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Abstract 
We introduce and explore the properties of a multi-sector general equilibrium model with 

endogenous growth, the antecedents of which are the R&D-based growth models of Romer 
(1990), and Grossman and Helpman (1992). The model is specified and calibrated to the data 
from Japan, and is solved to obtain both the transitional and the steady state equilibria. We 
explore the growth incidences of two groups of policies: (i) import protection through tariffs; 
and (ii) R&D promotion through subsidies. The model results suggest that trade policies affect 
growth, but in the absence of explicit recognition of international spillovers, such effects on 
long-term growth are small. R&D promoting policies induce private agents to allocate more 
resources to R&D activities which raise productivity of the R&D production and the 
production of capital variety. In turn, we find significantly high growth effects together with 
sizable gains in social welfare. 

A previous version of this paper was presented at the First International METU Conference in 
Economics, September, 18-20, 1997, Ankara, Turkey. We are grateful to the conference participants 
and to colleagues at the University of Minnesota and Bilkent University for their extensive criticisms 
and suggestions. 
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1. Introduction 

It had long been a well-kept secret of economists that their discipline failed to 
provide a coherent explanation of "why nations grow?" For long, this stood as a 
striking paradox given that the origins of the profession were mainly based on a 
commitment to "the inqniry of the origins and causes of the wealth of nations". 
During the last decade, however, we witnessed a burgeoning interest towards our 
understanding of the sources of economic development. One of the original 
motivations for the expanding literature on growth was the culminating evidence 
that both the average annual rates of growth and the levels of economic 
performance vary substantially across countries, and that the range of the dispersion 
of wealth has been roughly constant over a substantial period of time (see, for 
example, Parente and Prescott, 1993; Mankiw, Romer and Weil, 1992). In 1988, for 
example, the ratio of GDP per worker in the fifth richest country to that in the fifth 
poorest country was 29. In 1960, the same ratio was 26 (cf. Hall and Jones, 1997). 

These observations on the disparity in growth rates among the world's 
economies led to the formulation of a variety of models in which per capita income 
can grow indefinitely and long-run performance can depend upon structural and 
policy parameters of the domestic and global economy. One strand of theory views 
capital accumulation, broadly defined to include human capital, as the driving force 
behind economic growth (Jones and Manuelli, 1990; King and Rebelo, 1993; 
Rebelo, 1991). A second approach casts external economies in a leading role in the 
growth process. Each firm's investment in either physical (Arrow, 1962) or human 
capital (Lucas, 1988) inadvertently contributes to the productivity of capital held by 
others. The third approach, pioneered by Romer (1990), Grossman and Helpman 
(1992), Aghion and Howitt (1992), focuses on the evolution and adoption of new 
technology. They develop analytical models wherein private industrial innovation 
leading to the production of differentiated intermediate varieties and spillovers of 
technical know-how are the engines of growth. 

While empirical evidence in support of intra- and inter-sectoral spillovers 
reported in several firm and industry level studies is compelling (e.g., Mansfield, 
1983; Bernstein and Nadiri, 1988; and for the case of agriculture, Gopinath and 
Roe, 1996, among others), they fail, in general, to identify the underlying structure 
causing spillovers. This omission precludes analyses of whether technological 
knowledge produced by own R&D activity is reverse-engineered by other firms' 



METU STUDIES IN DEVELOPMENT 15 

R&D, whether trade secrets are revealed by hiring other firm's scientists, or whether 
the knowledge revealed by patents or blueprints in turn stimulates new ideas. 

Several studies searching for spillovers have been conducted at both national 
and cross-national levels. Nonneman and Vanhoudt (1996), for instance, added 
capital variety, an important feature of the Romer, and Grossman and Helpman 
models, to the extended Solow model which was originally fit to data by Mankiw, 
Romer and Weil (1992), and found that the resulting model provided a sufficiently 
good explanation of growth in the OECD countries. Still others suggested that 
product and process innovations and learning-by-doing are not the only sources of 
economic growth. Eor example, Stiglitz (1996) in his review of the growth 
experience of East Asian countries, suggested that the determinants of growth are 
caused by a host of market failures that vary by country and level of development. 
This view implies that models focusing on a single or narrowly-based determinant 
of growth are unlikely to explain the experience of a large number of countries. 
Keeping in mind the gulf that still appears to exist between the various theories of 
growth and the lack of empirical evidence to support one category of theory over 
another, it is nevertheless possible to empirically explore the effects of technological 
spillovers and the production of capital variety on growth. In this context, attention 
can be focused on the extent to which a decentralized market economy provides 
adequate incentives for the accumulation of production technology, and how 
variations in economic structures, institutions and policies might translate into 
different rates of productivity gain. 

In this paper we specify an empirical R&D-based growth model whose 
analytical antecedents draw upon Romer (1990) and Grossman and Helpman 
(1992). These models tend to depict economies in more aggregated terms, and focus 
on the steady state growth path in abstraction. In contrast, a key feature of the model 
developed here is that it is calibrated to a fairly disaggregate data set for a "real" 
economy ~ Japan, and is solved for both the out-of-steady state and the steady state 
paths of the endogenous variables. The underlying mechanism of growth is the 
recognition of a set of differentiated capital which increases in variety with 
(endogenous) technological progress. Each capital variety is associated with a patent 
or blueprint, which in turn is produced by R&D activities. Technological spillovers 
rather than being realized during the course of capital investment, occur in R&D 
activities as the result of knowledge accumulation which is non-rival and only 
partially excludable. 
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2. The model structure 

The model is a direct application of the R&D-based model of endogenous 
growth and is presented in six sub-sections, starting with the final output 
production, concluding with the condition for equilibrium. The use of equations is 
kept to a minimum as the model appears in its entirety in the Appendix. 

2.1. The final output production sectors 

The economy is presumed to be open and small in the sense that it cannot affect 
prices for final goods in world markets (but the domestic prices of final goods are 
endogenously determined). The model distinguishes seven final output production 
sectors: (1) agriculture and minerals, (2) intermediate materials, (3) textiles, (4) 
transportation equipment, (5) other machinery equipment, (6) other manufacturing, 
and (7) services. With a constant returns to scale technology, each sector produces 
a single output using inputs of two non-augmented resources, labor (L) and non-
human resource (B), one augmented factor and a set of intermediate goods. The 
augmented factor is a set of differentiated capital where an element of the set 
denotes a particular variety of capital. A given variety of capital is assumed to 
substitute imperfectly for another variety according to a constant substitution 
elasticity, ε. Factors of production are perfectly mobile in the economy, but 
immobile internationally. Finns producing final outputs face perfectly competitive 
output and input markets. 

Outputs of the seven sectors are demanded in several different ways. First, they 
serve as intermediate inputs of production in each of the seven sectors. In addition, 
they meet the demands for final goods by households and the export demands of the 
foreign sector. Finally, they are also employed to produce differentiated capital 
varieties. 

2.2. The R&D sector 

In real economies, research and development activities and the production of 
technical innovations are often carried out by firms engaged in the production of 
goods or intermediate factors. In the model, for purposes of simplification, we 
distinguish the private R&D activities as separate from other production activities, 



18 Xinshen DIAO - Terry ROE - Erinç YELDAN 

and aggregate them into an independent R&D sector1. 
R&D activities are often categorized as product and process innovations. Yet, 

the R&D product itself may be intangible and/or be embodied in a service or 
intermediate factor of production. For our purpose here, the output of the R&D 
sector is "technological knowledge", defined as the number of blueprints — 
technical patents produced. This output, in turn, is a requirement permitting the 
production of new types of differentiated capital. R&D technology is presumed to 
be Cobb-Douglas, with the two primary inputs (labor and non-human resource), and 
the pool of common technological knowledge accumulated over time from the past 
R&D activities. From the individual firm perspective, this technology exhibits 
constant returns to scale in its employment of the two primary inputs. The key 
difference from the production activities of other sectors is that the cumulative 
output of each individual firm's R&D activities expands the common pool of 
technological knowledge to the R&D sector. These technological spillovers 
constitute a form of posith'e externality which leads to an increase in the 
productivity of the primary factors employed in the R&D production. Consequently, 
spillovers become the source of further technological progress increasing the 
efficiency of producing additional blueprints. The blueprints enable the 
accumulation of differentiated capital and sustain the long-run growth of the 
economy. 

2.3. Differentiated capital and its production 

Growth is traditionally associated with capital accumulation. However, as 
Stiglitz (1996) puts it, "if life consisted of nothing more than adding homogeneous 
capital to a homogeneous production process", it would be hard to observe any 
significant deviation from a given historical growth path for the world. Rather, the 
model regards capital accumulation as the increase in the number of differentiated 
capital, k(i), where i ıs the index for one type of capital variety. With a common and 
constant elasticity of substitution, various capital varieties imperfectly substitute for 
each other in the final good production. The total number of capital varieties are 

Since the market for the outputs of R&D activities is assumed to be perfectly competitive, R&D 
activities can be viewed either as a separate sector or as activities performed by the sector producing 
capital variety. 
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The government consumption and investment are ignored in the model. All government tax revenues 
are transferred to the household in lump-sum. 
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The steady-state assumption for the benchmark data is widely used in applied intertemporal general 
equilibrium models. See, for example, Goulder and Summers (1989); Go, (1994); Mercenier and 
Yeldan (1996); and Diao et al. (1996). 
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