
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Essays on Economic Growth and Imperfect Markets

Tang, P.J.G.

Publication date
2001

Link to publication

Citation for published version (APA):
Tang, P. J. G. (2001). Essays on Economic Growth and Imperfect Markets. [Thesis, externally
prepared, Universiteit van Amsterdam]. Thela Thesis.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/essays-on-economic-growth-and-imperfect-markets(5741e272-9255-4a48-bfe6-effc24ee4b45).html


22 GROWTH, DEFICIT S AND R&D: AN INTERNATIONA L PERSPECTIVE 

2.11 Introductio n 

Inn the orthodox neoclassical theory, set out by Solow (1956) and others, the possibility of sustained 

economicc growth is ascribed to an exogenous factor of production, i.e. technology that develops with the 

passagee of time. This result is intimately linked to one of the properties of the neoclassical production 

functionn that is employed in this theory. This function relates the output to factor inputs, the stock of 

accumulatedd physical capital goods (machinery, computers and the like) and labour. It displays 

decreasingg returns to scale with respect to the use of each (reproducible) factor of production. It follows 

thatt an increase in the stock of capital goods, given the employed amount of labour, yields a less than 

proportionatee increase in the output. Expansion of the capital stock implies a decline in the return on a 

furtherr expansion and for this reason may ultimately cease. Opportunities for profitable investments are 

limitedd and will eventually be exhausted. Technical changes, however, that improve the productivity of 

labourr and thus of capital can prevent the rate of return on investment from falling. If the labour force 

growss at an (exogenous) rate equal to the sum of population growth and labour-augmenting technical 

progress,, capital, output and consumption will eventually also grow at this exogenous rate on an 

equilibriumm (also called balanced) growth path. Accumulation of capital is in this sense complementary 

too ongoing technical developments. Neoclassical theory does not provide an economic explanation for 

thesee developments, but rather imposes a time trend on the model for the long-run rate of economic 

growth.. Neoclassical theory does attempt to explain the speed of adjustment towards a balanced growth 

trajectory. . 

Thee possibility of exogenous technical progress reconciles the neoclassical theory with Kaldor's 

'stylisedd facts' (1961): a steady growth rate of output (per worker); a more or less constant ratio between 

outputt and the capital stock; a constant return on investment; a fairly stable functional distribution of 

income.. However, as technical progress is assumed to be exogenous in the older vintages of growth 

theory,, not much explanatory power is gained from its introduction. Furthermore, when the standard 

Soloww model is calibrated to real data in order to explain the adjustment towards balanced growth paths, 

thee predictions for the speed of convergence or for the national income share of capital income are too 

high. . 

Manyy empirical studies try to attribute the growth of output mainly to quantitative and qualitative 

changess in the stocks of productive factors. The residual growth in output that cannot be explained by 

growthh in the factors of production is referred to as the Solow residual. The calculation of Solow 
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residualss usually supposes perfect competition in factor and output markets so that the contribution of 

thee growth in capital and in labour to growth in output are weighted by the national income shares of 

capitall  and labour, respectively. Empirical studies typically find that part of the growth in output cannot 

bee accounted for by growth in the factors of production alone. The resulting Solow residuals are normally 

ascribedd to technical progress and may be of considerable size as Table 2.1 shows. 

Tablee 2.1 Gross domestic product and augmented joint factor productivity 

annuall  average compound growth rate 

1870-19133 1913-1950 1950-1973 1973-1984 

GDPP GDP AJFP GDP AJFP GDP AJFP 

France e 

Germany y 

Japan n 

Netherlands s 

U.K.. . 

U.S. . 

1.7 7 

2.8 8 

2.5 5 

2.1 1 

1.9 9 

4.2 2 

1.1 1 

1.3 3 

2.2 2 

2.4 4 

1.3 3 

2.8 8 

0.6 6 

0.2 2 

0.0 0 

0.5 5 

0.4 4 

1.2 2 

5.1 1 

5.9 9 

9.4 4 

4.7 7 

3.0 0 

3.7 7 

3.1 1 

3.6 6 

4.7 7 

2.4 4 

1.5 5 

1.1 1 

2.2 2 

1.7 7 

3.8 8 

1.6 6 

1.1 1 

2.3 3 

0.9 9 

1.1 1 

0.4 4 

0.1 1 

0.6 6 

-0.3 3 

Source:: Maddison (1987), Table 1 and l ib . The augmented joint factor productivity (AJFP) equals 

productionn growth (GDP) minus the contributions of the changes in quantity and quality of labour and 

off  capital. 

Thiss chapter attempts to survey the contributions that have been made in the literature to explain 

thee presence of sizeable Solow residuals and at the same to provide an understanding of what factors 

determinee the long-run rate of growth of an economy in the global economy and of how this helps to 

understandd issues of development. 

Sectionn 2 discusses how a large variety of the new theories of endogenous growth build on the 

classicc work of Uzawa (1965) and Conlisk (1969). The assumption of decreasing returns to a narrow 

conceptt of capital is rejected in favour of constant returns to a very broad measure of capital. The long-

runn rate of growth then depends on a host of supply-side determinants such as learning by doing, 

intentionall  investment in human capital, research and development in the capital goods and consumption 

goodss industries, and public infrastructure and other public goods. Section 3 applies the new theories of 

economicc growth to obtain a grasp of issues of catching-up and development. It analyses under what 

conditionss rates of economic growth and levels of per-capita income will converge or diverge. This 

sectionn also explains why the orthodox theory of economic growth may be somewhat more optimistic 

aboutt development and catch up of poor with rich countries than the new theories of endogenous growth. 



GROWTH,, DEFICIT S AND R&D: AN INTERNATIONA L PERSPECTIVE 

Sectionn 4 gives a two-country analysis of endogenous growth, based on the notion of learning 

byy doing respectively on government spending affecting the productivity of capital. This section 

explicitlyy takes into account international knowledge spillovers. Section 4 also allows for departures from 

Ricardiann equivalence between debt issue and taxation; absence of an intergenerational bequest motive 

andd overlapping generations are introduced to show the possible consequences of conventional 

macroeconomicc and budgetary policies for private investment. It analyses the international spillover 

effectss of demand-side policies: once allowance is made for departures from Ricardian debt neutrality, 

thee new theories of economic growth can explain for the first time that high national income share of 

governmentt consumption and high ratio's of government debt to national income depress growth 

prospects. . 

Sectionn 5 directs attention at a view on endogenous growth which stresses the role of variety in 

consumerr products as well as research and development, along the lines of Grossman and Helpman 

(1991).. This view is based on the idea that more labour assignedd to the R&D sector or to human capital 

accumulationn rather than to the production of goods boosts growth, where Grossman and Helpman (1991) 

focuss on knowledge as a non-rival public good and Lucas (1988) focuses on knowledge as a rival good. 

Itt applies the theory to address the question of growth and trade. Section 6 gives a brief summary of 

empiricall  studies that are relevant for the discussion in the preceding sections. Finally, section 7 

concludess the chapter. 

2.22 New theories of endogenous growth 

Inn the traditional theory the long-run rate of growth of variables such as aggregate private consumption, 

capitall  and output corresponds to the natural rate of growth, being the growth in efficiency units. The 

naturall  rate of growth corresponds to the sum of population growth and labour-augmenting technical 

progresss (m) and is exogenous. The new theories of growth attempt to explain the long-run growth rate. 

Inn this section and section 3 we give a verbal survey of these new theories of growth and examine their 

implicationss for issues in international macroeconomics. In sections 5 and 6 we then present analytical 

modelss based on endogenous growth and explore some issues to do with the global economy and 

development. . 

Thee pioneering work of Uzawa (1965) and Conlisk (1969) attempts to endogenise the rate of 

technicall  progress in the neoclassical model. Conlisk, in particular, conveys radically different 
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conclusionss from the orthodox neoclassical theory of economic growth and provides one of the first 

theoriess of endogenous growth: 

"In"In  the Solow-Swan model a change in the rate of savings, in the depreciation rate or in the constant rate 

ofof unemployment will  not change the equilibrium growth rate g' (...); whereas g' will  indeed be affected 

inin the model of this paper" (p. 69). 

Thee new theories take up the same route set out by Uzawa and Conlisk and amend orthodox 

neoclassicall  theory by offering a formulation of endogenous technical change.2 The new theories of 

growthh abandon the assumption that production displays decreasing returns to scale with respect to the 

usee of capital. Instead, the definition of capital is enlarged to also allow for investment in many 

reproduciblee factors of production (such as reclamation of land through building dykes, accumulation 

off  human capital through training, build-up of know-how through R&D, spending on infrastructure and 

otherr public goods, etc.). It then seems reasonable to assume constant (increasing) returns to scale with 

respectt to this very broad measure of capital.3 

2.2.12.2.1 Relationsh ip to old theories of growth 

Harrodd (1935) and Domar (1937) discuss the (in)stability of the growth process. On a balanced growth 

pathh the warranted growth rate must be equal to the natural growth rate. The warranted growth rate of 

ann economy is given by the ratio of the aggregate savings rate divided by the capital-output ratio, and the 

naturall  growth rate by the sum of the rate of population growth and the rate of labour-augmenting 

technicall  progress. In general, one can think of four main channels by which balanced growth can be 

ensuredd and each of these channels is associated with a particular brand of theory of economic growth 

(seee van der Ploeg (1984) for a survey). 

Thee first channel is through adjustments in the aggregate savings rate arising from changes in 

thee functional distribution of income. These are the Post-Keynesian stories of the symbiotic 

contradictionss of capitalism and the class struggle associated with the names of Michael Kalecki, Joan 

Robinson,, Nicholas Kaldor, Richard Goodwin and Luigi Pasinetti ("UK Cambridge"). The idea is that 

workerss save a smaller proportion of their income than capitalists so that the savings ratio and the 

warrantedd rate of economic growth decline when the national income share of labour increases. The 

22 Scott (1989) is one of the few recent contributions to the literature on growth that acknowledges the classic work of Conlisk 

(1969). . 

33 Both Scott (1989) and King and Robson (1989) postulate a technical progress function, somewhat in the spint of Kaldor (1957), 

ratherr than a neoclassical production function. Other contributors to this issue take this tack, so we focus on the use of neoclassical 

productionn functions to explain endogenous growth. 
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secondd channel relaxes the Post-Keynesian assumption of complementarity between the factors of 

productionn and thus arrives at balanced growth through adjustments in the capital-output ratio. This is, 

off  course, achieved by neoclassical substitution between the factors of production and is associated with 

thee names of Robert Solow and others ("US Cambridge); this was the route emphasized in the traditional 

theoriess of economic growth whose international features were highlighted in section 2.4 

Thee third and fourth channels arrive at balanced growth through adjustments in the natural rate 

off  growth. The third channel does this through adjustments in the population growth rate and is 

associatedd with the name of Robert Malthus. The fourth channel, in contrast, does this by adjustments 

inn the rate of technical progress and is highlighted by the new theories of endogenous growth. 

Thee new theories of endogenous growth adopt the assumption of a constant ratio of a very broad 

measuree of capital to national income. At least four different views on the relevant concept of capital, 

i.e.. on the engine of endogenous growth, have been put forward in the recent literature on economic 

growth. . 

2.2.22.2.2 Learning by doing 

First,, Romer (1986) has revived the work of Arrow (1962) on learning by doing and should get the credit 

forr making theoretical and empirical research into questions of economic growth fashionable again. In 

manyy ways one could argue that the new theories of economic growth tackle old and important questions 

withh new tools. 

Bothh Romer and Arrow assume that investment in knowledge by one firm has a positive effect 

onn the production possibilities of other firms, as knowledge cannot be perfectly patented or hidden from 

otherr rival firms in the industry or the economy. Consequently, production of consumption and capital 

goodss may display constant or increasing returns to scale with respect to reproducible productive factors, 

i.e.. physical capital and knowledge, at an aggregate level but decreasing returns to scale at a firm level. 

Duee to the absence of an effective patent market, the stock of knowledge is like a public good. As firms 

doo or cannot fully internalise the effect of its investment on the publicly available stock of knowledge 

andd technology, the rate of economic growth is beneath the socially optimal level. This provides a strong 

reasonn for government intervention in order to correct for the absence of patent markets. This provides 

aa justification of why many politicians argue for public subsidies for private expenditures on R&D. 

Thee standard Ramsey model achieves balanced growth through adjustments in both the capital-output ratio and the aggregate 

savingss rate. Growth in private consumption occurs when the market rate of interest exceeds the subjective ratee of time preference, 

particularl yy if the elasticity of intertemporal substitution is high. The aggregate savings rate, however, only increases with the 

interestt  rate if the substitution effect dominates the income effects (i.e. if the elasticity of intertemporal substitution exceeds unity). 
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Whenn an effective patent market does exist, however, there may be a danger of overinvestment 

inn the sense that the growth rate of a decentralised market economy may then be higher than the socially 

optimall  growth rate. The problem may be that firms are engaged in a R&D race in which each of them 

triess to win a contest in which the price at the end of the race is an infinitely-lived patent (see Beath, 

Katsoulacoss and Ulph (1992) for a survey of these issues). Of course, the required policy response of the 

governmentt in such a situation is very different from the case in which patent markets are missing. 

2.2.32.2.3 Intentional accum ulation of human capital 

Thee second tack that the literature on endogenous growth has taken is based on Lucas (1988), who has 

focussedd on the intentional accumulation of human capital. Embodied knowledge can be increased by 

devotingg time to learning, but naturally this goes at the expense of time devoted to work or leisure. 

Humann capital can be considered as an asset, so that the financial return on investment in human capital 

(i.e.. training, education, etcetera) must be compared to the return on non-human financial assets. Building 

onn the classic work of Uzawa (1965), Lucas (1988) assumes that the accumulation of human capital is 

subjectt to constant (or increasing) returns to scale. 

Lucass formulates his model for infinitely-lived households. He also defends the validity of his 

modell  if households have finite lives by arguing that the stock of human capital may be transferred from 

olderr generations to younger generations. Like Romer and Arrow, Lucas presupposes that the stock of 

knowledge,, i.e. the stock of human capital, has a positive external effect on the production of goods, 

thoughh this is not a necessary assumption for a sustainable and endogenous rate of economic growth. 

Hence,, knowledge is according to this view very much a public good. A striking example of an external 

effectt is language. It is not much use being able to speak a particular language if the people that you have 

sociall  and economic relations with do not speak the same language as well. Similar arguments hold for 

thee use of computer software and many other skills. 

Againn it is easy to argue that in a competitive market economy the public good character of 

intentionall  accumulation of knowledge yields a growth rate that is lower than the socially optimal growth 

rate.. This provides a strong rationale for government intervention in the form of publicly provided 

schoolingg (particularly at the elementary level) and training. One could also think of government 

subsidiess to private training programmes in order to achieve an efficient growth rate. 
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2.2.42.2.4 Research and development 

Third,, some authors have put research and development central in their analysis of the engine of 

economicc growth (for example, Romer, 1990, Grossman and Helpman, 1990,1991, Aghion and Howitt, 

1992).. The output of R&D may be seen as blueprints for new products or for a better quality of products. 

Thee initial investment in R&D is counterbalanced by a subsequent stream of profits, because the 

producerr of a differentiated good has at least temporarily a monopoly arising from, for example, a patent 

onn the blueprint for this newly developed good. 

Thee Schumpeterian idea that innovative activities depend on the expected profitability is clearly 

reflectedd in these models. An increase in monopoly power, in other words an increase in the discounted 

valuee of future profits arising from (say) a lower price elasticity for the demand for the product that is 

beingg sold, typically implies an increase in R&D. This implication is not at odds with the common belief 

thatt competition fosters economic growth. It only emphasises that urge for and existence of profits are 

essentiall  for firms to conduct innovative activity. 

Consumerss benefit from the production and sale of the invented goods both directly and 

indirectly.. The reason is that, on the one hand, consumers value variety or quality while, on the other 

hand,, productivity depends positively on the variety or on the quality of factors of production (e.g. those 

boughtt from the capital goods industry). The growth rate of the economy corresponds to the growth in 

thee number of varieties or in the quality of consumer and capital goods. 

Technologicall  spillovers play an important role. In the case of expanding product variety, the 

productivityy of R&D is thought to be positively linked to the pool of public knowledge. An increase in 

thee number of varieties decreases profits per brand, as expenditure is spread (evenly) over all varieties, 

butbut the higher number of varieties increases productivity of R&D. As both forces tend to cancel each 

other,, investment in R&D remains profitable. In the case of rising product quality introduction of a 

productt on the market contributes to the stock of knowledge, because the attributes of the products can 

bee studied and effort can be directed to improve upon the state of the art. 

2.2.52.2.5 Public infrastructure 

Thee fourth direction in which the new theories of endogenous growth have progressed is based on the 

workk of Barro (1990) and Barro and Sala-i-Martin (1992). They have exploited the idea that government 

investmentss in both the material infrastructure (think of public highways and railways) and the 

immateriall  infrastructure (think of education, protection of property rights and the like) are essential to 

economicc growth. Effectively, the production function is extended to include government services that 

raisee the productivity of private capital. The idea is that there is constant (or increasing) returns to scale 
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withh respect to capital of all the firms in the industry or economy together as well as the spending on 

publicc goods. Clearly, an increase in the national income share of public investment goods boosts the rate 

off  economic growth. 

However,, in as far as the increase in public goods must be financed by distortionary taxes, the 

after-taxx marginal productivity of capital, the rate of interest and the rate of economic growth are 

diminished.. This part of the literature adds some public finance arguments by examining the optimal tax 

ratee and provision of public goods. 

2.2.62.2.6 Evaluation of various theories of endogenous growth 

Thee recent elaborations of the orthodox neoclassical theory are not mutually exclusive and have many 

commonn features. They share the notion that technical progress is not manna from heaven, but is related 

too economic activity. With the exception of the fourth view the intentional accumulation of knowledge 

iss brought to the fore as the driving force behind economic growth. The deliberate search for new and 

betterr products or production techniques, the conscious exploration and exploitation of the economic 

environment,, whether this environment is to an individual scientist nature or to a particular firm a market, 

ratherr than the duplication of already existing means, methods and ideas, constitutes the basis of 

technicall  progress. 

Thee level of technology cannot increase suddenly and drastically. Technical advancement 

proceedss gradually, and productivity and augmentation of productivity in the present are conditional on 

investmentt (in a broad measure of capital) in the past. The pace of economic growth depends on 

intertemporall  preferences of households, i.e. on the choice between consumption and saving, as is 

emphasisedd by the Ramsey (1928) model of economic growth. In the Ramsey model households are 

thoughtt to choose a consumption path overtime. The steepness of this path, i.e. the growth rate of private 

consumption,, depends negatively on the degree of impatience for current consumption and positively on 

thee willingness to substitute current for future consumption and the real rate of return on savings, 

particularlyy so if the elasticity of intertemporal substitution is high. 

Ann increase in the real rate of return induces households to save a greater fraction of their income 

iff  the substitution effect dominates the income effect. It also induces households to postpone 

consumption,, so that the rate of growth of private consumption is increased. Many authors however think 

thatt the decision to save is distorted by the impossibility to collect the yield of investment fully, as ideas 

cannott be kept secret and the use of ideas cannot be adequately protected by law. The development of 

thee computer program 'Windows' by Microsoft has at least been inspired by the success of Macintosh. 

However,, the external effect of investment may not be confined to investment in R&D or in education. 
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Obviously,, France or the United Kingdom never considered to build the Chunnel on its own. Other 

exampless of an external effect of investment in public infrastructure are the passes in Switzerland that 

aree crucial to the efficient flow of traffic within the European Union. The downward bias in the return 

onn investment causes the rate of private savings to be too low. 

Thee recent neoclassical theories may differ in their characterisation of knowledge. Knowledge 

cann be considered a rival or a non-rival productive factor. A factor can be called non-rival if usage for 

onee purpose does not limit usage for other purposes. Clear examples are dykes, television programs and 

thee principle of the internal combustion engine. Romer (1986,1990) and Grossman and Helpman (1990, 

1991)) represent knowledge, especially the contributions of R&D, as a non-rival productive factor. From 

Lucass (1988), however, derives the notion that knowledge and labour may be intangible. A surgeon can 

devotee his attention to only one patient at the same time.5 The same distinction applies to publicly 

providedd goods. Barro (1990) argues that few of these goods are not subject to congestion. This argument 

cann be illustrated by many examples, like roads or recreation areas (think of traffic jams or of a coastal 

resortt on a sunny day). It also applies to protection of property rights, as employment in the legal system, 

forr example the number of criminals, is a function of the size of the population. 

Non-rivall  technology implies that production is subject to economies of scale at an aggregate 

level.. Remember that production is at least linearly related to a broad measure of capital, so that a 

doublingg of both the labour force and the stock of capital amount to more than a doubling of production. 

Thiss outcome often incites the criticism that ongoing accumulation of capital and growth of the 

populationn therefore imply that the rate of economic growth accelerates rather than approaches a constant 

value. . 

Thee impeccable logic of this argument can be questioned. First, Romer (1986) implicitly refers 

too the traditional idea (see for example Hicks, 1949) that an upper boundary on the rate of economic 

growthh may exist. Second, the argument is partial and has to be extended to include an explanation for 

thee population growth; one may wonder whether the decrease in the population growth in the western 

worldd is a mere coincidence or can be partially attributed in a Malthusian fashion to the increase in the 

standardd of living (see for the subject of endogenous population growth Barro and Becker, 1989). 

Besides,, Romer (1990) provides rudimentary evidence that the rate of economic growth has risen over 

thee last two centuries. 

55 As usual the distinction may be ambiguous in practice: a book can be read by one person at the same time, but by many persons 

inn time. 
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2.33 Growth and development: Convergence or  divergence? 

Differencess in growth rates between countries should perhaps have been on Kaldor's list of stylised facts. 

Thee orthodox neoclassical theory clearly predicts that the growth rates of different countries should 

convergee in the long run. The crucial assumption for this convergence in growth rates is diminishing 

marginall  productivity of capital. Poor countries with a dilapidated and low level of the capital stock have 

lotss of investment opportunities and face high real interest rates, so that consumers have a strong 

incentivee to postpone consumption and save. This is why neoclassical theory predicts that poor countries 

havee higher growth rates than rich countries on the adjustment path towards the equilibrium growth path. 

Inn fact, neoclassical theory also strongly suggests that there is a natural tendency for production per head 

off  different countries to converge, mainly because technology is universally available and applicable. 

Neoclassicall  theory thus has a fairly optimistic view on growth and development. However, the 

empiricall  speed of convergence is much slower than the traditional neoclassical theory predicts. This is 

whyy Mankiw, Romer and Weil (1992) include human capital as a separate factor of production into a 

Solow-stylee growth model. This way they explain the observed too low pace of convergence and 

rehabilitatee the main qualities of the Solow (1956) model. However, their extension of the traditional 

theoryy does not consider the possibility of capital mobility. 

2.3.12.3.1 Saving, investment and the current account 

Ass the marginal productivity of capital in poor countries is thought to exceed that in rich countries, it is 

efficientt for the poor countries to borrow from the rich countries at a large scale. A flow of funds from 

Northh to South could increase the speed of convergence of growth rates considerably and would be an 

excellentt policy to raise productivity in the South. The theory suggests that, in the absence of any 

restrictionss on the mobility of capital (for example irreversibility of investment), the speed of 

convergencee should be infinite. Perfect mobility also implies that domestic saving and domestic 

investmentt should be uncorrelated. The "golden rule" says that the optimal level of the current account 

deficitt being the net increase in the wealth of a nation should be equal to the level of investment with a 

marketmarket rate of return? 

However,, empirical estimates by Feldstein and Harioka (1980) sharply contradict this prediction. 

Barro,, Mankiw and Sala-i-Martin (1995) claim that in practice the flow of capital is restrained by 

Changess in net wealth should also reflect any shortfalls of the current level of production from the permanent level of production 

minuss any discrepancies between the current level of public spending and the permanent level of public spending. See e.g. Sen 

(1993). . 
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imperfectionss on the market. In particular, they assume that the collateral value of human capital is 

negligiblee in practice and the amount of debt is restricted by the collateral value of physical capital. In 

thee case of capital mobility and an operative restriction on borrowing, the speed of convergence is faster 

thann in the case of capital immobility but nevertheless finite. The process of convergence in a partially 

openn economy resembles that of a closed economy. Still, capital is thought to flow during the process 

off  adjustment from rich countries to poor countries. The particular imperfection of the capital market, 

unfortunately,, restores the link between domestic saving and domestic investment. It yields a partial 

explanationn of the Feldstein-Horioka puzzle, as only some countries encounter restrictions on borrowing. 

2.3.22.3.2 International spillovers of investment 

Theoriess of economic growth are usually formulated and developed for a closed economy. The 

predictionss from the new theories of growth about convergence and development depend on the 

translationn of these theories to the context of open and interdependent economies. Recent literature 

suggestss that international spillovers of investment may provide besides (perfect) capital mobility a 

strongg reason for convergence of growth rates, although differences in levels of output and of 

consumptionn between countries may remain (see for example Grossman and Helpman, 1991, and 

Alogoskoufiss and van der Ploeg, 1994b). Spillovers of technology cause the marginal productivity of a 

broadd measure of capital in a backward area to exceed that in an advanced area, so that the incentive to 

investt in the former area is higher than in the latter area. What are the territorial boundaries of the 

spillovers?? Are external effects of investment confined to an area like Silicon Valley or are spillovers 

international?? Although the external effects of investment in R&D are more likely to cross borders than 

thosee of investment in human capital, this question has to be answered empirically rather than 

theoretically.. Note however that both the older and the newer theories (may) predict convergence 

betweenn countries, in levels of productivity respectively in rates of growth, so that they are not easy to 

distinguishh empirically. 

Grossmann and Helpman (1991), Buiter and Kletzer (1991) and Alogoskoufis and van der Ploeg 

(1990,, 1994b) have constructed examples in which growth rates of output differ between countries 

permanently.. Even though international mobility of (physical) capital is perfect, differences can arise in 

thesee examples when the production of a tradable commodity requires non-tradeable and reproducible 

inputs.. The results of Buiter and Kletzer and Grossman and Helpman rely on the assumption that 

internationall  spillovers of knowledge are absent. Buiter and Kletzer focus on the accumulation of human 

capital.. Due to differences in intertemporal preferences of households or, more importantly, in public 

expendituree on schooling countries grow at disparate rates. Grossman and Helpman show that, under the 
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assumptionn that invention and production of a variety are intrinsically related, a large country can gain 

ann (absolute) advantage in the research for and the development of new varieties due to economies of 

scale.. It follows that a large country can specialise in the conduct of R&D at the expense of innovative 

activityy in a small country. Alogoskoufis and van der Ploeg model international spillovers of knowledge 

andd find convergence of growth rates, unless the costs of adjustment for investment projects differ 

betweenn countries. These adjustment cost can, in fact, be considered as a non-tradable input. 

Thee point of international spillovers in the production process is that there are decreasing returns 

too capital at a national level but constant (or increasing) returns to capital at a global level. This means 

thatt there is some scope for convergence, particularly if there is capital mobility and the importance of 

non-tradedd factors of production is not too large, while at the same time the growth rate of the global 

economyy is endogenous. More analytical details on these arguments may be found in section 4. 

2.3.32.3.3 Subsistence, poverty and growth 

Exampless of lasting differences in growth rates do not necessarily imply that the welfare of households 

inn distinct countries develops differently, for the households may face due to perfect mobility of capital 

thee same possibilities for investing their savings. However, this has the odd implication that developing 

countriess are best helped by an unrestricted access to the global capital market. Note that differences in 

levelss of consumption may be persistent. Rebelo (1992) therefore focuses attention on subsistence levels 

off  private consumption. Consumption in poor countries may then grow at a slower rate than in rich 

countries,, for in poor countries resources are devoted to subsistence consumption needs rather than to 

savings.. In the case of a closed or partially open economy this may temporarily reverse the theoretical 

predictions.. In the traditional story a developing country may have abundant opportunities to invest, so 

thatt the incentive to save is high and the growth rate can exceed that in a developed country. However, 

fundss for investment may not abound as in developing countries a large part of income is used to satisfy 

thee basic needs. For this reason the convergence in levels of productivity or in the rates of growth, as is 

predictedd by the traditional respectively recent theory of growth, may be very slow (cf. Kuznets, 1966). 

Inn fact, poor countries whose citizens need to devote a large part of their income to subsistence needs 

mayy grow at a slower rate than rich countries. This is, of course, in strong contradiction with the 

orthodoxx neoclassical theory of economic growth. 
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2.44 Growth and fiscal policy 

Thee familiar framework of optimizing infinitely-lived agents often yields Ricardian equivalence between 

publicc debt issue and taxation (Barro, 1974). However, this equivalence is violated by the birth of new 

householdss (see Weil, 1985). The current stock of public debt is in the hands of the existing households, 

butbut wil l in the future be serviced in part by yet non-existing households. If the former households do not 

valuee the consumption of the latter, a fraction of the public debt is net wealth to the existing households. 

Thiss section wil l show that as a consequence public debt and government spending may crowd out 

privatee investment and depress economic growth. It builds on work by Alogoskoufis and van der Ploeg 

(1991,, 1994a, 1994b). 

Thee analysis distinguishes two countries that produce a homogenous, perfectly substitutable 

goodss and impose no restrictions on trade. Also, domestic and foreign assets are perfect substitutes and 

thee flow of capital between the countries is unrestricted. The countries are identical with respect to the 

technologyy of production, intertemporal preferences of the households and demographic structure, but 

mayy differ in the stock of public debt and in government spending. Firms produce under perfect 

competitionn and face constant returns to scale, but benefit from both domestic and international spillovers 

off  knowledge and from public investment. Governments spend on two types of public goods, viz. (pure 

Samuelson-style)) public consumption goods and growth-promoting public infrastructure (training, R&D, 

etc.),, levy lump-sum taxes and issue debt. Households do not have an intergenerational bequest motive. 

Entryy (i.e. birth) of new households occurs at the rate P and households face a constant instantaneous 

probabilityy of death X, so that the growth rate of population amounts to n = P - k. Hence, attention is 

focussedd on a world with two main types of externality: (i) production externalities arising from 

spilloverss in production; and (ii) consumption externalities because the currently alive cannot trade with 

generationss that will be born in the future. This section investigates the analytical implications of 

endogenouss growth and overlapping generations for the international economy. 

2.4.12.4.1 An overlapping generations model for two countries. 

Expectedd utility of a household born at time v and living at time t can be written as 

t/(v,00 = ƒ u(c(v,5)) C-<P *«<*-'> ds, (2.1) 
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wheree the effective discount rate equals the sum of the subjective rate of time preference (p) and the 

probabilityy of death (X), u represents instantaneous utility and c denotes private consumption. 

Instantaneouss utility is an iso-elastic function of consumption 

u(c(v,t)) u(c(v,t)) 
c(y,t) c(y,t) ,, a > 0,a * 1, 

11 - -

lnc(v,/),, a = 1, 

(2.2) ) 

wheree a represents the intertemporal elasticity of substitution. The household maximizes expected utility 

subjectt to the budget constraint 

dada((vv>^>^ = [r(f) +\]a(v,0 + w(v,t) - T(V,0 - c(v,t), 
dt dt 

(2.3) ) 

wheree a, w and x denote non-human assets, gross wage income and lump-sum taxes. Households leave 

theirr estate contingent on their death to insurance companies, but receive premiums (Xa) during their 

lifetimee from these companies. Under the assumption of free entry and perfect competition the payments 

byy and the receipts of the insurance companies exactly match, so that the insurance premium is 

actuariallyy fair and no profits are made. Private consumption amounts to a fraction of the sum of non-

humann and human wealth: 

c{v,t)c{v,t) = cp(r) (a(v,t) - h(v,t)), (2.4) ) 

wheree cp is the marginal propensity to consume out of wealth, 

9(00 - if 
- | [ ( l - a ) r ( » ) * o p . A ] < / H H 

ee ' ds (2-5) ) 

andd human wealth (h) is the present discounted value of future wage income minus taxes, 

h(v,t)h(v,t) = f e ' [w(v,s) - T(V^S)] ds. (2.6) ) 

Thee marginal propensity to consume is also determined by the future path of the real interest rate. The 

effectt of the real interest on spending depends on the magnitude of the intertemporal elasticity of 
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substitution.. If a > 1 the substitution effect dominates and spending is negatively related to the interest 

rate,, because the main effect of a higher interest rate is a reduction in the price of future goods which 

inducess substitution away from current to future goods. However, if a < 1 the income effect dominates 

andd spending is positively related to the interest rate, so that the main effect of a higher interest rate is 

aa higher level of real income which induces more consumption of both current and future goods. If the 

intertemporall  elasticity of substitution equals unity, the substitution and income effect exactly cancel and 

thee marginal propensity is constant and equals the effective discount rate, i.e. the sum of the subjective 

ratee of time preference and the instantaneous probability of death (p+X). Both wage income and taxes 

aree assumed to independent of age, so that differences in human wealth between households vanish. 

Thee cohort of households born at time v is at time t only a fraction of the initial size, 6L(v)exp[-

X(/-v)],, where L(v) = exp(«v) denotes the size of the population at time v. This can be used to aggregate 

variables.. Given that newly born households do not inherit non-human wealth (i.e. there is an absence 

off  an intergenerational bequest motive), differential equations for total private consumption, total private 

non-humann wealth and the marginal propensity to consume can be obtained (cf. Blanchard and Fischer, 

1989,, Chapter 3): 

C(t)C(t) = [o{r(t)-p)+n]C(t) - m)A(t), (2.7) 

A(t)A(t) = r{f)A(t) + W(t) - T(0 - C(t), (2.8) 

«P(00 = [O-oMO+op+XJ-yO - 1. (2-9) 

Thee government finances its consumption (G) and the interest payments on debt (£>) by lump-

summ taxation (7) and/or the issue of debt: 

D{i)D{i)  = r(t)D(t) + G(t) - J\t). (2.10) 

Solvencyy of the government requires that sum of the current stock of debt and the present value of future 

consumptionn does not exceed the present value of future taxes, 

ii  J 

»» -tr(u)du "  -fr(u)du 

D(t)D(t) + f e  G(s) ds s f e ' 7\s) ds. (2-11) 
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Thee world consists of two countries. As domestic and foreign goods and assets are perfect 

substitutess and the flow of goods and of assets are unrestricted, the agents inn both countries face the same 

pricee on the product market and the same real interest rate. The accumulation of external assets (F) can 

bee deduced from the current account. The accounting identity for an open economy says that the current 

accountt matches national income (Y), which is in this case the sum of production and interest payments 

onn external debt or receipts from external assets, minus domestic absorption: 

F(t)F(t) = rit)F(t)  + Y(t) - C(t) - I(t) G(t), where I(t) = K(t) + 5tf(/). (2.12) 

Thee trade balance is the excess of domestic production over domestic absorption (Y-C-I-G). Equilibrium 

onn the world goods markets requires that, given that we assume that the law of one price holds 

throughoutt the world, total demand for goods by households, firms and governments in the two countries 

mustt equal total supply of goods by the two countries. 

2.4.22.4.2 Domestic and international spillovers in production 

Thee model combines the orthodox theories of economic growth with the new theories of endogenous 

growthh by assuming decreasing returns to capital at the national level but constant returns to a broad 

measuree of capital at the global level. 

Firmss are identical and operate in perfectly competitive goods and factor markets. They produce 

accordingg to the production function P(KML), which displays constant returns to scale with respect to 

thee use of capital (K) and labour {ML), where the latter is measured in units of efficiency. The efficiency 

off  labour, M, depends on the capital stock in the two countries as well as on domestic public 

infrastructure.. The labour market is assumed to clear at any instant and the labour supply is exogenous 

(and(and assumed to equal unity for an individual household). 

Technologyy of fumy at time t is given by: 

yij,t)yij,t) - P(kiJ,t)Mt)lH,t)) with mity_M(K(t)K'(t),S(t)) ( 2 n ) 

Lyt)) Lyt)) 

wheree y, /, S, if and m denote output, employment, public infrastructure, foreign capital and the 

efficiencyy of labour, respectively. The economy-wide efficiency of labour (m) increases when the capital 

(thinkk of R&D, ideas, etc.) of other firms in the domestic economy or abroad increases and when 

expendituress on public infrastructure increases. The former two effects capture external effects of the 

typee stressed by Arrow (1962) and Romer (1986), whereas the latter effect has been stressed by Barro 

(1990).. Note that the productivity of labour depends on a rival good. The novel feature is that this 
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productionn function integrates the old and the new theories of growth by allowing for decreasing returns 

too private capital at the national and a fortiori  at the firm level Ol^Tli+r^ 1) but constant returns to 

capitall  and public infrastructure at the global level. The production function P(.) is assumed to display 

constantt returns to scale and to have a Cobb-Douglas specification: 

y(j,t)y(j,t) = Qk(j,t)1]'l(J,t)l-n' 
K{trK\ty>S(t) K{trK\ty>S(t) ii - i i 12I3 

W) W) i -n , , 
,, e . ^ r ^ r ^ O, n ,+n2+n3<l , (2.14) ) 

wheree 6 denotes the efficiency of production. 

Underr the assumption of perfect capital mobility the dynamic optimization problem of the firm 

collapsess into a static one. Maximization of the present discounted value of the firm demands that the 

marginall  productivity of capital equals the user cost of capital, i.e the sum of the interest rate and the 

depreciationn rate 8, and that the marginal productivity of labour equals the wage. In symmetric 

equilibrium,, we obtain: 

K 0 + 55 =n. A/,0 A/,0 
k{j,t) k{j,t) 

== n.e K'{t) K'{t) n3r r 

K(t) K(t) 
5(0 0 
K(t) K(t) 

i-n-i3 3 

,, n ^ " i + " 2 
(2.15) ) 

Theree is a global capital market. Arbitrage ensures that interest rates are equalized throughout 

thee world {r  = r'). Foreign variables are denoted with an asterisk. It follows that the equilibrium world 

interestt rate and relative capital stock can be rewritten as: 

n.^98*[(SIK)(S'IK*)]'* n"5-5,, KIK' SIK SIK 

[S'/K'j [S'/K'j 

1 - 1 - 13 3 

(2.16) ) 

Thee global interest rate increases with the geometric average of the domestic and foreign efficiency of 

production,, and both the home and foreign intensity of public infrastructure. Countries with a higher 

efficiencyy of production and a higher intensity of public infrastructure end up with more private capital 

thann other countries. Note that aggregate non-asset income corresponds to the return on domestic and 

foreignn spillovers in production and the return on public infrastructure, all of which individual firms do 

nott have to pay a price for, i.e. W=(\ -nl) Y which corresponds to the wage bill when firms set the 

marginall  productivity of labour equal to the wage. Aggregate home and foreign production can be written 

as: : 

YY = QK^K'^S1'^ = QK, Y*=GK', Q^TJQQ'iiS/KHS'lK'))*  ̂ . (2.17) ) 
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Notee that the existence of a global capital market ensures that all countries have the same output-capital 

ratioo and that this ratio increases when efficiency of production or public infrastructure at home or abroad 

increases.. Hence, there is international convergence of growth rates of both output and capital: 

KK Y 
yy = — = — = y', 7i = y-n, n'= y-n' . (2.18) 

Off  course, there is no international convergence in levels of income per capita. Poor countries (low 9, 

loww SIK) have a lower output and capital stock than rich countries. Clearly, countries with a fast-growing 

populationn must tolerate a lower growth in income per head (ic) than other countries. 

2.4.32.4.3 Loose budgetary policy stances destroy global growth prospects 

Thee evolution of private consumption, public debt and foreign assets are still described by equations 

(2.7),, (2.10) and (2.12). A glance at equations (2.9) and (2.16) reveals that the marginal propensity to 

consumee out of wealth is constant as the ratio of public investment to the capital stock in the two 

countriess is assumed to be constant at any point of time. In the following the variables will be scaled by 

privatee capital. 

Sincee the external assets of one country are matched by the external liabilities of the other 

countryy and we assume that the structures of the home and foreign country are symmetric, the global and 

relativee effects of budgetary policy can be analysed separately. If one denotes global averages of 

variabless with the subscript A (e.g. CA = Vi[(CIK) + (C "IK  *)]) , the world economy can be described by: 

CCAA = [o{r-p)+n-y]C A - p[crp + (1 -o)r + X](1 +DA) (2.19) 

DDAA -{r-y)DA  GA + SA - TA (2.20) 

wheree the global interest rate and the growth rate are given by 

rr = TI,0 - 5, Y = (®-CA-GA-SA) -5 . (2.21) 

Thee expression for the global growth rate is no less than the Harrod-Domar condition for balanced 

growthh in the world economy, that is the net growth rate (y-6) equals the propensity to save (i.e. one 

minuss the sum of private and public propensities to consume) divided by the capital-output ratio. It thus 

definess a negative relationship between the global private consumption (CA) and the global growth rate, 

namelyy the HD-locus in Figure 2.1. The HD-locus shifts down when government consumption is 
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increased.. Public infrastructure also crowds out private savings and investment and reduces growth 

prospects,, but at the same time it raises the productivity of private capital and boosts growth prospects. 

Thee equation for the evolution of private consumption wil l be called the Overlapping 

Generationss locus. When there is no entry of new generations (P=0), the OG-locus reduces to the 

Ricardiann Equivalence locus. The RE-locus is vertical, since it defines the global growth rate as the 

modifiedd golden rule (y = a(r-p) + n). This RE growth rate is the growth rate stressed by Romer (1986) 

andd others. It increases when the efficiency of production at home or abroad increases, when public 

infrastructuree at home or abroad increases, when the extent of domestic and international spillovers in 

productionn is large, and when households become more patient. These effects are large when the 

elasticityy of intertemporal substitution is big. The RE growth rate does not depend on non-productive 

budgetaryy policy stances or intertemporal shifts in taxation, which is a logical consequence of debt 

neutrality. . 

Figuree 2.1 Overlapping generations and endogenous growth 

Thee RE growth rate provides an upper bound on the growth rate of a world with consumption 

externalitiess (P>0), that is the RE-locus is an asymptote of the OG-locus. This is not surprising, because 

thee fact that households are finitely lived and know that they can shift the burden of future taxes to yet 

unbornn generations makes them consume more and save less so that less funds are available for 
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investmentt purposes and growth prospects decline. The OG-locus slopes upwards, because a higher 

growthh rate of private consumption means that households save a lot of assets so that in equilibrium 

householdss can afford to consume more. 

Globall  equilibrium is at the intersection of the HD- and OG-locus. As long as the ratio's of 

governmentt debt to national income are constant, there is no transitional dynamics. Both private 

consumptionn and the growth rate immediately jump to their new equilibrium values. The OG-HD 

equilibriumm induces a lower growth rate and higher national income share of private consumption than 

thee RE-HD equilibrium (compare E with E„). Since new generations of households share the burden of 

servicingg the government debt, current generations consume more and save less than in a world with 

infinitee horizons and intergenerational bequest motives. As a result, less funds are available for 

investmentt and growth is less. Hence, global growth is less than in a first-best outcome on account of 

bothh consumption externalities (P>0) and of domestic and foreign spillovers in production (n,<l). 

Inn a world characterized by Ricardian debt neutrality (p=0) pure demand-side oriented budgetary 

policyy cannot affect global growth. Increases in government consumption lead to 100 per cent crowding 

outt of private consumption (compare E0 with E0"), whereas intertemporal shifts in (lump-sum) taxation 

leavee private consumption unaffected. However, supply-side oriented budgetary policy such as increases 

inn national income shares of public infrastructure at home or abroad raise the marginal productivity of 

privatee capital and thus the interest rate so that households find it attractive to postpone consumption and 

growthh prospects improve (cf, Barro, 1990). Naturally, such a supply-side policy leads to more than 100 

perr cent crowding out of private consumption (compare E0 with E0"). Note that due to the twin 

assumptionss of a global capital market and (imperfect) international knowledge spillovers, it does not 

matterr for the global growth rate in which part of the world the public infrastructure is undertaken. 

Noww consider a more realistic situation in which there is entry of new generations and debt 

neutralityy does not hold (f3>0). A rise in the global ratio of government debt to national income may come 

aboutt through a postponement of taxation. Current generations of households undertake a consumption 

bonanza,, because they know that future taxes will also be shouldered by future, yet unborn generations. 

Lesss funds are available for investment purposes and global growth declines. This may be seen from the 

upwardd shift of the OG-locus (equilibrium moves from E to E'). 

AA balanced-budget increase in the global (national income) share of government consumption 

(GA)) crowds out private consumption on account of the higher taxes that are required to finance 

governmentt spending. Since part of the burden of higher taxes in the future is born by future generations, 

crowdingg out is less than 100 per cent. On balance global savings and investment decline so that the 
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globall  growth rate falls. The above is confirmed by the inward shift of the HD-locus (equilibrium moves 

fromm E to E"). 

Clearly,, a looser (demand-side oriented) budgetary policy, irrespective of whether it occurs at 

homee or abroad, destroys growth prospects throughout the world. An expansion of supply-side budgetary 

policiess such as public infrastructure has two effects. On the one hand, it suffers from the usual crowding 

outt of private consumption and fall in growth that is associated with any increase in government 

expenditures.. On the other hand, it raises the marginal productivity of private capital and boosts global 

growth.. In addition to the inward shift of the HD-locus, there is an outward shift of the OG-locus so that 

thee equilibrium moves from E to Em. Although it is clear that the national income shares of private 

consumptionn must fall, it is not possible to say a priori  whether the global growth rate wil l decrease or 

increase. . 

2.4.42.4.4 External debt and government debt 

Too complete the solution of the world model, it is necessary to analyse the global differences which will 

bee denoted by the subscript R (e.g. CR = (OK) - (C*IK *)): 

CCRR = [°(r-p)+n-y]C R - p[ap + (l -o)r + X](DR+FR) (2.22) 

PRPR = (r-y)F*  -CR-GR ~SR (2-23) 

wheree r and y have already been determined by the global averages. Assume that the world interest rate 

exceedss the world growth rate (r>y) and that the home country has a higher national income share 

governmentt spending than the foreign country (GR + SR>0). It follows that the locus describing 

equilibriumm on the current account (the CA-!ocus) slopes upwards and has a negative intercept with the 

verticall  axis in Figure 2.2. The locus describing common growth rates in the national income shares of 

privatee consumption (the CR-locus) slopes upwards, as y-n<o(r-p). Assume the saddle-path condition 

iss satisfied. 
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Figuree 2.2 Budget deficits and foreign debt 

A A 

Steadyy relative 
consumption n 
(CR) ) 

Steadyy foreign 
assetss (CA) 

Ann instantaneous increase in the ratio of government debt to national income at home relative 

too that ratio abroad (higher DR) shifts the CR-locus to the left. The new equilibrium E' is associated with 

ann decrease in private consumption at home relative to abroad and an accumulation of foreign debt by 

thee home country. On impact relative private consumption misadjusts, i.e. rises on account of the 

postponementt of taxation at home. Along the adjustment path the home country experiences deficits on 

thee current account and builds up foreign debt. In the long run the home country must generate a trade 

surpluss in order to generate sufficient income to service the accumulated foreign debt. The long-run 

resultt of an increase in relative government debt must thus be a fall in relative private consumption. The 

short-runn pattern corresponds somewhat to the experience of the US in the early eighties, whereas part 

off  the long-run pattern may be occurring in the early nineties. 

Ann increase in the national income share of government consumption of the home country shifts 

thee CA-locus to the right and changes the long-run equilibrium from E to E". The initial fall in relative 

consumptionn undershoots, so the home country builds up a foreign debt along the adjustment path. Over 

timee the burden of servicing the foreign debt increases, so relative private consumption falls over time. 
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Hence,, if one country goes for a postponement of taxation, it boosts private consumption in the 

shortt run but worsens growth prospects for all other countries in the world, leads to an accumulation of 

foreignn debt and reduces private consumption in the long run. If one country goes for an increase in 

governmentt consumption, it must tolerate a build-up of foreign debt and ongoing falls in private 

consumptionn and at the same it reduces global interest and growth rates. 

2.4.52.4.5 Budgetary policies, interest rates and adjustment costs for investment 

Ann unsatisfactory feature of the analysis so far is that the global interest rate depends on technological 

parameterss and supply-side oriented policies such as expenditures on public infrastructure, R&D, etc. 

butbut not on demand-side oriented government policies. One would expect the global interest rate to rise 

whenn budgetary policies throughout the world become looser. Such an extension may also help to explain 

ann empirical puzzle. The analysis so far predicts a positive correlation between interest rates and growth 

rates.. The source of this correlation is a variety of technology shocks, because it is reasonable to suppose 

thatt these shocks dominate preference shocks (in particular shocks in the subjective rate of time 

preference).. Empirically it is hard to detect such a positive correlation, hence the puzzle. These are two 

goodd reasons why the analysis must be extended to also allow for an effect of demand-side policies on 

interestt rates. A straightforward way to do this is to allow for adjustments costs for private investment. 

Firmm j maximizes the present value of future profits: 

f{y(j,v)-My)Hj,v)-f{y(j,v)-My)Hj,v)-

wheree i denotes gross investment and y stands for the adjustment cost parameter. It follows that the 

marginall  productivity of capital plus the marginal reduction in adjustment costs arising from an 

additionall  unit of capital must equal the user cost of capital and that the investment rate increases when 

thee value of the Firm (q) rises. Ignoring the effects of public infrastructure (n,, +n2 +n3 = 1, S = S' = 0), 

aggregationn across firms of these optimality conditions yields: 

iT-HV-h-i)'-iT-HV-h-i)'-
Perfectt capital mobility throughout the world then yields in steady state the global interest rate: 

1 + V ( ^ JJ ^»)exP -/Kwy» dv dv (2.24) ) 

qq = 1 +2\| /~, 11,6 
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* - 55 + 
i i . e - t ^ - i ] 2 / ^ ^ 

,, q - 1 =2\(/(Y+5) . (2.26) ) 

Sincee the value of the firm is the discounted value of future profits, there is a negative relation between 

thee interest rate (r) and the value of the stock market (q). Since a high value of Tobin's "Q" induces a high 

investmentt rate and I/K = y+5, it is clear that the production side of the economy defines a negative 

relationshipp between the interest rate and the growth or (net) investment rate. This asset market 

equilibriumm and aggregate supply relationship is represented by the AS-Iocus in Figure 2.3. The AS-locus 

slopess downwards and lies entirely below the real interest rate that would prevail if there are no 

adjustmentt costs for investment, viz. r = n,0-0. The steady-state global consumption function and the 

Harrod-Domarr condition yield the following aggregate demand relationship between growth and interest 

rates: : 

yy = o(r-p) + n -
' p [ opp + (l-aW](l+I>^ 

0 - G . - 5 - Y Y 
(2.27) ) 

whichh is represented by the AD-locus in Figure 2.3. The AD-locus slopes upwards, as long as 

(p+X)/(Y-«)>> 1 -l/o" holds which will definitely be the case if the intertemporal substitution effect is at 

leastt as big as the income effect (o>l). In that case, an increase in the global interest rate induces a 

smallerr propensity to consume out of wealth so that households save more and the world economy can 

groww at a higher rate. 
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Figuree 2.3 Real interest rates and growth rates 
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Globall  equilibrium occurs at the intersection of the AD- and AS-curves. Clearly, adjustment 

costss for investment lead, independent of whether debt neutrality holds or not, to a lower global interest 

ratee and lower global growth (compare E with E0). In general, looser budgetary policies, viz. a 

postponementt of taxes that induces a rise in the global ratio of debt to national income or an increase in 

governmentt consumption, cause a rise in global interest rates, a fall in share prices throughout the world 

andd a reduction in global growth. Those countries that are responsible for the laxer budgetary policies 

buildd up foreign debt and eventually have to pay for their effervescent fiscal policies with lower levels 

ass well as lower growth of private consumption. The other countries build up foreign assets and enjoy 

higherr levels of consumption, but have to suffer a lower growth rate. 

Thee extension explains the empirical puzzle mentioned above as long as one allows for 

departuress from Ricardian debt neutrality. If debt neutrality holds, only technical shocks induce shifts 

inn interest rates and growth rates. This results in a positive correlation between interest rates and growth 

rates.. To obtain a negative correlation between interest rates and growth rates, it is necessary to depart 

fromm debt neutrality. In that case, changes in budgetary policies induce shifts in the AD-curve and a 

negativee correlation between interest and growth rates. If shocks to budgetary policies are of the same 

orderr of magnitude as technical shocks, one observes no correlation between interest and growth rates. 

29 9 



CHAPTERR 2 

2.4.62.4.6 Divergence in growth rates 

Soo far, the assumption of a global capital market ensures that the growth rates of various countries must 

bee the same. This is obviously unrealistic. To get divergent growth rates one could assume different 

intensitiess of investment in human capital in different countries (e.g., Buiter and Kletzer.1991). An 

alternativee that stays within the spirit of the analysis so far is to allow for different costs of adjustment 

off  investment for different countries. It is easy to show that, in steady state, output in each country will 

bee proportional to its capital stock and that, if 9>0" and \py", that steady-state home capital exceeds 

foreignn capital, K>K*.  Capital flows to the country in which it has the higher marginal productivity, and 

costss of adjustment are higher. A country with high adjustment costs for investment requires a lower 

grosss investment rate in order for share prices to be equalized throughout the world. If countries start 

withh the same capital, the country with higher adjustment costs has higher share prices and attracts 

capitall  until share prices are equalized again. An equilibrium condition is that 

Y(Y+5)) = y'(Y*+8*) (2.28) 

holds.. The country, with other things equal, that faces higher adjustment costs for investment or a higher 

depreciationn rate of its capital, will end up with a lower growth rate than other countries. 

2.55 Research and development: An engine of growth 

Ann important engine of economic growth is the intentional accumulation of knowledge by the research 

forr and development of new or better products (for example, Romer, 1990, Grossman and Helpman, 

1991,, Aghion and Howitt, 1992). The following presents a theory, along the lines of Grossman and 

Helpmann (1991), in which R&D involves a continuous expansion of product variety. It is based on the 

ideass surveyed in previous sections. 

2.5.12.5.1 A model of expanding product variety 

Thee economy consists of two sectors: (i) a monopolistic competitive sector which produces differentiated 

finalfinal goods; (ii) a competitive sector which conducts R&D. Labour is the only primary factor of 

production.. Both labour and financial capital are perfectly mobile across sectors. All households are 

identical.. Consumption and savings decisions follow from the life-cycle hypothesis. The preferences of 

thee infinitely-lived representative household may be written as: 
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U(t)U(t) = ƒ C(V) ) 

1-1 1 
exp[-p(v-/)] f /v v (2.29) ) 

wheree p is the subjective rate of time preference, a denotes the elasticity of intertemporal substitution, 

andd C represents an index of private consumption. The representative household has a love for diversity, 

soo the index not only depends on the consumed amount of each variety (x,) but also on the number of 

varietiess (N): 

l*?4 l*?4 0<n< l l (2.30) ) 

Forr convenience, the range of available varieties is assumed to be continuous and the integer constraint 

iss not considered.7 Maximization of utility subject to the household budget constraint yields the Keynes-

Ramseyy rule: 

* ~ - P P == a ( r -p) , r = R-—- (2.31) ) 

wheree R is the producer (nominal) interest rate and Pc is the ideal index for the price of consumption, 

suchh that the product of the indices for this price and for private consumption equals household 

expendituree (E). The ideal price index is given by: 

rrcc = ]>/- ''  dj 
n-i i 

(2.32) ) 

Thee representative household postpones consumption and thus saves when the consumer (real) interest 

ratee (r) exceeds the rate of time preference (p), and particularly if the elasticity of intertemporal 

substitutionn is high (a). The household spends a fraction of its expenditure on each available variety: 

77 This formulation has also been used in other models of growth as (part of) a production function. The interpretation is naturally 

different,, because then a variety represents an intermediate input (Grossman and Helpman, 1991) or a capital good (Romer, 1990). 

Ann increased number of varieties entails an increased factor productivity due to a higher degree of specialization in production. 
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Pi Pi 

ft-<* ft-<* 
11 " t l (2.33) 

wheree e is the elasticity of substitution between any pair of varieties. 

Eachh variety is produced by a single firm. The monopolistic power of firms is derived from 

infinitely-livedd patents.8 A firm buys a patent from the R&D sector on a free market. This set-upp cost is 

financedfinanced by the issue of equity shares. Production of each firm displays constant returns to scale with 

respectt to the use of labour. Each firm maximizes profits subject to the perceived demand function for 

itss products, given total household expenditure, the prices set by other firms and the wage. As all firms 

aree identical and face the same conditions, firms charge the same price (p) and supply the same amount 

(x).(x). The price charged to consumers will be a constant mark-up over the wage, and profits (n) are a 

fractionn of total revenue: 

PP = 
(( 1 

1-1 1 

11 ,, .E 1 E 
ww = —w, n =( 1 -Ti > — = —— . 

nn N e N (2.34) 

Dividendss fully exhaust profits of firms. The return on equity consists of these dividends and the 

expectedd change in its stock market value. Arbitrage ensures that the rate of return on equity coincides 

withh the producer interest rate: 

—— + - ^ = R . (2.35) 
PP P 
11 N I N 

Inn a perfect-foresight equilibrium that excludes speculative bubbles in asset prices, the stock market value 

off  a typical firm in the final goods sector (PN) matches the present discounted value of future profits. As 

thee output of the R&D-sector is blueprints for new products and patents are infinitely-lived, the share 

pricee of such a firm also equals the price of a patented blueprint. 

AA representative firm in the R&D-sector can "add incrementally to the set of available products 

byy devoting a given finite amount of labour to R&D for a brief interval of time", so the number of 

Grossmann and Helpman also try to underpin the assumption of single firm by Bertrand competition between an innovator and 

ann imitator when imitation is costly and both products are perfect substitutes. However, if imitation is not too costly, Bertrand price 

settingg may not be credible. 
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varietiess cannot be increased instantaneously (Grossman and Helpman (1991, page 51). The productivity 

inn the R&D sector depends on the freely accessible economy-wide accumulated stock of knowledge as 

representedd by the number of available varieties. Ideas and information that are contained in new 

productss are instantaneously and freely available to current R&D. As a consequence, output of R&D is 

onlyy partly appropriable. Knowledge in this form is a non-rival input and its accumulation is given by: 

A>> = ANLN (2.36) 

wheree LN denotes labour employed by the R&D sector. Profit maximization implies, if demand for labour 

iss positive but bounded, that productivity of labour employed in the R&D sector must equal the relevant 

producerr wage for that sector: 

PPNNANAN = w . (2.37) 

Thee supply of labour by the households (£,) is given. Labour can be used either for R&D (LN) or for the 

productionn of differentiated goods. As the firms in the monopolistic competitive sector are alike, the 

equilibriumm condition for the labour market can be written as: 

II  = IE + i. (2.38) 
ANAN p 

where,, for simplicity, the labour coefficient for the final goods industry is normalized to unity. To 

pinpointt nominal magnitudes of variables private expenditure - rather than a price - is normalized to 

unity,, that is E=\ and thus C=\IPC. For a detailed derivation of the solution, the reader is referred to 

Grossmann and Helpman (1991). 

Theree are no transitional dynamics, so the economy immediately jumps to a balanced growth 

path.. Along this path the division of labour over both sectors remains constant, so that the number of 

productt varieties expands at the rate Y> The balanced growth path is furthermore characterized - due to 

thee chosen normalization - by a constant value for the pricee of a typical variety, the wage and the price 

off  a share on the stock market. However, the effective price of private consumption decreases, and thus 

thee index of private consumption increases at a constant rate. 

Fromm the equilibrium conditions for the capital market and for the labour market and from the 

first-orderfirst-order conditions for profit maximization, a negative relationship between the growth rate and the 

consumerr (real) interest rate (r) can derived. A change in the latter directly affects the present discounted 

valuee of future profits, and therefore the allocation of labour over the R&D and final goods sector. For 

thee same reason, the rate of innovation depends on the elasticity of substitution between consumer 
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varieties.. More monopoly power entails higher profits, and boosts R&D at the expense of the production 

inn the final goods sector. Given the interest rate, the size of the labour force influences positively the 

levell  of activity in both sectors. The growth in the number of varieties can thus be written as: 

Thee intertemporal preferences of the household can be summarized by the Keynes-Ramsey rule, which 

dictatess a positive relationship between the rate of innovation and the real interest rate. If the household 

iss more willing to substitute current consumption for future consumption (an increase in o) or becomes 

moree patient (a decrease in p), the desired growth rate in private consumption rises given the interest rate: 

Y**  = ° ( r - P ) ( - ^ - ) • (2-40) 

Itt follows that the equilibrium growth rate in the number of varieties is: 

Thee growth rate of consumption (yc) is a constant fraction of the innovation rate: 

1-11 1 

(2.41) ) 

A) ) i*i*  = — r \ y N • (2.42) 

Hence,, the equilibrium rate of innovation rises with the efficiency of labour in the R&D sector {A), the 

sizee of the labour force (L) and the degree of monopoly power (l/t|), and the innovation rate declines 

withh the degree of impatience (p). These effects on growth are amplified when the elasticity of 

intertemporall substitution rises. Note that a growing population leads in this simple model to an ever-

increasingg growth rate of the economy. 
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2.5.22.5.2 R&D subsidies 

AA remarkable feature of the recent literature on economic growth is the overwhelming support for the 

ideaa that investment has positive external effects on production possibilities. The return on investment 

cannott be fully reaped and the intertemporal choices by households are biased in favour of consumption 

andd at the expense of savings. The assumption of an external effect implies an active role of the 

government.. It may take measures to improve upon the intertemporal allocation of resources, because 

thee outcome of decentralised decisions by the various private agents are not optimal. At a general level 

off thought an external effect stems from an inadequate definition and protection of property rights. 

Exampless abound in which uncertainty about property rights has inhibited investment. One can think of 

thee unsettled claims on land and buildings in former Eastern Germany or of the political instability in 

Southh America.9 Clearly, a system of patents may be essential to protect the research for and development 

off new or better products and production methods against 'cheap' imitation. After all, firms are only 

willingg to conduct R&D if at least temporarily profits can be earned. 

Inn practice, the cost of defining and protecting property rights are sometimes prohibitive, and the 

governmentt must resort to other instrument to bring about an efficient allocation of resources. In the 

currentt model the government could rely on R&D subsidies to raise the innovation rate and attain the 

optimall rate, -fN: 

r** = o ( ^ L - J - p ) . (2.43) 

Thee optimal rate is clearly higher than the innovation rate in (2.41) that is achieved by decentralised 

decision-making. . 

2.5.32.5.3 International trade and R&D 

Tradee and economic integration can clearly affect the dynamic performance of economies. Though the 

naturee of the advantages or disadvantages may be static, changes in efficiency affect the decision to save 

andd invest. As Baldwin (1989) points out, the commotion about Europe 1992 cannot be caused by the 

predictionn of an one-time increase in productivity, but the excitement is based on the presumption of a 

(temporary)) increase in growth. What are the possible effects of trade? The familiar argument emphasises 

thee possibility of specialisation in production among countries. The pattern of inter-industry trade 

**  . In fact Barro (1990) finds a negative (conditional) correlation between the number  of assassinations and the number  of 

revolutionss on the one hand and the growth rate on the other  hand for  South American countries. Though this result nicely 

illustratess the text, it should not be taken too seriously. 
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reflects,, according to the Heckscher-Ohlin Theorem, the relative endowment of, for example, skilled and 

unskilledd labour in countries. International specialisation has an ambiguous effect on economic growth, 

forr it may imply that resources are devoted less to innovative activity and more to production of goods 

(seee Grossman and Helpman, 1991) 

Anotherr gain from trade is the expanded range of available products. Compare as an experiment 

off thought a closed economy with an open economy. In the closed economy the price of foreign relative 

too domestic products is infinite, whereas in the open economy this price is a finite and the presence of 

intra-industryy trade enriches the choice of consumers. Consumers love variety and therefore value the 

expansionn in the range of available products. This gain is static and does not necessarily affect the 

dynamicc performance of an economy. 

Internationall trade can also alter the intertemporal choice to save and invest directly. Removing 

impedimentss to international trade can increase the rate of innovation. The point is that isolated countries 

doo not carry out R&D as efficiently as two or more integrated countries. One the one hand, the exchange 

off goods and services fosters the exchange of ideas and information, improving the productivity in the 

R&DD sector. On the other hand, international trade discourages redundant, duplicative efforts to create 

aa new product. To show these two effects the model must be adapted to apply to a world of two 

countries.. For expository purposes a strict distinction between trade and communication is made, and 

onlyy balanced growth paths are considered.10 

Assumee that the exchange of ideas and information between countries A and B is perfect, but 

thatt the trade of differentiated products between them is not allowed. The set of available varieties in the 

twoo countries may overlap. The degree to which varieties are produced both in country A and in country 

BB is arbitrary. Although the magnitude of the overlap can change over time it will taken to be constant. 

Thee common stock of knowledge (M) is -as before - related to past investments in R&D. The possibility 

off learning from duplicative R&D is discarded. The common stock of knowledge can thus be expressed 

ass a time-invariant fraction of the available varieties, say M = C,(NA+NB). 

Thee model developed for a country in autarky can easily be adjusted to incorporate the spillover 

effect.. The main difference is that the productivity of the R&D-sector also depends on the number of 

availablee varieties in the other country, so that the economic development of countries throughout the 

worldd becomes intertwined. The condition for a balanced growth path is that rates of innovation in both 

countriess are the same. If the countries do not differ in preferences or technology, the steady-state set of 

Thee distinction between a flow of ideas and a flow of goods and services was first introduced by Rivera-Batiz and Romer {1990). 
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availablee varieties in a country is proportional to the size of its labour force. The rate of innovation (yN) 

alongg a balanced growth path of an economy with international R&D spillovers in autarky is given by: 

rt-T^rM^'>-£')•rt-T^rM^'>-£')• (2.44) 

Comparisonn with the growth formula for a closed economy (2.41) shows that international transmission 

off knowledge boosts the rate of innovation in both countries. The gains are however curbed by redundant 

investments,, as only new blueprints contribute to reduction in the cost of R&D. 

However,, international trade of goods will remove the redundancy in R&D, because it gives an 

economicc incentive to direct efforts towards the invention of new products rather than towards the 

imitationn of existing products. Both invention and imitation entail costs, but the rewards in case of a 

monopolyy exceed those in case of a duopoly.11 Exchange of the differentiated products induces 

internationall competition in R&D, even though the blueprints itself are not traded. 

Comparedd with the above expression for yN, the expression for the pace of innovation in the 

steadyy state (y'N) is only changed for the value of the parameter C,. Ultimately the overlap in the produced 

varietiess will virtually vanish because of the introduction of trade: 

T^7^XK+IV-P)-- P.45) 
1-11 1 

Tradee promotes competition, avoiding duplicative R&D and thereby raising the innovation rate. 

Internationall trade also implies more competition on the goods markets: the number of firms 

increases.. However, the size of the goods market also increases. The first effect puts a downward 

pressuree on profits, whereas the second effect raises the return on investment in R&D. The result of both 

forcess is therefore ambiguous, and in the model the two effects exactly cancel. 

Inn summary, trade may foster growth by a better exploitation of scale economies and by creating 

ann incentive to innovate rather than to imitate. These positive effects will deluge any negative effect of 

inter-industryy specialisation, as long as countries have identical relative endowments of basic inputs. A 

reallocationn of resources at the expense of R&D may occur if dissimilar countries engage in trade. 

1''  This argument is strengthened if Bertrand competition is a viable and credible policy for  the incumbent producer. 
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2.5.42.5.4 Diverging growth rates 

Inn the absence of international spillovers countries can grow at different rates. Grossman and Helpman 

(1991)) show that trade of goods and capital may then increase growth differences, so that a large country, 

thatt is better able to exploit the economies of scale, can eventually dominate the market for differentiated 

goods.. The possibility of lasting differences in growth rates relates to the structure of the model: similar 

too the model of Buiter and Ktetzer (1991) a non-traded or non-transferable good is used as an input in 

thee production of a traded good. 

Thee possibility of different and diverging growth rates disappears in the presence of knowledge 

spillovers,, even if countries differ in R&D technology as represented by the parameter A in equation (42). 

Differencess in R&D technology, while allowing for knowledge spillovers and international trade, imply 

differencess in wealth of the households. The number of varieties in relation to the size of the labour force 

iss higher in the more productive country than in the less productive country. In the former country the 

wagess exceed those in the latter country, so that the supplied amount per variety differs between the 

countries.. The country with a comparative advantage in research "specializes" in the number of varieties 

ratherr than in the production of each variety. 

2.66 The empirics of growth 

Thiss section covers some empirical studies on economic growth, that touch upon the discussion in 

previouss sections. It does not provide a complete overview of the empirical literature on economic 

growth.. (See, however, for a recent and comprehensive survey of empirical growth literature Temple, 

1999.)) The renewed interest in the process of economic growth has not only produced a vast amount of 

theoreticall articles and books, but has also initiated a great deal of empirical work. This section starts 

withh empirical testing of endogenous versus exogenous growth theories. It then briefly characterizes 

empiricall evidence on three engines of growth: human capital, public infrastructure and R&D. 

Upp to now this chapter has been almost entirely devoted to endogenous growth theories. This 

shouldd not be taken to imply that these theories have rendered the traditional Solow growth model 

obsolete.. Mankiw, Romer and Weil (1992) have jumped to the defence of this model. They claim that 

oncee the model is augmented to incorporate human capital, it explains the data reasonably well. Countries 

(and(and regions) converge, but rather slowly. The Solow model can explain convergence whereas often 

simplee endogenous growth models cannot. However, the Solow model cannot explain the observed rate 

off convergence. To explain the observed rate, the elasticity of production with respect to the reproducible 
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factorss in production (costs) must be higher than the usual one-third, being the share of physical capital 

inn production costs. Broadening the concept of capital to include both physical and human capital 

increasess the elasticity and allows the (augmented) model to explain not only convergence but also the 

observedd rate of convergence. 

Joness (1997) takes a different research approach but also ends up criticizing endogenous growth 

theories.. He argues that according to these theories a temporary increase in the investment rate should 

raisee production indefinitely, whereas the Solow model predicts that it raises production only temporary. 

AA time-series analysis gives support for die latter idea and not for the former. 

AA similar problem is that in cross-country regressions the variance of the dependent variable, the 

ratee of economic growth, is much higher than that of the explanatory variables. Swings in the growth 

ratess are therefore not easily explained by variables suggested in endogenous growth theories. Whereas, 

forr example, systems of public education or government investments in infrastructure do not change 

radically,, the growth rates can. Easterly et al. (1993) show that the correlation between growth rates in 

twoo subsequent decades is low, and often even negative. These findings fit well into the Solow model, 

inn which convergence is central, but are at odds with simple models of endogenous growth. 

Solow'ss model of growth is thus still relevant today. However, the various forms of critique 

shouldd not bear so much weight as to deny the relevance of endogenous growth theories, for several 

reasons.. First, the naive Solow model suggests a too low elasticity of production with respect to 

reproduciblee factors. Typically, the elasticity is given a value of one-third, corresponding to the share 

off capital in national income. The work initiated by Romer and Lucas suggest a value of one, or even 

higher.. A value of one-third is definitely too low and a value of one is perhaps too high. Important is that 

ann elasticity significantly higher than one-third, implies a much higher return of government policies than 

economistss used to assume. Second, simple model of endogenous growth may not predict convergence, 

butt more elaborate models may very well exhibit this property. More elaborate models often incorporate 

thee plausible assumption that poor countries may (partly) catch up with rich countries through a slow 

processs of copying and learning state-of-the-art technologies. This makes the models of endogenous and 

exogenouss growth observationally equivalent, since both types of growth models then predict 

(conditional)) convergence. Third, the theoretical contributions have given economists more and better 

toolss to analyse and to understand the process of economic growth. For example, many endogenous 

growthh theories reject the traditional assumption that technology is universally available and applicable. 

Instead,, they adopt the idea that technological spillovers between two countries are imperfect or 

sometimess even absent. The spillovers are often thought to depend on trade between the countries or on 

thee education level of their respective labour force. Indeed, based on this idea Coe and Helpman (1995) 
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lookk for international spillovers. Their results point to strong effects of R&D by one country on total 

factorr productivity in other countries in the club of rich countries. 

Moree important than the distinction between endogenous and exogenous growth theories is the 

distinctionn between successful and unsuccessful policies. Here, attention is confined to three possible 

drivingg forces behind high growth or productivity: human capital, public infrastructure and R&D. 

Inn the cross-country regressions of Barro (1990, 1991), and also in later work by others, human 

capitall shows up as an important determinant of productivity (growth).12 Investment in human capital 

mayy improve the long-run economic performance by directly raising productivity, but also by facilitating 

thee adoption of new, foreign technologies. This is suggested by the results of Benhabib and Spiegel 

(1994).. They include in Barro-like regressions a term capturing the interaction between human capital 

andd (foreign) technology, and find that this term significantly explains productivity growth. The evidence 

forr human capital is however not undisputed. Islam (1995) uses panel data to estimate growth equations 

andd cannot find a positive effect of human capital variables. When allowing for unobserved heterogeneity 

thee human capital variables become statically insignificant. In more simple terms, country-specific 

constantss give statistically a better explanation than human capital variables. 

Otherr factors than human capital also contribute to economic growth. Many studies, often pre

datingg and different from the cross-country growth regressions, find large effects of public investment 

ass well as R&D expenditure on productivity, though different studies about public investment yield less 

consistentt results than those about R&D. Empirical work, initiated by Aschauer (1989), finds sometimes 

noo effect and sometimes large effects of government investment on productivity and production. 'Too 

goodd to be true?' wonders the World Bank (1994). Indeed, the estimated effects are sometimes 

implausiblyy high. (See for an overview of the empirical literature Sturm, 1997) 

Ambivalencee does not arise from studies into the effect of R&D on productivity (growth) at 

sectorall or firm level. Typically the impact is found to be large and the private return on R&D investment 

iss often estimated to be 30% or more (see for references Nadiri, 1993). Jones and Williams (1998) argue 

thatt the estimated rate of return on R&D provides a lower bound for the true social rate. Assuming a 

sociall return of 30% they suggest that the United States does not invest enough in R&D and should 

quadruplee (!) expenditure on R&D. Jones and Williams consider a closed economy. For the United States 

thiss assumption is not too bad, but for small economies it is not appropriate when accounting for the 

possibilityy of international spillovers. A small open economy is less likely to appropriate the returns of 

R&DD fully. However, Jacobs, Nahuis and Tang (1999) find strong evidence for significant spillovers 

22 Barro was not the first to come up with cross-country regressions. Nevertheless, they are often called Barro regressions. 
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withinn the Dutch economy, implying that the suggestion of Jones and Williams is also relevant for small 

openn economies. 

AA general conclusion is that relation between human capital and public infrastructure on the hand 

andd growth on the other hand is not robust. Some studies find a positive relation, whereas others do not. 

R&D,, however, has a robust, positive effect on growth. There is also ample evidence that the social 

returnn is higher than the private return. 

Naturally,, there are more determinants of growth than the three that have been discussed in this 

sectionn so far. Different researchers try different variables in cross-country growth regressions. For 

example,, growth is impeded by government consumption in Barro (1991), by public debt in Beetsma and 

Vann der Ploeg (1996) and by inflation Fischer (1993). However, the problem with this type of research 

iss that many results are not robust. A variable is statistically significant in one regression, but is 

insignificantt in another regression. This is true for human capital, public infrastructure but also for many 

otherr variables. Levine and Renelt show that often one can find two different sets of explanatory 

variables,, producing such an ambiguous result. The consequence is that successful policies are not easy 

too identify. 

2.77 Concluding remarks 

Thiss survey has dealt with several engines of growth: research for and development of new products, 

learningg by doing as a side effect of private investment and public investment in, for example, 

infrastructure.. Another, deliberately neglected but important, approach focuses on investment in human 

capital.. Although these views on growth may at first sight appear to rather different from each other, they 

aree not mutually exclusive and share common features. First, in contrast to the orthodox neoclassical 

theoryy savings do matter for the determination of the rate of economic growth. Consequently the design 

off the fiscal system, the definition and the protection of property rights and the functioning of financial 

marketss are crucial to economic growth. Taxes on capital income, the fiscal method of depreciation, 

patentss on inventions, uncertainty about property rights (think of the situation in Eastern Europe or of 

thee political stability in South America), the channelling of funds from lenders to borrowers, all these 

factorss affect the rate of return on investment and therefore the willingness to postpone consumption. 

Howeverr not only structural policies but also ordinary budgetary policies interfere with growth if the 

Ricardiann equivalence does not hold. We have shown that an increase in public consumption or in 

governmentt debt will diminish the available funds for investment; consumption of the current generation 
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willl not be totally crowded out as yet unborn generations will partly pay the higher taxes in the future. 

Second,, almost all the views on economic growth relate the accumulation of knowledge to externalities, 

soo that private decisions to save and to invest are not optimal and growth is from a social point of view 

tooo low. Naturally, this implies an active role for the government; depending on the engine of growth the 

governmentt should try to support research and development, improve the channels of international 

communication,, promote investment, maintain and expand the infrastructure and/or invest in education. 

Thee predictions of the recent theories in an international setting depend clearly on the translation 

fromm these theories from the context of a closed economy to one of an open economy and are therefore 

nott clear-cut. For example, the theoretical relationship between trade and growth has been thoroughly 

investigatedd but is ambiguous; empirical results reveal that it may be positive (Roubini and Sala-i-Martin, 

1991). . 

Thee orthodox theory of growth has a rather optimistic view on the issue of growth and 

development.. In contrast, the recent theories indicate that differences in levels of and even in growth 

ratess of production and consumption may persist. An interesting avenue for further research is therefore 

too extend these theories to allow for international migration of labour (see for example Burda and 

Wyplosz,, 1992). This line of research may provide a real-world perspective on the issue of growth and 

development. . 
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