Aa indicates that output increases with the level of technology. 
Consequently, production is characterized by increasing returns to scale in 
technology, labor and intermediate goods taken together. This is what 
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necessitates imperfect competition in the model. In the presence of increasing 
returns, average cost is always above marginal cost. Then, a competitive market 
with marginal cost pricing would lead to losses, and no firm would be willing 
to invest in R&D, develop a design and manufacture the respective interme­
diate good. Firms will enter the market only if they can charge a price higher 
than marginal cost that will allow them to recoup the research cost of inventing 
a capital good. 

Equations (10) and (11) can be combined further to yield 
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Returning to equations (8) and (9), one may write the (maximum) per 
period operating profit of the inventor / manufacturer of a capital good as 
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Long run equilibrium with technological progress and positive growth 
dictates that 

E(V) = CR (23) 

If E(V) < CR, no firm would be willing to invest in the development of a new 
capital good. As a result, no resources would be devoted to R&D, and A would 
be constant. Similarly, continuous entry in the intermediate good sector would 
exist, and an ever increasing amount of resources would be channeled into 
R&D, for as long as E(V) > CR

6. Clearly, the monopolistic operating profit 
Ρ > 0 is necessary for technological progress as firms need to recoup the sunk 
research cost CR. However, free entry in the intermediate good sector implies 
a long run equilibrium with no economic profit: ΠI = E(V) CR = 0. Following 
this, equations (2), (3), (16), (18) and (22) can be combined to yield the real 
interest rate as 

r = δ(1 - a) L - μ - (1 - α)γ{de) (24) 

Equation (24) depicts an important aspect of the productiion side of the 
model: there is a negative association between the interest rate and the 
rate of growth of output. The link between these two variables is investment 
in the development of new capital goods. From (18), a higher interest rate 
reduces the present value of the flow of monopoly profits earned by 
intermediate good firms. This lowers the private rate of return to R&D 
and weakens the incentive to invest in research. Then, employment in the 
intermediate good sector will decline, and so will the rate of technological 
progress and the rate of growth of output and consumption.7 

3.3. Consumers and Utility Maximization 
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becomes c(t + h) =e1/σ(r-ρ)hc(t). The implid optimal rate of consumption 
growth is expressed in the familiar Euler equation 

Equation (26) is the direct analogue of equation (24) for the consumption 
side of the model. It can be thought of as a dynamic saving function that 
establishes a positive association between the interest rate and the rate of 
growth of output. A higher interest rate makes future consumption relatively 
cheaper and, thus, leads consumers to cut back on current consumption in 
favor of more consumption in the future. This will release resources from 
production in the final good sector. The allocation of these resources to 
research activities will result in an increase in the rate of technological 
progress and, consequently, in the rate of growth of output and consumption. 

3.4. Growth Characteristics of the Decentralized Economy 

From the above analysis it is evident that when the interest rate is low, 
R&D investment is attractive but saving is not. Of course, the opposite is 
true at high levels of the interest rate. Saving and investment decisions will 
be compatible only at the interest rate at which both equations, (24) and 
(26), are satisfied. Together, these equations yield the equilibrium rate of 
growth of the market economy 
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the price of intermediate goods, the probability of loss of monopoly power, 

μ, and the "degree of people's impatience", ρ. 

Finally, from equations (2), (16), and (27), the amount of labor allocated 

to R&D is 

4. Growth in the Planned Economy 

Here the economy is run by a social planner whose aim is to maximize 

the representative consumer's total discounted utility over an infinite time 

horizon. From a social perspective the planner makes all the allocative 

decisions optimally. Thus, at the microeconomic level, the planner imposes 

perfect competition throughout the economy, satisfies the conditions for 

efficient production, and internalizes all externalities. The macroeconomic 

decisions must satisfy the economy-wide technological and resource constraints 

given in equations (2), (3), (11), and (14). Assuming the instantaneous utility 

function given in (4) with ο σ 1, the planning problem is to 
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In the steady state the planned economy allocates a larger fraction of 
the labor force to research and, as a result, it attains a higher rate of 
growth than the decentralized economy. It then appears that government 
policy could be used to improve upon market outcomes by providing market 
participants with incentives to follow a socially optimal course of action. In 
the following analysis of such policy it is assumed that the government 
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budget is always balanced, and that only non-distortionary taxes are used 
to finance all expenditures. 

One reason for the sub-optimal allocation of labor between final-good 
production and research is the probability of loss of monopoly power for 
intermediate good firms. Indeed, it is clear from (18) that the expected 
present value of future profits decreases with μ, for any μ > 0. Consequently, 
as (24) reveals, the growth rate γ(de) associated with any level of the real 
interest rate, r, decreases with μ. 

Equivalently, equations (17), (18), and (23), imply that 
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The static inefficiency relates to the fact that the market economy 
produces less output than the social planner at the same level of technology. 
In particular, equations (11), (12), and (34), yield 

The dynamic inefficiency appears in connection with the profitability of 
investment in research. Given that the R&D cost CR is a sunk cost, markup 
pricing is necessary ex ante for intermediate good firms to invest in R&D, 
but it is inefficient ex post as it results in lower sales of intermediate goods 
to the final good sector. This translates directly into smaller expected profits 
for intermediate good firms, less R&D investment, slower technological 
progress, and a lower rate of growth of output. Comparing equations (27) 
or (40) with (33), the described negative effect is evidenced by the presence 
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the present value of profits of intermediate good producers, and, therefore, 

the "private value of investment in R&D". The end result is an increase 

of employment in the intermediate good sector and a higher rate of growth. 

However, after comparing (49) and (51) with (33) and (35), one finds 

that γ** < γ(op) and L**A<LA

(op). Thus, even after the subsidization of the 

purchase of intermediate goods, the decentralized economy allocates a 

smaller fraction of labor to research and achieves a lower steady state rate 

of growth compared to the planned economy. This indicates that the private 

rate of return to research is still short of the respective social rate of return. 

Another distortion, in the form of intertemporal knowledge spillovers, is 

responsible. To clarify the nature of the problem, notice from equation (19) 

that the number of researchers required for the development of a new 

intermediate good is inversely proportional to the existing stock of knowledge, 

A. The message of this observation is clear: Expansions in the current stock 

of knowledge increase the productivity of research and lower the resource 

cost of inventing new capital goods in the future. Nevertheless, the market 

has no mechanism to compensate researchers for this positive externality 

of knowledge. As a result, private firms do not internalize the "standing 

on shoulders" effect of their research, and R&D investment is less than 

optimal. 
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Proceeding as before, equations (53) and (26) yield the growth rate of 
output 
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The reduction of research costs effected by the subsidy through inter­
nalization of the positive knowledge spillovers, further increases employment 
in the intermediate good sector. This raises the rate of technological progress 
and, accordingly, the growth rate of the economy. Finally, equations (55) 
and (57) yield the real interest rate as r = δL. From (25) and (33) this 
value can be seen as the rate of return implicitly used by the social planner. 

6. Concluding Comments and Extensions 

In a model where the creation and use of new capital goods is the 
driving force of increases in factor productivity it is found that the decen­
tralized allocation of resources achieves a sub-optimal steady state rate of 
growth of output. Three distortions are responsible for this result: 

(a). The probability of loss of monopoly rents that reward successful 
innovators. The result is a weakening of the incentive to invest in R&D. 

(b). The monopolistic pricing of capital goods. The result is an inefficient 
allocation of these goods in the production of the final good. 

(c). The inability of the market to reward researchers for the reduction 
in the cost of future technological advancements that follows the expansion 
of current knowledge. The result is a lower than optimal investment in 
research activities. 

The first-best government policy that would induce the private economy 
to attain the socially optimal outcomes consists of three corresponding 
subsidies: 

(a). A subsidy that will bring the present value of profits of intermediate 
good firms up to the level that prevails when the monopoly power of 
intermediate good firms lasts for ever. This will increase the market value 
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of research thereby leading to an increase in employment in R&D and in 
the growth rate of the economy. 

(b). A subsidy on the purchase of capital goods by final good producers. 
This will correct the inefficiency associated with monopoly pricing of inter­
mediate goods, and will equate the privately chosen quantity of intermediate 
goods to the socially optimal one. Of course, the subsidy on the purchase 
of intermediate goods must be limited to the purchase of monopolized 
intermediate goods.10 

(c). A subsidy directly on R&D spending. This subsidy will internalize 
the positive spillover of current expansions in knowledge on future research 
productivity. 

The analysis in this study is based on the assumption that the government 
has recourse to lump-sum household taxes and raises tax revenue equal to 
the total value of 11 subsidies in every period. In such a setting the first-best 
policy can be pursued in all cases. However, if lump-sum taxes are absent 
or insufficient to fully finance the subsidies, distortionary taxes must be 
considered. Such taxes may include the tax on capital and labor income, 
the tax treatment of depreciation and capital gains, and probably special 
taxes on investment expenditures. With distortionary finance, an R&D subsidy 
raises equilibrium R&D investment, but at the cost of increasing distortions 
in other activities. Given that this may lead to a reduction in equilibrium 
R&D expenditures, the best policy in this case is not obvious in advance. 

Generally, in the absence of lump-sum taxes it is optimal for the policy 
maker to initially tax existing assets at very high rates, taking advantage of 
their inelastic supply. The revenue can then be used to provide required 
subsidies or finance future government expenditures with less dependence 
on the use of distortionary taxes.11 In the present model, if the government 
decides to follow this policy pattern it must make all existing intermediate 
goods available at a competitive price. At the same time, it should promise 
protection of property rights on, and "ensure" sufficient returns to, future 
inventions. This situation involves a clear time-inconsistency problem as in 
all following periods the government will repeat the same action. 

The problem is centered in a well-known tradeoff: the static gain from 
increased competition and more efficient use of the existing intermediate 
goods, versus the dynamic loss from too low an incentive to invest in 
research and the consequent low rates of technological progress, productivity 
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enhancement, and growth. If the government does not possess a mechanism 
to commit itself to a given path of future policies, the reward for research 
will be monopoly rents that tend to disappear in a short period of time. 
In such an envirnoment agents will undertake little research and the resulting 
equilibrium is bound to generate low growth and welfare. 

Further, in a more general model where price over marginal cost markups 
vary over time and types of intermediate goods, the optimal subsidy rate 
for each good depends on the markup on the particular good. Then, 
everything else being the same, equation of the decentralized and optimal 
allocations requires a subsidy to the purchase of intermediate goods that 
differentiates between monopolized and competitive goods. Given the dif­
ficulty of implementing a fully differentiated subsidization scheme, the 
welfare-maximizing policy must be derived under the additional constraint 
that the intermediate good subsidies are sub-optimally differentiated. 

In addition note that in the present model technological progress is 
formulated as an expansion in the variety of intrmediate goods. Consequently, 
new intermediate goods add up to the older ones and faster rates of growth 
are always welfare improving. In other endogenous growth models techno­
logical progress takes the form of successive improvements in the quality 
of a fixed number of types of intermediate goods.12 There, the introduction 
of an improved version of some intermediate good renders the previous 
generation of the same good obsolete. In such models, there is an excessive 
private incentive to conduct research due to the transfer of rents from an 
old inventor to a new one.13 Due to this creative destruction effect, faster 
rates of innovation are not necessarily Pareto-improving in terms of welfare. 

Last but not least, the analysis of the effects of policy must be extended 
beyond steady state comparisons. Jones (1995a,b) presents empirical evidence 
that supports the presence of diminishing returns to R&D. This implies a 
long run rate of factor productivity growth independent of policy. However, 
it is important to note that although the steady state rate of growth may 
be invariant to policy, this rate is sensitive to changes in policy regimes 
during the transition between steady states. If the transition lasts for a long 
period of time, exclusive steady state comparisons regarding the effectiveness 
of policy may be misleading. Then, an analysis of how policy may alter the 
transition path towards a new long-run equilibrium becomes a necessity. 
After all, to paraphrase Lucas (1988, p. 5), the consequences for human 
welfare involved in these issues are simply too serious to make light of. 
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Notes 

1. Spence (1976), and Dixit and Stiglitz (1977) used a form similar to (1) to express 
consumer preferences over collections of final goods. Ethier (1982) was the first to use it 
in the context of production with several intermediate goods. 
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