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ABSTRACT 

We present a dynamic, general equilibrium model of North-South technological 
knowledge diffusion by imitation, with endogenous scale-invariant growth. The aim is to 
analyse the non-scale effects of technological knowledge diffusion through international 
trade on economic growth and on inter and intra-country wage inequality. 

The analysis is conducted sequentially under three North-South trade regimes: (i) 
without trade effects; (ii) trade of intermediate goods alone; and (iii) trade of intermediate 
and final goods. By North and South we mean two countries that differ in levels of 
exogenous productivity non-trade related, stocks of human capital and R&D capacity. 

Growth depends on the accumulation of two types of human capital: versatile 
(school intensive, more productive and more abundant in the North) and specialised (on-
the-job-training intensive). Growth is also driven by technological advances in the quality 
of available intermediate goods - Schumpeterian R&D -, regardless of the origin 
(innovation or imitation). Imitation is only feasible in the South once a threshold distance 
to the technological knowledge frontier has been attained. 

If (i) the impact of openness on imitation is strong, (ii) the marginal cost of 
production in the South is low and (iii) international intellectual property rights 
protection is weak, then the world steady state growth is higher under international trade 
than in the autarkic North. 

By allowing immediate international access of the state-of-the-art intermediate 
goods - through either imitation or trade - , international trade affects at once the 
productive structure in the South, bringing about partial convergence to the Northern 
structure and prices (level effect). 

In addition, technological knowledge diffusion induces dynamic and steady state 
effects through the price channel, by which the specific types of technological knowledge 
and of human capital influence the direction of technological progress, economic growth 
and wage inequality. The paths of inter and intra-country wage inequality depend on the 
magnitude of the level effect and on the technology of production, of R&D and of human 
capital accumulation. In particular, a Schumpeterian dynamic equivalent to the static 
factor price equalisation result occurs. 

In what concerns free trade specialisation patterns, it is shown that countries 
capture larger shares of world production and trade in final goods that use more 
intensively their abundant type of human capital. 

As an extension of the framework, we analyse the timing and implications of the 
world diffusion of a new general purpose technology, which induces both level and 
growth effects. When it arises first in the production of one type of final goods in the 
North, the general purpose technology temporarily increases intra and inter-country wage 
inequality. 

Keywords: North-South; Technological Knowledge Diffusion; International Trade; 
R&D; Human Capital; Endogenous Economic Growth; Wage Inequality; General 
Purpose Technology; Transitional Dynamics; Sensitivity Analysis. 

JEL classification: F12, F16, F43, J24, J31, 031, 033, 034, 038, 047. 
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CHAPTER 1 

INTRODUCTION 

We develop a dynamic, general equilibrium model of North-South technological 

knowledge diffusion by imitation, with scale-invariant endogenous growth and human 

capital accumulation. The main objective is to analyse the non-scale effects of 

technological knowledge diffusion through international trade, on economic growth and 

on inter and intra-country wage inequality. 

International trade and mobility of factors of production are the main vehicles of 

technological knowledge transfer in the world. In our case, the factors of production are 

human capital, intermediate goods (IGs), and designs to produce intermediate goods. In 

the tradition of international trade theory, we assume that there are no North-South 

movements of assets - human capital and shares of firms that own the designs -, thus 

focusing on international trade of intermediate goods as the vehicle of technological 

knowledge transfer. 

The analysis is conducted sequentially under three North-South trade regimes: (i) 

without trade effects; (ii) trade of intermediate goods alone; and (iii) trade of intermediate 

and final goods. Although with a role limited to more traditional static level effects on 

growth and wage inequality, the addition of trade in final goods enables the analysis of 

the mechanisms through which the driving forces of economic growth and technological 

knowledge diffusion influence the pattern of specialisation. 

By North and South we mean two stylised countries that operate in the same 

economic environment, but that differ in the following features: (i) exogenous levels of 

productivity directly related with the quality of domestic institutions; (ii) initial human 

capital stocks; (iii) technological knowledge stocks; (iv) Research and Development 

(R&D) capacity; and (v) marginal cost of production of final goods. 

The first feature relates to domestic institutions which affect the aggregate level of 

productivity, like tax laws, property rights protection and government services. We 

consider these institutions to be more advanced in the North; i.e., the North is more 

developed. 

As to the second feature, we assume that the initial levels of human capital are 

lower in the South. 
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The third feature refers to the aggregate domestic quality indexes measuring 

technological knowledge, which, in line with Bernard and Jones (1996a, b), Klenow and 

Rodriguez-Clare (1997) and Hall and Jones (1999), among others, are higher in the 

North. 

As to R&D, the North has the capacity to innovate - Schumpeterian R&D, aimed 

at improving the quality of intermediate goods, as in Aghion and Howitt (1992) -

whereas the South's capacity is limited to the imitation of the North's innovations, as in 

the seminal models of Grossman and Helpman (1991a, chaps. 11-12). 

Concerning the fifth distinctive feature, we assume that the constant marginal cost 

of production of final goods is higher in the North than in the South. Following 

Grossman and Helpman (1991a, chaps. 11-12) and Connolly (2003), among others, this 

is required for imitation by the South to take place under international trade. Otherwise, 

the Northern firms would always under-price the Southern ones, and trade - which must 

be balanced due to the assumed inexistence of international capital flows and income 

transfers - would be unfeasible.1 

The differences in levels of development between North and South are assumed to 

have historical roots that are reflected in current institutional characteristics. Our main 

concern is not to explain these differences, but rather to take them as given at time zero 

and analyse the subsequent path of both economies under the three international trade 

regimes. 

In terms of traditional country groupings in development economics, an appropriate 

taxonomy for our North and South countries would be developed versus developing, 

rather than developed versus underdeveloped. The South should not be too backward, 

otherwise it would lack the capacity of benefiting from the diffusion of technological 

knowledge through imitation and trade of intermediate goods - as considered in Helpman 

(1993). 

Our general equilibrium model collects elements from various components, all 

closely related to the endogenous growth literature. Next, we explore those components, 

showing how each one fits our modelling objectives, and how we add value to the 

In our framework, transfers could arise from human capital mobility, and international capital flows 
would result from the exchange of assets of profitable firms, which are the ones that have the exclusive use 
of the designs for the production of intermediate goods. Both are excluded by our assumption of North-
South immobility of these factors, which also implies that interest rates and wages are determined 
domestically. 
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existing literature, not only by bringing together the different elements, but also by 

improving on some of them. 

Technological knowledge progress in models of endogenous growth 

In the literature of endogenous growth, R&D activity is essential to technological 

knowledge progress. It is carried out or supported by private firms in search for profits, 

operating in competitive markets. Empirical evidence of this growth mechanism has been 

shown in, for example, Griliches and Lichtenberg (1984), Lichtenberg (1993) and Coe 

and Helpman (1995). At the theoretical level, the first-generation of comprehensive, 

well-articulated general equilibrium growth models based on R&D that seek to explore 

the role of technological knowledge change in the economic growth process, are centred 

on two types of R&D processes - horizontal and vertical. 

In the first one, R&D is directed at developing new horizontally differentiated 

goods, an approach followed in prominent works by Romer (1986, 1987, 1990b), Rivera-

Batiz and Romer (1991), Grossman and Helpman (1990, 1991a, chap. 3, 1991d) and 

Barro and Sala-i-Martin (2004, chap. 6). Since there are no quality improvements, no 

good ever becomes obsolete. Firms that become producers remain leaders from then on 

without supporting further R&D effort, since they are granted a patent that lasts forever. 

In vertical process, R&D is instead directed at developing new vertically 

differentiated qualities of each good, an approach that was first developed by Segerstrom 

et al. (1990), Grossman and Helpman (1991a, chap. 4, b, c), and Aghion and Howitt 

(1992). The resulting models are called Schumpeterian, or quality ladder models, since, 

appealing to the Schumpeterian concept of creative destruction, it is assumed that the 

leadership of the firms that use the state-of-the-art qualities is only temporary -

permanently subject to destruction by new qualities resulting from successful R&D. 

The main advantage of horizontal R&D models is their analytical tractability. 

However, the vertical approach is more appropriate to study the effects of competition 

between leaders and followers on the process of economic growth - e.g., Gancia and 

Zilibotti (2003). Since international trade enhances competition between producers of the 

same good, the Schumpeterian approach is more appropriate for our purposes. 

Most vertical R&D models assume that, since all firms in each industry have 

access to the same R&D technology, once a firm achieves success and becomes a 

temporary monopoly, it does not support new R&D directed at improving its own 

product. Despite the coherence of the argument, the implication that leader firms do not 
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invest in R&D is counterfactual. Thus, some works came to assume that leader firms 

have R&D cost advantage over challengers, and/or that there are diminishing returns in 

R&D effort at the firm level, implying that they devote resources to R&D as well - e.g., 

Segerstrom and Zolnierek (1999) and Segerstrom (2004). Others, such as Dinopoulos 

and Syropoulos (2001, 2004) and Sener (2003), present models where incumbents apply 

resources in rent-protecting activities, which increase the expected duration of their 

monopoly power. Aghion et al. (2001), for example, find that the Schumpeterian effect 

of product market competition is likely to be outweighed by the incentives for firms to 

carry out R&D in order to escape competition. In the extreme Schumpeterian case, 

Thompson and Waldo (1994) present a model with no entry, where R&D is conducted 

exclusively by the monopolistic firms. 

Since our focus is not to explain the process of R&D, but rather to analyse the 

growth and wage inequality effects of its North-South diffusion, we choose the 

simplifying assumptions that there are constant returns to R&D expenditures - e.g., 

Romer (1993) - and that only follower firms support the cost of R&D. Moreover, the 

empirical evidence on returns to scale of R&D efforts at the firm level seems to be 

inconclusive - e.g., Bound et al. (1984), Kortum (1993) and Thompson (1996). 

Based on the technology of R&D activities, Rivera-Batiz and Romer (1991) 

propose a different classification for the R&D growth models. When the inputs to R&D 

are labour (or human capital) and the level of technological knowledge, the model is 

called knowledge-driven - e.g., Grossman and Helpman (1990, 1991a, chap. 3) and 

Romer (1990b). When R&D technology uses the same inputs and in the same proportion 

as aggregate output or, equivalently, if aggregate output itself is the input to R&D, the 

model is called lab-equipment - e.g., Rivera-Batiz and Romer (1991) and Barro and 

Sala-i-Martin (2004, chaps. 6-7). Our choice is a lab-equipment model, since postulating 

a new production function would merely complicate the algebra without altering the 

relevant (for our purposes) qualitative results - e.g., Papageorgiou (2002). 

When integrated in endogenous growth models, R&D activities - either horizontal 

or vertical, knowledge-driven or lab-equipment - results in technological knowledge 

progress, which, in turn, is the primary determinant of growth. Two major characteristics 

of technological knowledge are essential for its role as an endogenous engine of growth -

non-rivalry and partial non-excludability. Technological knowledge is non-rival in the 

sense that the marginal costs for its use by an additional firm are negligible; and it is 
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partially non-excludable since the returns to private investment in its production are 

partly private and partly public. That is, on one hand innovations are proprietary - private 

investment results in a temporary monopoly, if some protection (usually in the form of 

patents) exists. On the other hand, innovations add to the stock of public technological 

knowledge - technological knowledge spillovers. 

In our case, endogenous technological knowledge progress takes the form of 

innovations in the North and to imitations in the South. Thus, non-rivalry and partial non-

excludability apply to innovations as well as imitations, since they are domestically 

protected in the North and South, respectively. 

Our framework can also accommodate exogenous innovations of the general 

purpose technology (GPT) type. The literature on general purpose technology - defined 

as innovations that have large, extensive and prolonged impacts on the economy, such as 

steam-engine, electricity and computers - begins with Bresnahan and Trajtenberg (1995). 

The effects of the introduction of a new GPT have been typically studied in a 

closed-economy framework with a simplified productive structure characterised by one 

aggregate good - e.g., Helpman and Trajtenberg (1998). This simplified structure does 

not allow the study of the diffusion of a GPT to other countries with different levels of 

development, and of its effects on world economic growth and on intra and inter-country 

wage inequality - issues that are in the centre of our purposes. Motivated by such issues, 

we broaden the scope of this literature by considering the North-South implications of 

the diffusion of a GPT under international trade. Since our economic structure is richer, 

we are also able to study intra and inter-country asymmetric impacts caused by different 

speeds of adoption of the GPT in the various industries. 

North-South technological knowledge diffusion in models of endogenous growth 

The works of Coe and Helpman (1995), Coe et al. (1997), Helpman and 

Hoffmaister (1997) and Eaton and Kortum (1999, 2001), among others, reveal that only a 

small number of developed countries account for most of the innovations in the world. 

This could suggest that the standard R&D models are only applicable to the North and 

not to the South. However, world productivity data reveals that the benefits of innovative 

R&D are much more evenly distributed in the world than expenditures on innovative 

R&D - e.g., Coe and Helpman (1995) -, strongly suggesting that technological 

knowledge is diffused internationally. Thus, focusing exclusively on domestic 

5 



technological knowledge progress when the analysis considers more than one country is 

not appropriate.2 

We need to consider, then, extensions of the R&D component of the standard 

Schumpeterian growth model so that it can be applicable to countries that innovate as 

well as those that imitate. We look at the North, where leading technological knowledge 

is created, but also at the South, where it is diffusing, and analyse in which ways and 

under which international trade regimes this imitation process feeds back and affects the 

original source of technological knowledge. 

When present, under international trade, the dynamic feedback from imitation to 

innovation may harm the profits (and, thus, incentives to) innovative R&D. That is, in 

addition to the closed economy Schumpeterian creative destruction effect - challenging 

innovations destroy the profits of the current state-of-the-art ones - , technological 

knowledge diffusion with trade may bring about further business stealing - challenging 

imitations, coupled with lower marginal costs in the South, are traded internationally. 

Since diminished incentives to innovative R&D lower the rate of economic growth, these 

potential negative effects must be weighted against the positive static and dynamic 

effects of international technological knowledge diffusion with trade. We regard this as 

crucial in assessing the issue of whether countries - North and South - benefit from or 

are harmed by the commercial relationship. 

The available literature considers, in some way or another, extensions of R&D 

endogenous growth models that are applicable to international trade and/or diffusion of 

technological knowledge - e.g., Aghion and Howitt (1998a, chap. 11). 

An important strand of that literature focuses on the effects of North-South 

international trade when it leads to Northern specialisation in industries that exhibit 

positive spillovers and Southern specialisation in industries lacking such positive 

externalities. This is primarily the case of models of international trade with learning-by-

doing - e.g., Stokey (1988),3 Young (1991) and Lucas (1993). In these models, Southern 

countries experience negative dynamic effects because international trade leads to a 

Southern specialisation in goods in which learning-by-doing is exhausted in such a way 

that it could outweigh the static gains from trading with developed countries. Since each 

2 In line with this position, Stokey (1996) admits that the most important benefit for Southern countries is 
the transfer of technological knowledge, in contrast with her own model, where integration produces no 
technological knowledge spillovers. 
3 The seminal model of Stokey (1988) considers specialisation in a traditional sector with no learning-by-
doing versus specialisation in industries with learning-by-doing, but does not consider North-South trade. 

6 



country's stock of technological knowledge depends only on its own range of production, 

there is no link between domestic and foreign stocks. Therefore, neither North-South 

technological knowledge diffusion nor the South-North feedback effects are considered 

by these models. 

North-South diffusion is also absent in the open-economy models of Romer 

(1990b), and Rivera-Batiz and Romer (1991), even when international technological 

knowledge spillovers are present. In fact, these models derive important effects of the 

flows of goods and technological knowledge on economic growth and are very helpful in 

identifying the implications of knowledge-driven versus lab-equipment R&D technology 

- as clearly explained by Aghion and Howitt (1998a, chap. 11). However, they apply to 

international relations between developed countries that can benefit from each other's 

stocks of technological knowledge; i.e., North-North in our taxonomy. 

Bearing in mind our objectives, it is then useful to emphasise the models that 

consider North-South diffusion. Technological knowledge can be diffused internationally 

in various any ways, namely through: 

- foreign direct investment, introduced in the literature by Vernon (1966), with 

endogenous growth formulations by Helpman (1999), Hejazi and Safarian (1999), 

Baldwin et al. (1999), Xu (2000) and Carr et al. (2001); 

- international labour mobility, in the tradition of Bhagwati and Hamada (1974), and 

included in endogenous growth models by Galor and Stark (1994), Barro and Sala-i-

Martin (2004, chap. 9) and Shea and Woodfield (1996); 

- communication patterns, e.g., Keller (2002a, b, 2003); 

- imitation, after the seminal work of Krugman (1979), and prominently studied by 

Grossman and Helpman (1991a, b, c, d) in the context of endogenous growth, with 

important additions by Dinopoulos et al. (1993), Barro and Sala-i-Martin (1997) and 

Glass (1997). 

The first two channels rely on international mobility of physical and human capital 

assets, which, as stated above, we are precluding in our analysis. As for the 

communication patterns channel, it is of little interest in our framework, since it is largely 

independent of international trade. That is not the case of imitation - the channel under 

our focus -, which is considerably enhanced by the access to state-of-the-art goods 

permitted by international trade. When successful, imitation allows for the diffusion of 

technological knowledge embodied in a good, as the imitator reverse-engineers that 
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good. Since, in the absence of intellectual property rights (IPRs) protection, imitative 

R&D is typically cheaper than innovative R&D, the successful imitator can return to 

international markets and under-price the original innovator.4 

Our lab-equipment model of R&D applies to the innovative North, and is also 

conveniently adapted to the particularities of imitative activities in the South. Both 

equilibrium probabilities of successful imitation and innovation are endogenously 

determined, based on the maximisation of expected discounted profits. In both countries 

as well, R&D benefits from an autonomous positive learning effect of accumulated 

public technological knowledge from past successful research, as in Grossman and 

Helpman (1991a, chap. 12). The main specificities that we introduce in the Southern 

probability of successful R&D are imitation capacity and an advantage of moderate 

backwardness, which, together, are capable of inducing catching up with the North. 

The existence of spillovers is not sufficient for North-South diffusion and catching 

up by the South. In fact, diffusion requires the South to absorb the technological 

knowledge spillovers; i.e., to have the capacity to incorporate the Northern spillovers in 

its own R&D. In our framework, imitation capacity; i.e., capacity to learn, assimilate and 

implement advanced technologies, is enhanced by domestic policies promoting R&D -

as referred by Aghion et al. (2001) -, by the degree of openness and other trade policies 

- as suggested by Coe et al. (1997) - , and decreases with the human capital gap in 

relation to the North - in the lines of Nelson and Phelps (1966). With this specification of 

imitation capacity, we are able to add a new channel through which different levels of 

human capital impinge on the effects of technological knowledge diffusion through trade 

on economic growth and wage inequality. 

In our framework, the advantage-of-backwardness hypothesis, first introduced by 

Veblen (1915) and later improved by Findlay (1978), considers that the rate of 

technological knowledge progress in the South is an increasing function of the gap 

between its own technological knowledge level and that of the North - as in Barro and 

S ala-i-Martin (1997) - , as long as there is imitation capacity to take advantage of the 

Northern spillovers and international IPRs are not fully enforced. However, we require 

the gap to be below a threshold distance, beyond which the cost of imitation becomes 

prohibitive, or, equivalently, the capacity of imitation goes to zero. In other words, the 

In an often-cited study, Mansfield et al. (1981) reports that the cost of imitation is, on the average, about 
65% of the cost of innovation. 
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imitating South cannot be too backward, as already stated above. This is in line with 

Verspagen (1994), and with the survey evidence cited by Helpman (1993), according to 

which most imitative R&D take place in newly industrialised countries, while many less 

developed countries engage in this activity only marginally. 

Thus, advantage of moderate backwardness in the South, together with imitation 

capacity, is a mechanism of catching up with the North. Thereby the model is coherent 

with empirical evidence suggesting that middle-income countries are converging, while 

low-income countries, which are far from the technological knowledge frontier, are 

stagnant and show no potential for rapid growth - e.g., Quah (1997). 

Catching up and the resulting convergence are often examined in terms of 

differences in total factor productivity (TFP) - Bernard and Jones (1996a, b), Hall and 

Jones (1999) and Acemoglu and Zilibotti (2001), among many others. Following this 

approach, we analyse inter and intra-country patterns of TFP resulting from technological 

knowledge diffusion under international trade. 

Scale effects in models of endogenous growth 

In order to analyse the mechanisms through which international trade affects 

technological knowledge progress in contexts where market size effects are not present, 

an essential feature of our framework is that growth is independent of the scale of the 

economy. 

The endogenous growth literature has been debating the role of scale effects since 

Jones (1995a, b) criticised the first generation R&D endogenous growth models -

particularly the seminal work of Romer (1990b) - on the grounds that it did unreasonably 

predict a very strong positive market size effect on the rate of economic growth. In 

Romer's (1990b) case - a knowledge-driven process -, the pool of labour employed in 

R&D increases the rate of technological innovation and, thus, the rate of economic 

growth. In lab-equipment models - e.g., Rivera-Batiz and Romer (1991) - the scale 

effect is connected to the size of profits that, in each period, accrue to the leader 

producer; a larger market expands the monopolist's profits and, thus, the incentives to 

allocate resources to R&D, thereby increasing the rate of growth of the economy. In 

addition to theoretical arguments, several authors have supplied the debate with empirical 

evidence against strong scale effects - e.g., Backus et al. (1992), Jones (1995a), 

Dinopoulos and Thompson (1999) and Zachariadis (2003). 
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Apart from the endogenous growth debate on the subject, we regard the 

independence between growth and scale effects as mainly instrumental to the isolation of 

the other effects of international technological knowledge diffusion under each 

international trade regime. 

Starting with Jones (1995b) himself, who has conveniently modified Romer's 

(1990b) R&D specification, several modelling efforts have been made to eliminate the 

scale effects - see Jones (1999) and Segerstrom (1998) for detailed discussions of scale 

effects and different ways to avoid them. For our particular purposes, two relevant 

examples are Dinopoulos and Thompson (1999), which assume that an increase in scale 

also entail costs, and Dinopoulos and Syropoulos (2001), which consider that leader 

firms spend resources in rent-protecting activities that delay the next successful research. 

These scale-removing efforts have focused mostly on closed economy models, or 

on open North-North models - Dinopoulos and Segerstrom (1999a, b), Dinopoulos and 

Syropoulos (2004) and Sener (2001). Little progress has been made at developing North-

South models without the scale property, the exceptions (to our knowledge) being the 

recent work in progress of Dinopoulos and Segerstrom (2004) and Sener (2003). 

In our case, we remove the scale effects by assuming that the difficulty in 

conducting R&D is proportional to the size of the market measured by the stock human 

capital. This assumption is consistent with the literature that observes that increases in 

scale also entail costs - e.g., Becker and Murphy (1992), Quah (1998) and Alesina and 

Spolaore (1997), Dinopoulos and Thompson (1996, 1999) and Dinopoulos and 

Segerstrom (1999a). These costs involve coordination among agents, the processing of 

ideas, both informational and organisational, marketing, and transportation. As recently 

suggested by Dinopoulos and Syropoulos (2001, 2004) and Sener (2003), additional 

costs of scale are related to strategies, like technical barriers, undertaken by leader firms 

in order to increase the difficulty of R&D by follower firms, with the objective of 

prolonging their temporary monopoly power. 

In the terminology of Dinopoulos and Segerstrom (1999a) our scale-removing 

assumption results in a 'permanent-effects-on-growth' specification, where both the 

technological knowledge progress and the rate of economic growth are endogenous - as 

opposed to the semi-endogenous models (e.g., Jones, 1995b, and Funke and Strulik, 

2000). Indeed, in these models, technological knowledge progress is endogenous but the 
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steady state growth rate results exogenous, which, in fact, is not that different from the 

neoclassical growth model. 

Human capital accumulation in models of endogenous growth 

In addition to Schumpeterian R&D, economic growth is also driven by endogenous 

accumulation of human capital - i.e., when individuals improve their own skills in 

response to incentives, aggregate productivity rises. When decisions of skill acquisition 

are embedded into the model, the economy can continue to grow even if the stock of 

labour is limited (and even without technological knowledge progress). 

The empirical evidence on this potential growth mechanism has been presented by 

many authors, e.g., Romer (1990a), Barro (1991, 1999), Mankiw et al. (1992), Levine 

and Renelt (1992) and Barro and Sala-i-Martin (2004, chap. 12), who generally conclude 

that an increase in the average years of schooling of the working population, which is 

traditionally the main empirical measure of human capital, has positive and significant 

effects on growth. However, Benhabib and Spiegel (1994) point out that economic 

growth is strongly correlated not to the change in educational attainment, but to the level 

- i.e., not to accumulation but to the stock of human capital. 

These empirical results may, though, be biased for a number of reasons, such as 

measurement errors - e.g., Krueger and Lindahl (2001) -, the fact that some countries, 

namely developing countries, are outliers - e.g., Temple (1999) -, and the importance of 

the skilled population in the public sector - e.g., Griliches (1997) and Pritchett (2001). In 

addition, some of the panel data estimations considering together differences over time 

and across countries yield a negative relation between growth and human capital - e.g., 

De Gregório (1992), Knight et al. (1993), Islam (1995) and Caselli et al. (1996). 

Another source of bias is the role of human capital in production, which is 

complex. Benhabib and Spiegel (1994) and Engelbrecht (1997) obtain some 

improvements by considering learning variables and interaction between technological 

levels and human capital. Additional complexity is present in the educational process 

itself, which converts individual endowments into human capital. Many authors 

emphasise, with particular relevance for developing countries, modes of education other 

than formal schooling, especially on-the-job-training (OJT) - e.g., Bartel and 

Lichtenberg (1987), Mincer (1993, 1994) and Bartel and Sicherman (1998). 

At the theoretical level, Lucas (1988, 1993) is credited with the seminal analysis of 

endogenous growth based on human capital accumulation, to be followed by Becker et 
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al. (1990) and Stokey (1991). For example, in reference to the productivity growth in 

newly industrialised countries, Lucas (1993) emphasises the importance of human capital 

accumulation at work, with a model where OJT is enhanced by the continuous 

introduction of new production lines. Mincer (1993, 1994) explores further these ideas, 

explicitly considering that OJT, differently from learning-by-doing, is costly, relies on 

individual decisions in interaction with other economic decisions. In Mincer's stricter 

definition, the opportunity cost of OJT is the wage lost while acquiring human capital at 

technical, professional or specialised schools related to the particular job. 

As to human capital heterogeneity, some recent R&D literature dealing with the 

direction of technological change and wage inequality assumes that workers are divided 

into two homogeneous groups, skilled and unskilled - e.g., Kiley (1999), Theshmar and 

Thoenig (2000) and Acemoglu and Zilibotti (2001). We extend these models by 

endogenously specifying the supply of each type of human capital. To keep things as 

simple as possible, we keep the assumption that there are only two types of human 

capital, one more productive than the other - which we denominate versatile and 

specialised, respectively. Each type's accumulation function employs the inputs OJT -

following Mincer's (1993, 1994) definition - and school in a specific way. We assume 

that versatile human capital is relatively abundant in the North, and its accumulation is 

school intensive, while the specialised type's is OJT intensive. 

Direction of technological knowledge progress and wage inequality 

We model a standard - in endogenous R&D growth theory - economic structure 

for the North and South. Production of perfectly competitive final goods uses quality 

adjusted intermediate goods as inputs, together with human capital. Intermediate goods, 

in turn, use innovative or imitative designs as inputs, under monopolistic competition. 

Each final good can be produced by one of two substitutable technologies. The 

technology denominated versatile, uses versatile human capital together with a 

continuum set of versatile-specific intermediate goods; the other technology is called 

specialised, because it brings together specialised human capital and a continuum set of 

specialised-specific intermediate goods. That is, each set of intermediate goods 

complements either type of human capital, not both. 

This production function, in which complementarity of inputs is coupled with 

substitutability between technologies, is adapted from Acemoglu and Zilibotti's (2001) 

horizontal R&D growth model. Although their model does not include endogenous 
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human capital nor technological diffusion, it proves nevertheless to be very appropriate 

to the analysis of the direction of technological progress and its repercussion on wage 

inequality. For example, in our case, when firms invest relatively more in improving the 

quality of versatile-specific intermediate goods, the choice of final goods' technology 

shifts in favour of the versatile type, thereby increasing the demand for versatile human 

capital. Therefore, in this framework, the direction of technological knowledge progress 

is closely related to the size of the wage premium of versatile human capital - i.e., to the 

degree of intra-country wage inequality.5 

This relationship has been receiving considerable attention in the skill-biased 

technological change literature - prominently by Acemoglu (1998, 2002a, b, 2003) - , 

although not in the context of human capital accumulation and technological knowledge 

diffusion. In addition, since in our framework diffusion occurs with trade, we are also to 

provide a link to the discussion of factor levels, factor price movements and inter-country 

income inequality effects, which are traditional issues in international trade analysis. 

In the skill-bias literature, the incentives for firms to invest relatively more in either 

type of intermediate goods emerge mainly through the market size channel, by which 

technologies that use the more abundant type of human capital are favoured. In our case, 

since scale effects are removed in order to highlight the mechanisms other than market 

size, the focus is, instead, on the price channel - by which there are stronger incentives to 

improve technologies when goods produced by these technologies command higher 

prices; i.e., technologies that use the more scarce type of human capital are favoured. In 

our framework, then, endogenous accumulation of human capital not only influences the 

path of output and wages - like in traditional endogenous human capital growth models -

but also affects the direction of R&D. 

Many researchers of the empirical evidence on skill-biased technological change 

have been interpreting the rise of the skill premium in developed countries as resulting 

from the market size effect in closed economies - e.g., Bartel and Lichtenberg (1987), 

Berman et al. (1994), Juhn et al. (1993), Autor et al. (1998) and Bartel and Sicherman 

(1998). Some more recent interpretations, still in closed-economy context, attribute the 

increase in wage inequality to organisational and institutional change triggered by a new 

It is clearly not possible to discuss wage inequality issues in endogenous growth models with 
accumulation of aggregate human capital. This is the main reason behind our extension to heterogeneous 
human capital. 
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general purpose technology -e.g., Acemoglu (1999), Aghion (2002) and Caroli and Van 

Reenan (2001). 

Some authors, like Wood (1995) and Learner (1994, 1996), challenge these 

empirical studies, on the grounds that they neglect open-economy effects. Even though 

these authors consider the increase in wage inequality essentially a result of static 

comparative advantages (in specifications without R&D and technological diffusion), 

this evidence may arguably be related to the price-channel effect on R&D, especially 

with trade between countries with distinct human capital levels. 

Policies - subsidies towards R&D and international intellectual property rights 

protection 

As a result of the close relationship between the production of intermediate goods 

and R&D, in our model R&D can be encouraged either by a direct subsidy or through a 

subsidy to the production of intermediate goods. In any of theses cases, policies also 

impinge on the demand for human capital. In addition, when affecting not only the level 

but the direction of R&D as well, policies also impact on the relative demands for the 

types of human capital, and, thus, on wage inequality. 

Another important dimension of government intervention is the protection of IPRs, 

which we take for granted at the domestic level, but not internationally, as stated above. 

Since technological knowledge is partially non-excludable, domestic protection of IPRs 

increases the degree of excludability of the results of R&D in the North and in the South. 

In turn, international enforcement of IPRs, by protecting innovative R&D only, would 

prevent imitation R&D, and technological knowledge diffusion through this mechanism 

would not occur. This is the reason why our framework assumes that IPRs are never fully 

enforced internationally. Still, we allow for different degrees of enforcement, not 

ignoring on-going debates on the effects of strong international IPRs protection on the 

rates of technological knowledge progress and economic growth - in Segerstrom et al. 

(1990), Helpman (1993), Lai (1998) and Dinopoulos and Segerstrom (2004) the effect is 

negative, contrarily to Glass and Saggi (2002) and Sener (2003). 

Our contribution to this literature results from the inclusion of human capital 

accumulation, which is influenced by the degree of international IPRs protection, and, in 

turn, affects the impact of the latter on technological knowledge progress and economic 

growth. 
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Analysis of immediate, steady state and transitional dynamic effects 

Within our framework, the assessment of the non-scale effects of technological 

knowledge diffusion under international trade on economic growth and wage inequality, 

comprises three analytical stages: (i) immediate level effects, (ii) steady state effects, and 

(iii) transitional dynamics. By means of comparative statics and dynamics we are able to 

uncover the mechanisms through which these effects are influenced by initial North-

South conditions, the technology of production, of R&D and of human capital 

accumulation, and by government policies. 

Derivation of transitional dynamics is often avoided in growth models with 

technological knowledge diffusion. Grossman and Helpman (1991a, c), for example, 

analyse the North-South feedback effects only in steady state. Barro and Sala-i-Martin 

(1997) derive transitional dynamics for the South, but no transition path exists for the 

North, since their model, without international trade, does not allow for feedback effects. 

Our derivation of transitional dynamics, for the North and South, requires the use 

of numerical methods, due to the complexity of the system of differential equations. In 

particular, like Funke and Strulik (2000), we use the fourth-order Runge-Kutta classical 

method. Sensitivity analysis is systematically conducted, not only for the purpose of 

comparative statics and dynamics, but also to enhance the confidence in the numerically 

derived results. 

Summary of contributions to the literature 

We build a North-South growth model, with domestic endogenous accumulation of 

internationally immobile assets, and with domestic but no international protection of 

R&D results. The model is designed in order to investigate how international trade 

affects the structure and the dynamics of technological knowledge progress and its 

North-South diffusion in contexts where market size effects are negligible, thus 

influencing the paths of economic growth and inter and intra-country wage inequality. 

We follow and contribute to three main lines of research previously explored, 

notably, by: (i) technological knowledge diffusion growth models of Grossman and 

Helpman (1991a, chaps. 11-12) and Barro and Sala-i-Martin (1997); (ii) Jones' (1995b) 

scale-invariant technological knowledge progress model; and (iii) direction of 

technological change and wage inequality growth models of Acemoglu and Zilibotti 

(2001) and Acemoglu (2002a). 
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By considering international trade between North and South - two countries with 

different levels of development, but both capable of conducting R&D - we connect 

technological knowledge diffusion with the direction of technological change and, thus, 

we relate the dynamics of inter and intra-country wage inequality; in addition, we are 

able to analyse how trade in intermediate goods impinges on the pattern of final-goods 

specialisation. 

Concerning, in particular, the literature on technological knowledge diffusion, our 

main contributions are the analysis of, on one hand, the effects of the interaction between 

endogenous R&D and human capital accumulation; and, on the other hand, the 

mechanism of international trade as the main vehicle of diffusion without scale effects. 

Indeed, with the possible exceptions of the work in progress of Dinopoulos and 

Segerstrom (2004) and Sener (2003) - still without the R&D-human capital interaction - , 

the literature has analysed either 

- technological knowledge diffusion without international trade and with dominant 

scale effects, e.g., Barro and Sala-i-Martin (1997); 

- technological knowledge diffusion with international trade, but still with the 

dominance of scale effects, e.g., Grossman and Helpman (1991a, chaps. 11-12); 

- scale-invariant technological knowledge progress, but without diffusion nor 

international trade, e.g., Jones (1995b). 

Structure of the following chapters 

In order to pursue our objectives, we model, in chapter 2, the domestic North and 

South economies: economic structure - final goods, intermediate goods and R&D sectors 

- , individuals' behaviour and human capital accumulation, and government budget and 

aggregate resources constraints. This characterisation highlights the North-South 

differences, which are crucial to the subsequent analysis. 

For the purpose of subsequent comparison, we start by considering, in chapter 3, a 

regime of technological knowledge diffusion without trade effects. Steady state and 

transitional dynamics are derived for the domestic North and South economies. In each 

country, leader firms sell the quality-adjusted intermediate goods only domestically, but 

diffusion, somehow, still takes place, but does not have any feedback effects in the 

Northern innovative R&D. 

International trade in intermediate goods is introduced in chapter 4. We analyse the 

immediate level effect, the steady state and transitional dynamics. The South is no longer 
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limited by its own ability to produce intermediate goods, since it can immediately import 
Northern intermediate goods that have not yet been imitated. Southern exports of some 
state-of-the-art intermediate goods become possible by imitating and under-pricing the 
Northern firms, which generates a feedback from Southern imitative R&D to Northern 
innovative R&D. 

In chapter 5, international trade is extended to all goods, in order to enrich the 
analysis with the effects that the driving forces of economic growth and technological 
knowledge diffusion have on the pattern of final goods specialisation. Trade in final 
goods is driven by North-South differences in relative levels of internationally immobile 
factors of production, à la Heckscher-Ohlin. 

Finally, chapter 6 offers some concluding remarks, including several paths for 
future research. 
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CHAPTER 2 

MODELLING NORTH AND SOUTH ECONOMIES 

2.1. Overview 
To complement the generic description of North and South economies presented in 

chapter 1, this short overview briefly highlights some particularities of chapter 2. 

As stated before, countries are subject to the same economic environment. We will 

therefore now present the model's key elements by characterising the domestic North and 

South economies in a stylised model, so that exogenous productivity, human capital (HC) 

and R&D differences become apparent and central to the subsequent analysis. 

In line with Barro and Sala-i-Martin (1997), this chapter describes a regime without 

considering the direct impact of international trade (IT) on imitation. Apart from the 

discussion on the relative importance of embodied versus disembodied idea flows - e.g., 

Romer (1993) and Wong (2004) -, ignoring for now the impact of IT is mainly 

instrumental, in order to compare in next chapters with the case with IT. 

As far as possible, we follow the standard Schumpeterian growth model. Thus, 

each country possesses three productive sectors: final goods (FGs), IGs and R&D. Every 

FG is competitively produced by one of two substitutable technologies, versatile (VT) or 

specialised (ST). Moreover, the composite FG is the numeraire in each country, which 

can be consumed, converted into quality-adjusted IGs or devoted to R&D activities. 

The R&D activity is done either by specialised firms supported by IGs firms or by 

the R&D department within the IGs firms. In any case, they carry out research, which 

can be influenced by government policies, to come up with ideas that they develop into 

blueprints (designs or successful research) for new (higher) quality IGs - Schumpeterian 

R&D, as formalised by Aghion and Howitt (1992) -, using the composite FG as the 

unique input - a lab-equipment model, to cite Rivera-Batiz and Romer (1991). 

As in Romer (1990b), the competitive market of blueprints implies free entry into 

the IGs sector, which results in the elimination of profits in a present value sense. That is, 

IGs firms decide whether to produce a quality-adjusted IG based on the cost of the 

blueprint and comparing it to the discounted net revenues from sales of the quality-

adjusted IG to the FGs firms. It is supposed that by investing in a blueprint, the IG 

18 



producer can buy one unit of composite FG at cost one, which is the marginal cost of 

production {MQ, turn it into a new quality-adjusted IG at no cost - i.e., it converts the 

composite FG into a quality-adjusted IG at zero cost -, and then sell it back to FGs firms. 

As the IG firm has monopoly power over the sales of its quality-adjusted IG, it can 

charge a price above MC, which can also be influenced by government policies, as can, 

consequently, price and sales. The IGs firms cover the R&D cost by selling shares in 

their future profits to individuals. Hence, the shareholders of IGs firms are individuals 

and thus the monopoly profit flows are paid out as dividend. In a setting where IGs 

producers support the R&D cost in order to come up with blueprints for new quality IGs, 

which in principle could be produced without set-up costs by anyone with access to the 

blueprint, the monopoly power of the IG firm needs to be (domestically) legally 

protected through an infinitely-lived patent for the IPRs. 

Other specificity is that lower quality-adjusted IGs firms are priced out of business 

in equilibrium. Each IG firm maximises its expected discounted profits, taking into 

account both the size of the monopoly profit flow and its likely duration or temporary 

monopoly power. As at all times there are follower IGs firms supporting research, this 

duration is finite, and each leader IG firm is driven out of business by further successful 

research, which eroded their profits. There is then uncertainty associated with research at 

the firm level, which creates jumpiness in microeconomic outcomes. However, as the 

probability of success across industries is independent and there is a continuum of them, 

we assume that this jumpiness is not transmitted to macroeconomic variables. 

Due to the cost of imitation, the market for IGs will be non-competitive in the 

South as well, and imitator firms - which support the R&D cost in order to obtain a 

design in the South that is also (domestically) legally protected through an infinitely-

lived patent - will adopt the same price behaviour as the innovator firms in the North. 

Over time, as the quality of IGs rises, HC becomes more productive. Since 

individuals derive utility from consumption of a single composite FG, R&D fuels per 

capita consumption growth and thus utility. Individuals decide, in a structure of doing or 

learning, between working in a productive process and increasing their stock of HC; and, 

on income allocation, between consumption and savings. They have perfect foresight 

about the technological knowledge (TK) change over time and choose their expenditure 

paths accordingly to maximise their discounted utilities. In rigour, each economy has 
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four productive sectors: the three standard Schumpeterian and HC accumulation. This is 

a dynamic general equilibrium model, so all markets clear throughout time. 

Each individual combines two types of education (training), at school and at OJT, 

which form the educational process. Lucas (1993) has suggested the importance of 

considering both modes of HC accumulation, in order to improve his own Lucas (1988) 

model. The HC accumulation in both schooling and OJT is described by functions à la 

Lucas (1988). Moreover, in line with Mincer (1993, 1994), we assume that, as in case of 

schooling, OJT is not an automatic process but requires time for training during which 

individuals do not work. Mincer (1993, 1994) states also that the two types of education 

may be substitutes or complements and so we write the HC accumulation as a constant 

elasticity of substitution (CES) function. 

To keep things as simple as possible, we assume that individuals endowed with 

high ability accumulate versatile HC (VH), while those gifted with less ability fare better 

by accumulating specialised HC (SH). Thus, there is a threshold individual who is 

indifferent of accumulated VH or accumulated SH. Moreover, we assume that VH is 

school intensive, while SH is OJT intensive. Intuitively, we suppose that schooling helps 

in adapting to changing environments more than OJT. A crucial point is that both 

technologies of HC accumulation differ in their relative use of inputs, while the 

educational process is technologically the same for all individuals. 

Our framework is, in particular, different from standard growth models that 

explicitly introduce HC as a separate factor of production. Generally they do so by 

considering more educated (skilled) workers perfect substitutes for less educated 

(unskilled) workers - e.g., Lucas (1988) - or by considering technology a complement to 

both types of labour - e.g., Mankiw et al. (1992) and Romer (1990a). Either way, there is 

no scope in such models for TK change to differentially affect the wages paid workers 

with different levels of education. 

After this short overview, the chapter proceeds by characterising the Northern 

economy and, in the process, highlight the differences relative to the South. Sections 2.2 

and 2.3 describe the FGs and the IGs sectors, respectively. Section 2.4 analyses the 

equilibrium for given states of TK and HC. Section 2.5 focuses on the R&D sector. First, 

innovation and imitation activities are modelled and, after that, the flows and duration of 

monopoly profits, the equilibrium probability of successful research and the behaviour of 

the aggregate quality indexes are computed. Section 2.6 portrays the behaviour of 
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individuals, stressing HC accumulation. Section 2.7 completes the description of the 

model, by including both the government budget and aggregate resource constraints. 

Section 2.8 concludes the chapter with some elements of synthesis. 

2.2. Final goods sector 

Final goods - Y, continuously indexed by ne [0,1] - are produced in perfect 

competition. Following the Schumpeterian set-up as amply divulged by the textbooks of 

Barro and Sala-i-Martin (2004) and Aghion and Howitt (1998a) complemented with the 

contribution by Acemoglu and Zilibotti (2001),6 we assume that each FG can be 

produced by one of two technologies, VT and ST.7 VT uses VH complemented with a 

continuum set of differentiated versatile-specific IGs indexed by j e [0,J ] . The ST 

inputs are SH complemented with a different continuum set of differentiated specialised-

specific IGs indexed by j e [0, JSH].S The production function of the nth FG at time t is, 

Yn(t)=A< 
JVH f k(j,t\VH) y a r i a 

2 qk xn(k,j,t\VH) dj nvhVHn(t\w) + 
L ° \ k-° ) J 

jSH( k(j,t\SH) V " a r a 

- X qk xn(k,j,t\SH) dj U-n)shSHn(t\w) 
_ ° \ *=° J -

(2.1) 

Term A is a positive exogenous variable representing the level of productivity, 

dependent on the country's domestic (non-IT related) institutions, namely tax laws, 

property rights, the maintenance of law and order, government services, cultural and 

geographical aspects, social conditions and others. We consider Asouth < A.North as the only 

North-South difference in the parameters of equation (2.1).9 Thus, a source of differences 

between countries is likely to be caused by changes in government policies.10 

In equation (2.1), the second and fourth expressions within square brackets 

represent the role of the specific HC inputs. The HC terms include the quantities 

6 In fact, this recent contribution is based on Murphy et al. (1998). However, since they are interested in the 
effects of TK change, not its sources, they represent TK change in terms of two exogenous functions of 
time, which augment the services of university-educated workers and high school-educated workers. 
7 To make the idea clearer, we can presume that VT is used in FGs with industrial or modern industrial 
production, like computers and automobiles, while ST is used in FGs with agricultural or traditional 
industrial production, like textiles and footwear. 
8 The term IG is used instead of 'machine' because we treat them as flow variables, as if there were full 
instantaneous depreciation. 
9 Although perhaps unrealistic, we have generally assumed, by reason of tractability considerations, the 
simplifying assumption that the parameters are equal in the countries. 
10 The effects of these policies on outputs are analogous to those from pure differences in the levels of TK. 
Since A is exogenous, we omit works that focus fully on the increase of A - e.g., Chipman (1970). 
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employed in the production of the nth FG, VHn(t\w) and SHn(t\w), that is, those that 

work and earn a wage. Consequently, index w in the HC inputs identifies the VHn and 

SHn actually employed in the production of the nth FG, as opposed to VH and SH in 

training. This implies that the output becomes determined by the stock of HC and time 

shares spent at work. From now on, we denote m = {VH, SH}. 

The HC terms also include two types of corrective factors accounting for 

differential productivities. An absolute productivity advantage of VH over SH is 

accounted for by the joint parameters vh and sh, assuming vh>sh>l; i.e., assuming a 

technological bias in favour of VT. From now on, we denote m = {vh, sh}. In other 

words, vh and sh can be called versatile-augmenting and specialised-augmenting 

parameters, respectively. A relative productivity advantage of either type of HC is 

captured by the terms n and (l-n),n whose behaviour is represented in figure 2.1 below. 

Figure 2.1. Behaviour of the adjustment terms 

T3 

The use of these adjustment terms in the production function (2.1) transforms the 

FGs index n in a relevant ordering index. It means that VH is relatively more productive 

in producing FGs indexed by larger ras, and vice-versa. This implies that the comparative 

advantage (CA) of VT increases with index n. Since n e [0,1], at each time t there is a 

competitive equilibrium threshold FG N, endogenously determined, where the switch 

from one technology to another becomes advantageous, as will become clear below. 

Parameter a, where 0 < a < 1, is the m-type HC share and, therefore, measures the 

contribution of the respective type of HC to the FG production.12 

11 The adjustment terms proceed from the general adjustment function:/(n', n) = l-\\ n'-n ||, where ||...|| 
indicate absolute value. Here, we have only two types of HC and so n ' - 0 for SH and n ' - 1 for VH. 
12 The share parameters of VH and SH could differ, but to simplify we assume that they are equal. 
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In equation (2.1), the first and third expressions within square brackets sum up the 

contributions of the two types of IGs to production. Each of the two IGs terms includes 

an adjustment for quality that reflects a stylised TK change process of the quality ladder 

type. The size of each quality upgrade obtained with each successful research in an IG j 

is denoted by q, an exogenously constant over time greater than one, > 1. The particular 

rung of a quality ladder on which j is located is indexed by k, with higher values of k 

denoting higher quality. At time 0, the highest quality in each IG industry has a quality 

index k = 0. One firm in each IG industry knows how to produce a k = 0 quality, and no 

firm knows how to produce any higher quality.14 To learn how to produce higher quality 

IGs, R&D firms or R&D departments of IGs firms engage in R&D and each subsequent 

successful research will make the IG g times more productive than its predecessor.1 

Over time, IGs improve as successful researches push each IG up its quality ladder. 

Thus, when the highest quality in an IG industry has index k, the next IG winner 

firm becomes the sole producer of the IG with quality index k+1. Hence, the quality 

index k(J, t\m) of the highest quality of the IG j at time t also measures the number of 

successful upgrades that have occurred in that IG since time 0 up to the present. The 

highest quality levels in all IGs at time t define the TK state-of-the-art at that time. 

The quantity xn(k, j , t\m) of the quality rung k of IG j is used, together with its 

HC complement - type m - , to produce the FG output at time t, Yn{t). Hence, 

(k{j,l\m) Y - 0 1 

Z Î* xn(k,j,t\m) 
k=0 

(2.2) 

is the quality-adjusted total amount of IGy, and (i-oc) is its share in FG production - it 

can inversely measure the IG monopolist's market power, as we will see later on. 

In production function (2.1), we have that m and the set of IGs [O,/"] are 

complements, whereas VT and ST are substitutes. Due to the latter feature, it can be 

written instead by the following CES production function: Yn(t) = A{VTl +ST l} ; / l , 

where for i = 1 VT and ST are perfect substitutes.16 The adjustment terms in our 

approach slacken the perfect substitutability between VT and ST and they become 

13 Our assumption that all IGs start with the same quality is innocuous and could be perfectly slackened. 
14 We will refer types of IGs to distinguish between versatile, [0, J ] , and specialised, [0,JSH], 
complementary IGs, and reserve the words variety and quality to distinguish different IGs (industries) of 

l /H ÇH ~ - fi I *) t 

the same type (J +J varieties) and different upgrades of the same IG (q , q , q ,..., q ,...), respectively. 
15 As we will see later on, at each time, only the highest quality IGs are used in the production of FGs and 
each IG industry consists of only one IG monopolist firm. 
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substitutes, as if 0<i< 1, in line with the empirical evidence and theoretical literature -

e.g., Freeman (1986), Angrist (1995) and Acemoglu (1998, 2002a, b, 2003).17 Moreover, 

the adjustment terms in our approach have the advantage of permitting that the threshold 

FG N be found, which will be an essential result in our analysis. 

The summation in equation (2.1) only runs up through k(j, t\m) because only the 

quality of the IGs which have been invented by time t can be used in the production of 

FGs at time t. Moreover, since the quality grades within an industry j are perfect 

substitutes as inputs to production, in equilibrium only the highest quality IGs are used 

because the productivity gain from using the latest generation of a given IG invariably 

dominates the cost differential associated with the same choice. This holds as a result of 

profit maximising limit pricing by monopolist producers of IGs, as we will see in section 
I Q 

2.3. Then the production function in equation (2.1) is reduced to: 

Yn(t)=A\ 

+ 

jVH 

Í qkU,t\vH) Xn(jt\VH) 

1-a 

dj nvhVHn(t\w) 
a 

+ 

jSHf y - a r a 

I qW-'M xHU,t\SH) 
K J 

dj (l-n)shSHn(t \w) 

(2.3) 

Where now xn(j,t\m) is the quantity of the highest quality IG j used, together 

with its HC complement that is of type m, to produce the FG output at time t, Yn(t). The 

'additive separability' of the IGs is an important property of this production function. It 

implies that discoveries of new varieties of IGs do not make any of the existing ones 

obsolete,19 and that no particular IG is (totally) essential for production: each IG is useful 

regardless of whether other IGs are available - i.e., they are perfect substitutes [e.g., 

Easterly et al. (1994)]. Nevertheless, while potentially the production of FGs can employ 

any IG indexed by [0, °»[, in our case, only the IGs [0, JSH] and [0, JVH] are used, since 

only these are available. 

1 We give additional details about the CES function in section 2.6. 
17 But, Kiley (1999), e.g., considers that the production with skilled workers and skilled-complementary 
IGs is a perfect substitute for production with unskilled workers and unskilled-complementary IGs. 
18 The assumption is not fully realistic. We should in general expect that 'the flow of services 
characteristics' associated with an IG depends upon the type and quantity of other IGs with which it co
operates within a production activity. If there are strong complementarities between different IGs, the best 
practice TK level of IG j at time t may not be the highest available. Compatibility constraints may in fact 
imply that it is inefficient to use very different TK levels of complementary IGs in the same activity. 
However, complementarities of this sort are simply ruled out in most R&D growth models. 
19 Like is the case in the expanding variety - or horizontal - R&D models of Romer (1990b) and Barro and 
Sala-i-Martin (1997, 2004, chap. 6), among many others. 
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Taking into consideration that only the highest quality IGs are used to produce FGs 

and that p(j,t\m) denotes the price of the m-complementary highest IG from industry./ 
10 

at time t, relative to the price of the composite FG which we treat as the numeraire. 

Then, since the market for FGs is competitive, the representative producer of FG n takes 

the price of its product, pn, the price paid for (a unit of) m-type HC, wVH and wSH , and 

p(j,t\m), as given, and maximises profits. Formally, we have:21 

jVH jSH 

Maxnn =PnYn-( p(j) xn(j\VH) dj - ( p{j) xn(j\SH) dj - w™ VHn - W"SHn • n.A) 
xn(j\m),mn 

Profit maximisation by the representative producer of the FG n implies that the 

marginal product of each input must equal its price, and thus assures zero profits since 

there are constant returns to scale. It is straightforward to verify that the first order 

conditions (FOCs) of the above maximisation problem yield the demands for IGs by the 

representative producer of nth FG:22 

xn(j,t\VH) = nvhVHn(t\w) 
pn(t)A(l-a) 

P(JJ\VH) 

lia 
qk(j,t\vH)lU-a)la]. ( 2 > 5 a ) 

xn(j,t\SH) = (l-n)shSH„(t\w) pn(t)A(l-a) lia 
k(j,t\sH)[(l-a)/a] ^ (2 5b) 

P(JJ\SH) 

Equations (2.5a, b) imply that FG firms demand more IGs when their product 

price, pn, is higher, when their HC employment, VHn(.\w) or SHn(.\w), and IGs quality, 

k(J, t\m), are greater, and when IGs prices, p(j,t\m), are lower. Intuitively, a higher 

price for the FG increases the value of the marginal product of the factors, encouraging 

firms to rent more IGs. A greater level of HC employed implies more HC to use the IGs, 

raising demand and this feature in itself leads to a market size effect.23 Since the demand 

curve for IGs is downward sloping, a higher p(j,t\m) implies lower demand. 

Plugging equations (2.5a, b) into equation (2.3), we obtain the supply of FG n, 

which then becomes given by - the time index t is now omitted: 

20 Later on, when we introduce IT, the Northern composite FG will be used as numeraire. 
21 To simplify, here we omit the time index t, the quality rung k and the working index w. For the same 
reason, from now on in obtained equations, we omit indexes when there is no cause for misunderstanding. 
22 In fact, if producers of the FG n use VT, xn(k,j,Í\VH) is given by equation (2.5a), while 

xn{k,j,t\SH) is zero, and vice-versa when ST is chosen. Similar considerations apply throughout. 
23 Note for now, that we are only in the scope of the standard R&D-based models in which the stock of HC 
is fixed and exogenously determined, and rely on scale effects to generate endogenous growth. In our case 
and specifically without IT effects, VH„(t\w) and SH„(t\w) are effectively the 'markets' for new 
technologies, since IGs monopolists can only sell IGs to domestic FGs producers employing domestic HC. 
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Yn=A lia PnV-U) 
l-d 

P(j\m) _ 
nvh VHn(.| w) QjV" + (l-n)sh SHn(.\w) QjS 

jVH 

Where, QjW = ( gW.'NOtti-)/-] dj and QjSH = [ fU.WW* $, 
SH 

(2.6) 

(2.7) 

are the two aggregate domestic quality indexes, measuring domestic TK in each range of 

IGs. Increases in the state of Q]m result from the TK progress permitted by successful 

researches. They improve the productivity of m and raise FGs output, and can be called 

versatile and specialised-augmenting technologies, respectively. Sometimes we will refer 

to QJV" and QjSH as VT and ST complementary since they represent the quality of IGs 

used by VH and SH, respectively. The ratio Q]V" IQJSH is the relative productivity of the 

versatile TK, which is an appropriate measure of the versatile-specialised TK bias. 

We define the output aggregate - the composite FG - as:24 

J r i ■ 
Y(0= \pn(t)Yn(t)dn = exp \lnYn(t)dn (2.8) 

"o "o 

where we normalise the price of the composite FG in each period to 1. That is, we 

assume (for now) that the composite FG is numeraire in each country. 

2.3. Intermediate goods sector 

The IGs sector supplies the FGs firms with different quality-adjusted IGs. Given 

that, by assumption, the production of IGs and R&D is financed by the saved resources 

after consumption of the composite FG, the simplest hypothesis is to consider that the 

production function of IGs is identical to the composite FG specified or, equivalently, 

that the composite FG is the input in the production of each IG 5 Given this convenient 

simplification, the MC of producing an IG equals the MC of producing the composite FG, 

which, due to perfect competition in the FGs sector, equals the price of the composite FG 

(numeraire), pf, i.e., MC = py= 1. Hence, the MC of producing an IG is independent of its 

quality level and is identical across all domestic industries. In addition, we assume that 

the government can subsidise the production of IGs by paying a fraction ad-valorem, sx, 

of each firm's production cost. Thus, the after subsidy MC of IGs production is (l-sx). 

As will see more explicitly later, the consumption and savings come out of the composite FG. 
25 As Papageorgiou (2002, pg. 5) remarks, "Introducing a new production function for the manufacturing of 
IGs would only complicate the algebra without changing the results qualitatively." 

Since subsidy and tax rates are relatively stable over time, we are only considering the case where they 
are stationary and exogenously given, since otherwise the technical complexity would be substantial. 
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Since all FG firms, which use the same technology, face the same input prices and 

choose the same input ratios, we can aggregate FG firms to obtain the aggregate demands 

X(j, t\VH) and X(j,t\SH) for the highest quality of IGy at time f?1 

l l 
X(j,t\m) = X(k,j,t\m) = J xn(j,t\m) dn= f xn(k,j,t\m)dn. (2.9) 

o o 

The manufacture of an IG requires a start-up cost of researching a new design. This 

investment in a blueprint can only be recovered if profits at each date are positive for a 

certain period in the future. This is guaranteed by domestically enforced patents - i.e., 

there is a domestic system of IPRs -, which protect the leader firm's domestic monopoly 

of that quality IG, while at the same time, almost without costs, disseminating acquired 

TK to other domestic firms. Thus, IGs producers are expected to be unwilling to produce 

under competitive market conditions. Under these assumptions, TK of how to make an 

IG is (or tends to be) public (non-rival and non-excludable) within a country. 

As the producer of the highest quality in each industry j of IGs is assumed to be a 

monopolistic competitor, it solves the following maximisation problem at each time: 

Max I7(k,j,t\m) 
p(k,j,t\m) 

p(k,j ,t\m)-{l-sx) X(k,j,t\m). (2.10) 

Substituting the demand function given by equation (2.9) into equation (2.10) and, 

after that, taking the derivative with respect to price and setting it equal to zero (FOCs), 

it is straightforward to derive the solution of this maximisation problem as: 

1-s 
Monopoly pricing => p(k,j,t\m) = p(j,t\m) = p = - . (2.11a) 

1-a 
Limit pricing => p(k,j,t\m) = p(j,t\m) = p = q (l-sx) ; (2.11b) 

Equation (2.11a) shows that the profit-maximising price yields a mark-up on the 

after subsidy MC of manufacturing IGs, since p > (l-sx). Without change in government 

intervention then, like the MC, this price is a constant mark-up over time, across 

industries and for all quality grades, which makes the problem symmetric.28 The closer a 

is to zero, the smaller the mark-up; that is, there is less room for monopoly pricing. 

X(k, j , t\m) = X(j,t\m) and x(k, j , t\m) = x(j,t\m) since only the producer of the highest quality 
in each industry y sells goods. Note also and more precisely that - as we will see later in section 2.4: 

X(j,t\sH)= \xn(j,t\sH)dn= \xn(j,t\sH)dn and X(j,t\vH)= \ xn(j,t\vH)dn= fx<j,t\VH)dn-
J0 J0 J0 JN 

This is because final producers in the range [0, N] do not demand versatile-complementary IGs, whereas 
final producers in the range [N, 7] do not demand specialised-complementary IGs. 

Hence, with a constant MC and a constant elasticity demand curve, the solution p to the maximisation 
program is independent of k and y - i.e., in equilibrium all IGs firms will supply the same price, which is a 
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As is quite standard in the literature, in the production function (2.1), we assume 

that, for each IG, all quality ladders are perfect substitutes as inputs. Since the IG firm, 

which produces according to the latest successful research, is the only firm legally 

allowed to produce the highest quality IG, it will use pricing to wipe out sales of lower 

quality in its IG. Depending on whether q (1-a) is less than or greater than MC will 

respectively use limit or monopoly pricing to capture all the market - e.g., Barro and 

Sala-i-Martin (2004, chap. 7). Like, for example, Grossman and Helpman (1991a, chap. 

4),29 we assume that limit pricing strategy is binding and therefore is used by all firms. 

Thus, we consider that, in all IGs, they choose a price (in terms of composite FG) e 

- arbitrarily small - that is lower than the constant limit price in equation (2.11b).30 It 

can be called an upper boundary and reflects the fact that the leader is q times more 

efficient that the closest follower domestically available IG. That is, because the lowest 

price the producer of the second best good can charge without having negative profits is 

(MC-sx), the leader firm can successfully capture the entire market for this IG - it can be 

the only active producer in the IG market, by selling at any price slightly below q(l-sx). 

In brief, suppliers to IGs firms are either successful research firms or their R&D 

departments, and customers are FGs firms. As is standard in the endogenous growth 

literature, IG firms compete in prices - Bertrand price competition - and only the best 

qualities are used, and the production function (2.1) reduces to equation (2.3).31 When 

they earn the opportunity to produce the new quality-adjusted IGs, they produce at the 

after subsidy MC and sell at a limit pricing mark-up in equation (2.11b). Thus, the 

magnitude of quality improvements q can serve as an indicator of the market power of 

the incumbent firm and (imperfect) competition in IGs production. Note that, regardless 

of the strategy (monopoly or limit pricing), the price of IGs is taken as given by the FG 

producers (price takers), as we have just noted in equation (2.3). 

Given equation (2.1 lb), we can now rewrite equations (2.5a, b) as: 

mark-up over the after subsidies MC, influenced by the elasticity of demand (that is equal to -lia) or, in 
other words, influenced by the market power common to all monopolistic competitive producers. 
29 In fact, as in Grossman and Helpman (1991a, chap. 4) a = 1, monopoly pricing is not viable in their case. 
30 Note that, from the analysis above, for q in equation (2.1 lb) we have that: 1 < q < [1/(1 - a)] . 

As Denicolo and Zanchettin (2002) show, this is not the case with Cournot competition, where: (i) two 
or more firms can be active at equilibrium, so that different quality grades of the IG can be simultaneously 
produced, even if older qualities are less productive; (ii) IGs firms' rents can not be terminated by the 
occurrence of the next successful research, although the market share and profits of the current producer 
decrease, and less efficient firms may be driven out of the market. We leave the implications - namely in 
equilibrium growth rates - of the Cournot competition in our framework for future work. 
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xn(j,t\VH) = nvhVHn(t\w) pn(t)A(l-a) lia 
k(j,t\vH)[(l-a)la}. 

xn(j,t\SH) = (l-ri)shSHn(t\w) 

qU-sx) 

pn(t)A(l-a) 
qd-sx) 

lia 
k(j,t\sH)la-a)/a] 

32 

(2.12a) 

(2.12b) 

Equations (2.12a, b) yield the explicit industry demands for IGs. Substituting 

these into the production function of the FGs given by equation (2.3), we obtain: 

Yn=A lia PnV-<X)~ 
1-a 

a 

qd-sx)_ 

1-a 
a nvhVHn(.\w) QjV" + (1-n) sh SHn(.\w) QJ$ (2.13) 

As in equation (2.6), equation (2.13) emphasises that the growth of FGs production 

is entirely driven by improvements in the domestic available quality of IGs or, in other 

words, by domestically available TK (versatile and specialised type), QjW and QjS" , 

and by domestic HC accumulation, VH and SH, and respective utilisation in FGs sector. 

2.4. Equilibrium given R&D and human capital accumulation 

In this section, we obtain the domestic equilibrium values for the threshold FG N, 

the aggregate variables Y and X, the price paid for a unit of each type of HC, its growth 

rate as well as a (equilibrium) measure of inter and intra-country wage inequality. To this 

end, we proceed to characterise the equilibrium for a given state of TK - QJVH and QjS" 

defined by equation (2.7) - and stocks of VH and SH. After that, the R&D activities and 

the endogenous determination of HC accumulation together with government budget and 

aggregate resource constraints close the model of the domestic economy. 

Generically, a feature of the equilibrium is that only one technology, VT or ST; i.e., 

one combination of IGs of a certain type and the respective HC, will be used to produce 

each FG. We follow, with the due differences, Acemoglu and Zilibotti (2001). 

The pattern of comparative advantage (CA) embedded in the production function 

(2.1) through the adjustment terms n and (1-n) makes VH relatively more productive in 

high index FGs. Together with profit maximisation, this pattern implies the existence of a 

threshold FGiVe [0,1], such that only ST is used to produce FGs indexed by 0 < n <N 

32 The monopoly power of IG firms implies that the production of IGs under the decentralised {laissez-faire 
or private) case is not Pareto optimal - there is underproduction. In fact, comparing the demands for IGs in 
decentralised and social planner cases, it can be demonstrated that the two are equal if and only if the 
government in a decentralised case offsets the distortion caused by limit pricing, which occurs if 
sx = [(q - 1)1 q] ; that is, if government appropriately subsidised the production of IGs. 
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- i.e., VHn = xn(■ |VH ) = 0 for all 0 < n < N -, and only VT is used to produce FGs with 

N<n< 1 - i.e., SHn = xn{-\SH) = 0 for all TV<n < 1. To prove this, we start noting that 

the profit of a representative producer of a FG n which uses ra-type HC, in the period t, is 

nn(t\m) = pn(t) Yn(t\m) - $ p(j) xn(j,t\m)dj - wm(i) mn(t\w), (2.14) 

Where: Yn(.\vH)=A lia 
1-a 

Yn(.\SH)=A lia Pn 0 ~ a) 
1-a 

a 

« ( ' - * , ) _ 

a nvhVHn(.\w) QjV" ; 

(l-n)shSHn{.\w)QjS 

Taking equation (2.14), we can use equations (2.11), (2.12a, b) and (2.13) to write 

per HC profit in each period, 7Cn(-\m), as: 

*
MvH):=

mJW)^
n {PnA) (1-a) 

Q(l-sx) 

1-a 
a aQjVH-w™ (2.15a) 

n (-\SH) 
lia (1-a) 

1-a 
a aQjSH-ws». (2-15b> 

Competition implies that, in equilibrium, I7n(-\m) <0, Vn. That is, since the FG 

market is competitive, every FG producer has to make zero profit per HC employee. 

Moreover, we observe that the difference 7tn(-\ VH)-7tn(-\SH), is given by: 

(PnA) lia (1-a) 
1-a 

a n(vhQjVH+shQjSH)-shQjSH 
+ M?

H - W VH (2.16) 

Hence, from equation (2.16), 7cn{-\VH)-7tn(-\sH) is an increasing function of n 

over [0,1]. In addition, the structure of production implies that all FGs n must be 

produced, as results from equation (2.8), together with the assumption that individuals 

obtain utility from the consumption of the composite FG, as will become apparent below. 

Thus, for any FG n we must have either nn(-\VH) =77„(-|v//)= 7Tn(-\SH) = I7n(-\SH)= 0 

or xn(-\vH) =IJn(-\vH) = 0 or nn('\SH) =I7n(-\SH)=0. Moreover, in equilibrium, it is 

impossible to have a certain m-type HC unemployed, because this would imply that the 

price paid for a unit of the m-type HC falls to zero. Hence, from equations (2.15a, b), a 
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profitable deviation would exist. Thus, a positive measure of FGs must be produced 

using the m-type HC. It follows that a threshold FG N must exist, where 0 <N < 1, such 

that Kn{-\VH)-7tn{-\SH)=0, and 7in(-\ VH)-xn(-\SH)>0 (<0) for alln >iV (forn < N). 

Then, we can rewrite the production of FG n given by equation (2.13) as: 

Y. = 

ilia 

ilia 

(l-n)shSHn(.\w) QjS" if 0<n<N 
(2.17) 

nvhVHn(\w)QjV if N <n<l 
qd-sx) 

As mentioned before, equation (2.17) shows that the production of FG n - of each 

type - is a linear function of the respective TK, Qjm , and the HC used, mn{.\w), and it 

depends also on the respective price, pn. This is because a higher price of output increases 

the value of IG productivity, but not their costs, and consequently encourages firms to 

use more of them, thereby raising HC productivity. 

In equilibrium, the marginal value product of each type of HC has to be equalised 

across all the relevant FGs - n > N for VH and n < N for SH; that is, 

ap„rB(0 = 
dmn(t\w) 

(P«A) lia 

(PnA) lia 

1-a 

{l-n)shQJ° if n<N 

l - a 
(2.18) 

n vh Qjm if n>N 
q(lsx)_ 

Equation (2.18) also represents the wage of the m-type HC, and accordingly the 

marginal value product of each type of HC is the same for all n e [0, N] and for all 

ne [N, 1], if p^/a(l-n) and p*/an, respectively, are constants.33 Defining these 

constants as pSHU/a) an (j pvH(i/a) > reSpectively, we will have that pn = pSH (l-n)-a and 

Pn
 = PVH n~a . respectively. Substituting this result into equation (2.17), we have: 

Y = 

,SH a vSH _ ,, Ha Y;"(l-n)a,Yn*"=Alla pSH (l-a) 
q(lsx) . 

/ - a 

" sh SHn(.\w) QjS" if 0<n<N 

Yn
VHna,Yn

VH = Alla p™ (l-a) 
q(lsx) 

l - a 
(2.19) 

vhVH n(.\w) QjV" if N<n<l 

33 I.e., if they are constants since they are independent of n, but they can be dependent on the time t. 
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Then, since equation (2.8) implies that, in equilibrium, expenditures across FGs are 

equalised, that is, pn Yn is constant for all n,M we find that VH„(.\w) and SHn(.\w) have 

to be constant and equal in all FGs using VH and SH, respectively.35 To sum up, 
ÇfJ( I vtA rN 

pn=pSH (l-n)-a, SHn(.\w) = £in±-L . SH(.\w)= I SHn(.\w)dn andn<N; (2.20a) 
A'' Jo 

pn=pVH n-a, Wn(^) = JjZ~ ■ VH(.|w)= \'vHn(.\W)dn and n > tf. (2.20b) 

The /7VH and p5 / / are called two FGs price indexes. In the next chapters, we will see 

that they are (intra-country) different under different IT regimes and in the different 

countries, North and South (i.e., at inter-country level), which is an important result in 

our analysis. Note that FGs with higher indexes produced with SH have a less productive 

technology and command higher prices. The converse is true for VH FGs. 

To fully characterise equilibrium, we need to find the threshold FG tf. To this end, 

we start noting that in FGs with n < tf, firms using a ST obtain zero profit, while a firm 

using a VT would obtain negative profits. The opposite occurs for FGs n > N. In the 

threshold FG n = tf, a firm that uses ST and a firm that uses VT should breakeven. That 

is, both equations (2.20a, b) should hold for n = N. This yields, at each moment in time, 

the following ratio of price indexes of FGs produced with VT and SH: 

TV pVH 

pSH 1-N 
(2.21) 

Equation (2.21 ) relates tf to price indexes and tells us that the greater tf and a, the 

greater p is relative to p , since 0 < a < 1. Moreover, since pn Yn is constant for all n, 

then, from equation (2.19), it results that pnY™ (l-n)a = pnY™ na, which, given 

equations (2.20a, b), is equivalent to writing pSH Y„H = pVH Y™ . Substituting Y™ and 

Y™ by the respective expressions given also in equation (2.19), and using once more 

34 This is the standard property that factor shares are constant under Cobb-Douglas function. Take the 
following generic symmetric Cobb-Douglas function: Y = xt x2" ...xn". In competitive equilibrium, 

given symmetry: pt x1 = p2 x'2
/n = pn x"n = —Y . The production function Y - exp\ In Y„ dn is the 

limit of this case for n —» °°. 
35 That is, pn Yn = pn Yn ( 7 - n ) a = constant => SHn(.\w) is common in all industries using SH. From 

the same analyse, we have that VHn(.\w) is also common to all industries using VH. 
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equations (2.20a, b) and equation (2.21), the resulting N, as a function of the currently 

given variables determinants of economic viability of the technologies, VT and ST, is:36 

-; 
\njVH MhVHt IMAIÕ 

N = 
QjV" vhVH(.\w) 

(2.22) 
_QJSH shSH(.\w) 

Equation (2.22) shows that if the technology is highly versatile-biased - i.e., high 

Q}mIQJs" _ and/or if there is a large relative supply of VH - i.e., high 

VH(. \w)/SH{. \w) - , and/or if there is a large productivity advantage of the VH over the 

SH in production - i.e., high vh/sh - , the fraction of FGs employing VH and using VT is 

large. In other words, the relative supply of VT is large and so N is small. Thus, we can 

interpret N as a FGs sector bias or a technology margin. In terms of price indexes, small 

N implies that the relative price index of versatile FGs is also low and, conversely, the 

relative price index of specialised FGs is high, as equation (2.21) shows. 

In this situation, the demand for specialised-specific IGs is high - as is apparent in 

equations (2.12a, b) and even more so in equations (2.25a, b) below -, increasing the 

demand for specialised-specific new designs and inducing R&D activities aimed at 

improving specialised-specific technologies. In summary, the structure of the stock of 

HC influences the direction of R&D through the FGs price channel - i.e., there are 

stronger incentives to develop technologies when the FGs produced by these 

technologies command higher prices, as we will see below.37 

In line with previous considerations, we assume that, when TK diffusion becomes 

possible at time to, the TK gap is relatively higher in the versatile-specific type, and that 

initial endowments of HC are such that the North is relatively VH abundant; i.e., 

Qf\t0) . QiTitp) a n d VH,(t0\W)^VHp(t0\w) 
QÍS\t0) Qp\t0) SH,(t0\w) SHP(t0\w)' {- } 

36 In summary, with perfect competition in FGs, economic viability of either type of technology depends on 
the productivity difference (vh/sh) and on price of the specific type of HC, in addition to (as a result of 
complementarity) the relative productivity and prices of the specific IGs. The prices of HC depends on the 
quantities supplied to production, m(.\w). In relative terms, the productivity-adjusted quantity of VH in 
production is [vh VH(.\w)]/[sh SH(.\w)]. As for the productivity and prices of IGs, they depend on 
complementarity with either type of HC, on the TK embodied, and on the elasticity of demand by the 
producers of FGs. These determinants are summed up in QJm and the ratio QJ™ /QJSH is the relative 
productivity of the versatile-specific IGs. 
37 This price channel shows up in several papers by Acemoglu [e.g., Acemoglu (2002a)], although always 
dominated by the market effect, which, in our case, is removed, as we will see in section 2.2.5. 
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From now on, whenever necessary, indexes / and P in equation (2.23) identify the 

countries, where index / (of 'innovator') represents the Northern country and index P (of 

'Plagiarist') represents the imitator Southern country. Given the initial characteristics of 

the countries in equation (2.23) then, for example, - as we will see later on numerically -

the North always produces more FGs with VT than the imitator country - i.e., NP > TV/. 

Now, we want to determine the aggregate output, Y, and the total resources devoted 

to IGs, X. Remember that we have normalised the price of the aggregate consumption to 

be equal to unit (numeraire). The properties of price indexes under Cobb-Douglas 

technology imply that exp J lnpndn = pY = 1. Hence, with some algebra, we get that: 

'1-N~ 
0 = ]lnpndn = Nln(pSH) + (l-N)ln(pVH) + a\l + (l-N)ln 

N 
+ ln(N)\. (2.24) 

Then, by using equations (2.21) and (2.22), we can rewrite equation (2.24) as: 

pSH - exp (_a) ft a=exp (_a), 7 + QjV" vhVH(.\w) 
QJSH shSH{.\w), 

(2.25a) 

pw =exp(-a)(l-Nya=exp(-a) 1 + QjV" vhVH(.\w) 
QJSH shSH(.\w) 

,Wf 

■,SH 

N 
1-N 

QjSHshSH(.\w) 

(2.25b) 

(2.25c) 
QJ vhVH(.\w) 

Therefore, equations (2.25a-c) ensure that the prices of SH specific FGs are higher 

and the prices of VH specific FGs are lower, when the relative domestic aggregate quality 

index or domestic measure of versatile-bias, QjVHIQjSH, is larger and when the relative 

supply of VH, VH(. \w)/SH{. \w), is also large. 

Now, we will determine the total resources devoted to IGs production, X, for any 

period. By using equations (2.9), (2.12a, b) and (2.20a, b), we have that: 

X(j,t\SH) = f x„(j,t\SH)dn = shSH(t\w) 
o 

X(j,t\VH) = [ xn(j,t\VH)dn = vhVH(t\w) 

pSBA (1-a) 

pVHA(l-a) 

qU-sx) 

lia 

q 
k(j,t\sH)Hl-a)la\, 

(2.26a) 

lia 

qkU,t\vH)lU-a)la]^ (2.26b) 
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.38 

Thus, as a result of equations (2.25a, b) and (2.26a, b), we find that, after some 

calculations, the total resources devoted to IGs production are expressible as a function 

of the currently given aggregate domestic quality indexes and HCs at workr 
JSH JVH 

X=\ X(j,t\SH)dj + \ X(j,t\VH)dj = 
Jo Jo 

2 

= exp(-l) A(l-a) 
Id-',) 

lia 
QJishSH(.\w) 

I _ 
2 QJvvhVH(.\w) 

2 
(2.27) 

Also the equilibrium aggregate output at each time t - the composite FG from 

equation (2.8) - is expressible as a function of the currently given aggregate domestic 

quality indexes and HCs. In fact, from equations (2.17), (2.20a, b) and (2.25a, b), we 

obtain, after some calculations 39 

Y= exp(-l) A lia 1-a 
qQsx) 

-,1-a 
QJ shSH(.\w) 

I 
2 + )JVH 

QjrvhVH(.\w) . (2.28) 

This representation, which features constant (equal to 2) elasticity of substitution 

between the two types of HC pondered by the respective quality indexes, confirms our 

consideration about the type of substitutability present in production function (2.1). In 

fact, the value two - suggesting that t is equal to Yz - implies substitutability between the 

two technologies in line with the literature - e.g., Acemoglu and Zilibotti (2001) - , and 

will be useful to understand some differences between countries - for example, in the 

productive structure under different IT regimes. 

Taking A as given, equation (2.28) clearly shows that the countries' growth rates 

are determined by the domestic (since there is no international mobility of production 

factors) HC accumulated and the time share spent at work - i.e., by the preferences of 

individuals - and by the available (which without IT of IGs is the domestic) TK, 

accumulated either through innovation or through imitation.40 

38 

39 

40 

Or, equivalently, as explicitly dependent on the threshold N, instead of its determinants: 

X=exp(-1) A(l-a) 
qU~sx) 

QJSH shSH(.\w)-^=exp(-l) A(l-a) 
qV-sx) 

Q'' vhVH(.\w) 
(1-N)2 

Or, equivalently, as explicitly dependent on the threshold N, instead of its determinants: 

Y= exp (-1 ) A1 (1-a) 
qV-sx) 

1-a 

QJS"shSH(.\w)—=exp(-l)A' 
N 

(1-a) 
qV-sx) 

QJ vhVH(.\w) 
(1-NY 

As we will see in chapter 3, in steady state equilibrium both the threshold FG Af - and so FG price 
indexes -, and the time distribution of the HC among learning and doing will be constants. 
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Moreover, computing the 'net aggregate output' - i.e., composite FG, Y, minus the 

resources devoted to IGs production, X - we observe that, all else being equal, both 

composite FG and net aggregate output are decreasing in the extent of monopoly power -

q < 1/(1-a) - because of standard monopoly distortions. 

Since the price paid for a unit of each type of HC, wm, is equal to its marginal 

product, it can be presented in the following extended way 

dY 

41 

a SH(. | w) 

dY 
dVH(.\w) 

w 
SH B 

= w w = 5 

QJSHsh SH(.\w) 

QJV" vhVH(.\w) 

shQ JSH 

vhQ 

where, B - exp (-1 ) A lia ' U-a) ' 1 -a 
a 

L «tf-o. 
)/S» QJ shSH(.\w) + 

JVH 

QJVH vhVHQw) 

(2.29a) 

(2.29b) 

From equations (2.29a, b) - or from equation (2.18), and bearing in mind equations 

(2.20a, b) - we can conclude that the variation in the price paid for a unit of each type of 

HC (equilibrium wage dynamics) is given by the following equation: 

1 P" w + 
QJm 

(2.30) 
wm « p" QJ 

From now on, we will denote a dot above a variable as the time change of that 

variable. Thus, equation (2.30) gives us the variation in the price paid for a unit of m-

type of HC that depends on the path of domestic demand for m-type HC, which, in turn, 

by reason of the complementarity in FGs production, is proportional to the dynamic of 

both the respective FGs' price index and the aggregate domestic quality index. 

As well from equations (2.29a, b), the inter-country wage inequality is given by: 

wE 

w, 

PPAP 

p?A, 

lia 
Q j

m 

p 

QÍ" 
(2.31) 

Equation (2.31) suggests that there is a higher wage in the North, as a result of the 

conjunction of international immobility of HC, differences in productivity, Aj > Ap, and 

differences in available TK - and also due to the value of the HC share in production. 

Or, equivalently - clear from equation (2.18) - , w
m ={ vm A d-a) 

id-*,) 

l-a 
" — r\Jn 
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Also from equations (2.29a, b), we can also obtain the versatile premium, W -

relative marginal product of VH or versatile wage, wVH, relative to specialised wage, wSH: 

W = w VH 

W SH \P J 

vh_Q 
sh Q 

JVH 

JSH 

f QJVH ^ 

~Q 
JSH 

vhVH(.\w) 
shSH(.\w) 

'2 vh 
sh 

(2.32) 

Equation (2.32) tells us that the versatile premium in any country (intra-country 

wage inequality) is greater when the parameter vh is relatively greater - i.e., when the 

absolute productivity advantage of VH over SH is strong -, when technologies are more 

versatile biased - i.e., when the relative versatile TK is higher -, and when VH employed 

in productive activity is relatively more scarce.42 This variable, W, is of potential interest 

because it can be seen as a measure of the flexibility of the HC market. If it rises, it tends 

to make the income distribution more unequal, and vice-versa. 

Finally, taking into account equation (2.32), the ratio of the versatile premium 

between countries (inter-country), W, is: 

W, 
SHP(.\w)VH,(.\w) 
SHI(.\w)VHP(.\w) 

^ r 
Qi Qi 

,VH ,S 

Qi Qi 

,SH \ 

(2.33) 

This equation suggests that the versatile premium will be relatively greater in, for 

example, the imitator country, when it is relatively abundant in SH, the innovator country 

is relatively abundant in VH, Southern TK is more versatile-biased and Northern TK is 

more specialised-biased. Moreover, in two countries with the same (available) TK, which 

is the case of IT - as we will see in chapters 4 and 5 -, if, in addition, they have the same 

ratio VH(.\w)lSH(.\w), the versatile premium should be the same, W= 1. 

In the next section, we conclude the outline of the production side of the economy, 

with a detailed description of the technology of R&D activities. 

2.5. R&D sector 
2.5.1. Overview 

The R&D sector supplies IG firms with designs and R&D can be produced either 

by R&D specialised firms or by the R&D departments in IG firms. In particular, 

following Segerstrom et al. (1990), Grossman and Helpman (1991a, chap. 4, b, c), 

Aghion and Howitt (1992, 1996) and Barro and Sala-i-Martin (2004, chap. 7), among 

many others, R&D constitutes the search for new designs which lead to a new improved 
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quality of IGs. We opt for the quality ladder approach because it is more appropriate for 

our purposes.43 In fact, it is more adequate to study the effects of competition between 

leaders and followers on the process of economic growth - e.g., Gancia and Zilibotti 

(2003) - , and IT enhances competition between producers of the same good. 

In the standard models, all firms have access to the same R&D technology in the 

same conditions in each industry. It is implicitly assumed that top technology, once 

discovered, is automatically disclosed and, thereby, becomes immediately accessible to 

all potentially next successful researchers. That is, whilst the designs are domestically 

patented and the IG leader firm in each IGs industry - the one that produces according to 

the latest obtained patent - uses limit pricing to assure monopoly power, the TK it 

embodies is publicly accessible to all firms engaged in R&D activities aimed at 

generating further successful research. Thus, leader firms do not support R&D activities, 

since these cannibalise some of their own business - i.e., applying resources to R&D is 

not profit maximising. Contrarily, the lure of monopoly rents drives potential entrants to 

support risky R&D projects in the search for the blueprint of a higher quality production. 

However, as pointed out in Segerstrom and Zolnierek (1999) and Segerstrom 

(2004), among others, it is possible to contend that leader IGs firms in each industry can 

have R&D cost advantages over all other firms, and it is also possible that there are 

diminishing returns in R&D efforts for individual firms in each industry.45 In the former 

case, when leader firms have a small R&D cost advantage, follower firms support all the 

R&D investment - the purest form of the process of 'creative destruction' results. On the 

other hand, when leader firms have a high R&D cost advantage, only they participate in 

R&D - the purest form of 'trustified capitalism' emerges. In the latter case, both leader 

and follower firms engage in R&D. But, when the R&D cost advantage of leader firms is 

large, they are responsible for a greater share of successful research, and vice-versa. 

We can avoid that Wbecomes smaller than 1 considering [vh/sh] > {[VH(. \ w)QjS" ]/[SH(. \ w)QjW ]}. 
43 The two approaches - vertical and horizontal - complement each other. Thus, the possibility that R&D 
also generates new varieties of IGs - Le., the combination between the expanding variety model and the 
quality ladder model - will be explored in future work. 

The quality ladder approach explains successful researches and growth by intentional R&D activities of 
private firms, formalising Schumpeter's (1934, 1942) vision of the continuing process of 'creative 
destruction' or Schumpeter's (1928) vision of the continuing process of 'trustified capitalism' or a mix of 
both Schumpeterian visions. 
45 Until the brief discussion in the 1st edition of Barro and Sala-i-Martin (2004, chap. 7), in 1995, this issue 
has been little explored. Recently, many works have analysed this topic of discussion assuming different 
points of view - e.g., Aghion et al. (2001), Dinopoulos and Syropoulos (2001, 2004) and Etro (2004). 
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Considering that, in the study of Segerstrom and Zolnierek (1999) and Segerstrom 

(2004), the advantage resulting from TK diffusion is the same for all Southern firms, it 

can be proved that TK diffusion has no effect on the type of IG producers - leaders or 

followers. Moreover, the empirical evidence on returns to scale of R&D efforts at a firm 

level seems to be inconclusive - e.g., Bound et al. (1984), Kortum (1993), Lach (1995) 

and Thompson (1996). Thus, given our main objective - to build a dynamic general 

equilibrium model to analyse the effects of international TK diffusion under different IT 

regimes on economic growth and on inter and intra-country wage inequality, in a set-up 

of no scale effects and with HC accumulation - , we analyse the case where: (i) leader 

and follower firms in the same country face the same (or much the same) costs, which is 

guaranteed due to the usual idea that the TK designs embody tends to be publicly 

accessible; and (ii) there are constant returns to R&D expenditures - e.g., Romer (1993). 

However, we consider that leader firms can use some strategies to preserve their 

economic revenue by delaying or retarding the successful research explored by follower 

firms, by reducing the flow of TK spillovers present in their successful research - e.g., 

Dinopoulos and Syropoulos (2001, 2004) and Sener (2003). Incorporating this aspect in 

the R&D specification together with the assumption that the increase in scale also entails 

(a lot of generic) costs enables us to eliminate the scale effects; i.e., allows us to analyse 

the mechanisms through which IT affects TK progress in contexts without scale effects. 

The competitive market of blueprints implies free entry by follower firms into the 

IGs sector, in order to explore the next quality improvement. Moreover, the R&D 

supported by each follower firm is done under the same R&D technology, independently 

of whether it is done internally - in its R&D department - or, alternatively, externally -

in R&D specialised firms. Each potential entrepreneur may target his research efforts at 

any of the continuum of state-of-the-art IGs; that is, it may engage in any IG. Like in 

most of the quality-ladder models, regardless of the country, R&D behaviour does not 

vary across IGs, firms or over time. Since there are a large number of small firms capable 

of performing R&D for either industry - i.e., there is perfect competition among follower 

firms in each IG - , R&D expenditures of individual follower firms will be negligible. 

As mentioned earlier, another specific feature of our framework is that TK change 

is directed. The choice will be driven by the comparison between the expected profits 

from producing and selling some of the highest quality of xn(-\ VH) or of xn(-\SH) or by 

not entering the market. In other words, the choice will be driven by market incentives. 
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Thus, the degree to which new technologies are versatile-complementary - versatile-

biased TK change - is determined endogenously. This also occurs in, for example, 

Acemoglu (1998, 2002a, b, 2003), Kiley (1999) and Acemoglu and Zilibotti (2001) but 

for skilled and unskilled complementary technologies and motivated by the dominance of 

the market effect over the price effect. 

In the latter works, when there are more (exogenous given) skilled workers, the 

market for skill-complementary technologies is larger and this effect dominates the price 

effect. As a result, the IG firm that produces according to the last obtained patent is able 

to gain higher profits and more effort will be devoted to the innovation of skill-

complementary technologies. However, since Jones (1995a, b), most of the literature 

suggests that the market effect must be removed in endogenous growth models. For this 

reason, the results obtained by Card and DiNardo (2002) (may) are not surprising. They 

suggest that the skill-biased technical change hypothesis present in the above works is 

not very helpful on its own. Ignoring the debate on the subject, we aim at understanding 

the effects of the imitation activity in contexts where market size effects are not crucial -

i.e., in a context where a larger market for TK does not lead to more research. 

Furthermore, unlike Acemoglu and Zilibotti (2001) but in compliance with Bernard 

and Jones (1996a, b), Klenow and Rodriguez-Clare (1997) and Hall and Jones (1999), 

among others, we assume that there are important differences in the available TK across 

countries (generally even in steady state). In fact, Northern firms devote resources to 

innovative R&D to discover higher quality IGs and Southern firms devote resources to 

imitate R&D to adopt state-of-the-art quality Northern IGs. Thus, our framework is based 

on the 'catching up theory', and we have formalised it by combining the relative 

'backwardness hypothesis' introduced by Veblen (1915) and 'imitation capacity'.4 

The latter captures the idea that (Southern) countries may differ in their effort and 

ability to imitate new technologies. The 'imitation capacity' is determined by the South's 

level of development, which can obstruct imitation - e.g., Cohen and Levinthal (1990), 

Evanson and Westphal (1995) and Duffy and Papageorgiou (2000) -, by policy variables 

- e.g., Kang (2002) and Aghion et al. (2000) - , by stock of HC - e.g., Keller (1996), Xu 

(2000), Caselli and Coleman (2001) and Kneller and Stevens (2002) - and by IT - e.g., 

Coe and Helpman (1995), Coe et al. (1997) and Wang and Xu (1999,2000). 

Note that, without IT effects, the R&D undertaken by firms in the North is unaffected by the R&D 
undertaken by firms in the South. 
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After this overview, this section is structured according to the following plan. In 

subsection 2.5.2, we present the general specification for the probabilities of successful 

R&D - innovation and imitation. In subsection 2.5.3, we compute the flows and duration 

of monopoly profits in the particular case considered. In subsection 2.5.4, we describe 

the equilibrium probabilities of successful research and the R&D effort. In subsection 

2.5.5, we conclude the section with the behaviour of the aggregate quality indexes. 

2.5.2. Specification for the probabilities of successful R&D 

The value of the leading-edge patent depends on the profit-yields accruing at each 

period t by the monopolist, and on the duration of the monopoly power. The duration, in 

turn, depends on the probability of a new successful research, which creatively destroys 

the current leading-edge design. The probability of a successful research is, thus, at the 

heart of R&D. We could presume a R&D specification with possible interaction across 

IGs or, at least, between the two types of IGs. In particular, each one could benefit either 

from its own stock of past successful researches, or from a combination of its own stock 

and stock from others. However, to simplify, we consider that, at least in innovation 

activity, the current R&D in an IG benefits only or is state dependent from its own stock 

of past successful research - i.e., it builds upon its predecessors. 

Let Z index the country, and pbz(k,j,t\m) denote the instantaneous probability at 

time t - or a Poisson arrival rate - of successful innovation (Z=I) or imitation (Z=P) -

i.e., Ze {I,P} -,47 in the next higher quality [kz(j,t\m)+l] in IG industry j , which 

complements m-type HC.48 In formal terms: 

pbz(k,j,t\m) = rsz(k,j,t\m)llz(k,j,t\m) lmz(t\m) cpz(k,j,t\m)btpz(k,j,t\m)z, (2.34) 

Where: 

(i) rsz(k,j,t\ m) denotes the flow of total resources devoted to R&D in country Z in 

IG y at time t, measured in units of the domestic composite FG, in order to get a blueprint 

of a new quality of the IG. The assumption that R&D inputs are in terms of composite 

FG run away from the lab-equipment characteristic of our framework - in the 'words' of 

47 By instantaneous probability, we mean that pbz{k,j,t\m)dt is the probability that a certain firm will 
innovate or imitate during the time interval from t to t+dt, where dt is an infinitesimal increment of time. 
Alternatively stated, R&D success bears a Poisson probability distribution with an arrival rate 
pbz(k,j,t\m). In any case, stochastic successful researches are the engine of quality evolution and growth. 

To simplify, we have omitted for now comments related with index m. However, we can still state that 
the role of heterogeneity between existing types of industries is not completely neglected, as suggested, 
especially, in the empirical evidence in the Industrial Organization literature - see Cohen et al. (1987). 
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Rivera-Batiz and Romer (1991), and instead of the knowledge driven, in which labour is 

the only internalised input - and serve to highlight that changes in versatile premium are 

not driven by changes in the level of R&D activity. Alternatively, if, e.g., R&D uses 

more VH, then the versatile premium will increase in a period of high R&D activity, 

similarly to the versatile-biased technology adoption effect emphasised in, e.g., Nelson 

and Phelps (1966), Galor and Tsiddon (1997) and Greenwood and Yorukoglu (1997). 

(ii) llz(k, j , 11 m) = (3Z qh ° ' i | m ) , (3/ > pV > 0, ki > kP, represent learning by R&D in IG 

j at time t, in country Z, as the positive learning effect of accumulated public TK from 

past successful research in the IG49 - e.g., Grossman and Helpman (1991, chap. 12), 

Barro and Sala-i-Martin (1997) and Connolly (1999).50 This term takes into account that 

laggard firms can equally participate in each R&D activity for the next quality 

improvement without having climbed all of the rungs of the quality ladder themselves, 

due to the public accessibility of the TK. Thus, R&D in IG j is (by assumption) 'state 

dependent' on its past successful researches, which makes future learning easier. This 

term is also in compliance with the 'standing on giants' shoulders' effect considered in 

many R&D growth models - e.g., Caballero and Jaffe (1993) and Howitt (1999).51 

The Pz is the positive coefficients on past successful research experience. We 

assume that 0 < pV < p/ since there should be greater learning effects in the North, which 

is the TK leader country, rather than the South. 

For IG j , q z ( J i |m j s the highest quality level attained through innovation or 

imitation. If the country has no innovative experience then q /(7,i |m) = 05 and if the 

country has no imitative experience then q p =0. We assume that each country has 

experience in at least one type of research, and if not llz(j,t\m) -1. Since the particular 

rung of a quality ladder at which IG j is located is indexed by k, without IT effects, 

kj > kp. This is because the Southern imitator firms need only imitate technologies on one 

quality rung (i.e., one level) above the current Southern quality level, since they are only 

selling the imitated IGs domestically and the country is the TK follower. 

Conceptually, it is important to distinguish between this learning effect and the conventional learning-
by-doing. Here, learning is a process of quality improvement through past successful research, which 
justifies the introduction of R&D subsidies - as we will explain below - , while learning-by-doing is 
usually formulated as the decline of production costs induced by the cumulative experience of production. 
50 In particular, Connolly (1999) calls this positive external spillover effects induced by past successful 
research in an IG as learning-to-learn effect. 
51 The 'standing on giants' shoulders' effect postulates that a higher frontier TK - i.e., a higher stock of 
existing designs - increases the probability of successful research since an investment in (intensive) R&D 
creates the opportunity to exploit a TK spillover from the technology frontier to the successful researchers. 
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(iii) lmz{t\m) = mz(.\w) ^z, £z>0, is the adverse effect of market size, capturing 

the idea that the difficulty of introducing new quality-adjusted IGs and replacing old ones 

is proportional to the size of the market measured by the respective HC employed.52 That 
C I 

is, for reasons of simplicity, we reproduce the costs of scale increasing in R&D. 

This is due to coordination among agents, organisational and transportation costs, 

processing of ideas, information and marketing, as reported in works such as Becker and 

Murphy (1992), Quah (1998), Alesina and Spolaore (1997), Dinopoulos and Segerstrom 

(1999a) and Dinopoulos and Thompson (1999). The latter work, in particular, provided 

micro foundations for this effect in a model of growth through variety accumulation. For 

example, Easterly et al. (1994) remove similarly the scale effects by assuming that the 

cost of adoption new TK is proportional to the size of the market (work force). 

Moreover, in its purest form, creative destruction implies that IGs firms support 

R&D costs in order to become leaders and, once they succeed, they sit on the laurels of 

their past accomplishments and do not try to protect their rents. Since this is not easily 

accepted, we assume that leader firms try to protect their rents by extending the expected 

duration of their monopoly power; i.e., by making the probability of the next successful 

research more difficult. As the rents of leader firms are proportional to the market size, to 

keep the analysis tractable, we presume that Im also includes leader firms' strategies 

usually consisting of technical barriers - technical rent protecting activities - , which 

safeguard their economic rents by delaying the next successful research. This is possible 

since firms in the market gain specific TK (leading to a longer loyal customer base). 

Thus, we distinguish successful researches leading to creative destruction - which 

(partially) drive economic growth - from some leader firms' strategies that slow down 

the process of creative destruction - or, in other words, that make the knowledge designs 

embody not immediately, totally and publicly accessible to all potentially next successful 

researchers. Assuming that these rent protecting activities are also included in Im, we 

think that (strong) market leaders acquire some specific TK that, once used, can - at least 

partially and temporarily - insulate them from the threat of leapfrogging by potential 

followers. In summary, the Im term helps us to make the strong assumption of pure 

creative destruction more flexible and is appropriate for our purposes. This is in 

52 Dinopoulos and Segerstrom (1999a) call this the 'permanent-effects-on-growth' specification, since it 
implies a steady state successful research and growth rate that is sensitive to various economic policies. 
53 As already stated, see, for example, Jones (1995b, 1999) and Segerstrom (1998) for a detailed discussion 
of scale effects and different ways to avoid them. 
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accordance with, for example, Dinopoulos and Syropoulos (2001,°2004) and Sener 

(2003), in which the scale effects are removed by assuming rent protecting activities. 

Indeed, Levin et al (1987), Eisenhardt and Brown (1998) and Cohen et al. (2003) 

identify and supply survey-based evidence on the extent of these activities. Such 

strategies include trade secrecy,54 camouflaging their successful researches through the 

technological complexity of their goods,55 time-pacing strategies,56 patent blocking,57 and 

employment of legal teams to litigate potential patent infringements, always with the aim 

of limiting the flow of TK spillovers to potential new leader firms. 

We also admit that our framework is, to a certain extent, related with several recent 

works, like Jovanovic and Rob (1990), Stein (1997) and Canton and Uhling (1999). The 

former work formalises the distinction between extensive research, directed at major 

breakthroughs, and intensive research, aimed at refining such fundamental 

breakthroughs. Each product generation starts with a quality breakthrough and is then 

followed by a single improvement. In Stein (1997), firms compete on product quality and 

on distribution cost. Successful researches (in product quality) spill over to new firms, 

while distribution costs are taken to be firm specific. Canton and Uhling (1997) 

distinguish fundamental successful research leading to creative destruction from 

marginal successful research that decreases the creative destruction. 

The parameter £ measures the effectiveness of all items - general costs and rent 

protecting activities - related with increasing the difficulty of conducting R&D owing to 

the increase of the market size. Thus, for a given level of m{.\w), lower values of £, can 

be associated with a lower level of R&D difficulty. In fact, we have that the benefits of 

scale are over, total or partially counterbalanced by all associated items, when t, > 1, 

£ = 7, or 0 < £ < 1, respectively. Since there is no strong reason to believe that the set of 

all items is different from country to country and bearing in mind our purposes, we 

assume that £ is the same in all. Moreover, to simplify, we have not considered some 

54 For example, Coca-Cola maintains the secrecy of its formula. 
55 Microsoft has been adding some features to its Windows operating system making it more complex and 
more difficult to understand. Intel has been producing increasingly smaller, more sophisticated 
microprocessors, thus making them more resistant to reverse engineering. 
56 I.e., strategies aimed at expanding manufacturing capacity at regular intervals independently of the pace 
of new high-quality discoveries. Eisenhardt and Brown (1998) state that this is the case of Intel, Cisco 
Systems, Emerson Electric, Gillette, Netscape, SAP, Sony, Starbucks and 3M. 
57 I.e., strategies aimed at building a fence around a major result from research by patenting several related 
secondary inventions without necessarily introducing them into the market, to discourage the 
circumvention of existing patents by potential follower firms and deter competing successful research from 
entering the market - e.g., Cohen et al. (2003). 
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possible differences in the nature of the distinct items, and that £/ = ^ = 1 in order to be 

able to rule out scale effects. Actually, this is essential in understanding the effects 

resulting from international TK diffusion in contexts without market size effects. 

Hence, our framework differs from earlier models of Schumpeterian growth in 

which, when in the presence of HC accumulation (or population growth), the rates of 

successful research and long run growth increase exponentially, as does the scale 

measured by the size of its HC (or of its population) employed - e.g., Segerstrom et al. 

(1990), Grossman and Helpman (1991b, c) and Aghion and Howitt (1992).58 

Apart from the endogenous growth debate on the subject, remember that the scale 

effects property embodied in equation (2.34), when Im is not considered, is inconsistent 

with, for example, the post-war time series evidence present in Jones (1995a) and the 

recent U.S. manufacturing industry data (1969-1988) found in Zachariadis (2003). 

(iv) cPz(k, j,11m) = Cz qkzU'"m)("//0°,0<a<l, Cj > CP >0, k>kP, is the adverse 

effect - cost of complexity - caused by the increasing complexity of the IG upon which 

firms in industry j at time t are attempting to obtain the next patent in country Z. That is, 

as quality-adjusted IGs become more complex with each step up the quality ladder, 

research is progressively more difficult, implying a lower probability of success, all else 

being equal. Therefore, every time successful research occurs in an IG, the (next) 

instantaneous probabilities of R&D success decrease for any given levels of R&D effort 

or, in other words, the cost of R&D increases. We find this effect in a significant number 

of search models of R&D-based economic growth - e.g., Jovanovic and Rob (1990), 

Barro and Sala-i-Martin (2004, chap. 7) and Kortum (1997). We can also consider that 

this effect is a result of 'fishing for ideas' which implies that catching fish - i.e., having a 

new idea - becomes less likely when a large number of fish have already been caught; 

i.e., diminishing TK opportunities - e.g., Evenson (1984) and Kortum (1993). 

This term further includes a country-firm specific fixed cost of research, C,z-

Following a common position found in the literature, we assume that, in each IG, the 

fixed cost of innovation is higher that the cost of imitation, Çt >ÇP>0, as new ideas 

gradually decrease and/or are progressively more complex to implement, in line with 

Mansfield et al. (1981) and Teece (1977), among others. 

Similar considerations apply to Romer (1990b) type growth models based on variety expansion. 
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The product resulting from the specifications for llz(k,j,t\m) and cpz(k,j,t\m) 

corresponds to one extension of the specification (p{KJ) proposed in the probability of 

success by Barro and Sala-i-Martin (2004, chap. 7) and Boucekkine at al. (2002), among 

many others. In fact, we add coefficient p in llz, which, in our case, as well as coefficient 

Ç, possess different values according to the country that they report.59 Moreover, in Barro 

and Sala-i-Martin (2004, chap. 7), the specification for 0(K;) is necessary for a constant 

growth rate of the economy over time and, in our framework, both the llz and cpz terms 

seek to achieve the same objective, as will become apparent latter. 

(v) btpP(kJj\m) = exp[PEUj\m) + IT(jj\m)]{g1[m\w)]f1{g2[Qjm(t),d]}a^jm'1), 

with õ; > 0, o2(Qjm, t) = - c 2 + Qjm(t) and 0 < Qjm(t) < 1 is a catching up term, specific 

to the imitator, that sums up positive effects of 'imitation capacity' and 'backwardness 

hypothesis' on the instantaneous probabilities of R&D success of imitation.60 It implies 

that the complexity effect can be strongly diminished in the imitator country. Parameter 

Tz in equation (2.34) takes on the following values: Tj = 0 and I> = 1. 

The exponential of the catching up term captures two important determinants of 

imitation capacity, domestic policies promoting R&D - index number PE - and openness 

to IT and other IT policies - index number IT. From now on, we consider the simplifying 

assumption that the PE and IT terms in the catching up term are not specific to each IG. 

More specifically, index PE includes the correction of distortion of the foreign exchange 

markets and the financial development index - e.g., Kang (2002) - and the creation and 

stimulation of national R&D organisations and other public goods like physical and 

institutional infrastructures - e.g., Aghion et al. (2000, 2001 ).61 And index IT can be 

instrumented by the following constant elasticity specification:62 

77/(0 = Af (i)"7 FTFPit)^ EX(tj*, where: (2.35) 

- M denotes the imports of machinery and transport equipment per HC. It embodies 

innovations that are not available in local economy, and from which local researchers 

59 Our procedure enables us to highlight the differences between North-South R&D, which, in our model, 
is crucial. In addition, we can distinguish between learning by past R&D and learning-by-doing. 
60 Note that if we presume that it does not make much sense to think of international TK imitation without 
the vehicle IT - i.e., in autarky - and/or another vehicle - i.e., FDI and/or international mobility of 
production factors - , then in equation (2.34) bptP = bpti = 1. Furthermore, pbP would be impossible since 
p/> < P/ and C,p < Ç/ only make sense if we consider that imitation is possible. 
61 The btp term is specific to R&D imitation - remember that it takes the value 1 for R&D innovation. 
Thus, we consider, in particular, that there are no distortions in the innovator country neither at a political 
level nor at IT level - so it stops having positive political effect as well as positive IT effects. 
62 Note that the influence of IT on the probability of successful imitation only becomes effective under IT. 
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may gain insights. The importance of this term has been stressed by a great number of 

studies - e.g., DeLong and Summers (1993), Coe and Helpman (1995), Coe et al. (1997), 

Connolly (2003) and Wang and Xu (1999, 2000). 

- FTFP is the foreign total factor productivity. It represents a qualification on the 

transmission of TK spillover effects from the major trade partners. Thus, for given levels 

of imports by a country, the effect on pb increases with the R&D contents of those 

imports, as argued by Coe et al. (1997). In short, total factor productivity (TFP) of the 

developed trade partners of each country is taken as a proxy to such R&D contents. 

- EX represents the level of exports per HC. It is a measure of international openness and 

other IT policies namely international integration - e.g., Grossman and Helpman (1991a, 

chap. 11) - and so of exposure to international competition, to new international ideas 

and to new methods of production. It serves as a proxy of communication among agents 

in different countries: the higher its value, the greater the number of personal contacts 

and, thereby, the exchange of information between domestic and foreign individuals. 

Moreover, exports contribute to financing imports. Its importance for growth has been 

emphasised by Feder (1983), the World Bank (1987), Levine and Renelt (1992) and 

Clerides et al. (1998), among many others. 

Function g}[m(t | w)] represented in figure 2.2 below is formally given by: 

gl[m(t\w)] = l+ FL 'J n (2.36) 

l + exp[m(t\w)] 

Where m(t \ w) = mP(t \ w)lmlit \ w) is the imitator's relative level of employed m-

type HC or, in other words, the gap in m-type HC at work. That is, we assume that HC 
enhances the imitation capacity and so speeds up convergence with the innovator country 

- in line with Nelson and Phelps (1966) and, more recently, with Benhabib and Spiegel 

(1994), Aghion et al. (2000) and Kneller and Stevens (2002), among others. 

Parameter õ ; in the catching up term can be interpreted as a 'semi-elasticity' of the 

probability of successful imitation with respect to the HC gap, fh(.\w). It indicates how 

quickly the probability of successful imitation rises as the HC gap narrows - see figure 

2.2. It must be greater than 0 but we contend that it is not much greater than 0 in order to 

guarantee an adequate impact on the probability of successful imitation. 

63 The direction of causality between economic growth and IT, which we omit here, has been of concern in 
a number of empirical studies on the subject. We quote the work of Frankel and Romer (1999), which 
suggests that simultaneity, when present, enhances the positive relationship. 
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Figure 2.2. Human capital gap function in the catching up term 
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Function g2[Qjm(t),d] - similar to Papageorgiou (2002), in a model of growth 

through horizontal accumulation of IGs - basically attempts to capture the benefits from 

relative backwardness, written formally as: 

g2[QJ (t),d] = 
0 ,if 0<QJ\t) <d 

-Qjm(t)2 + (l + d)Qja(t)-d ,if d<Qjm{t) <1 
(2.37) 

,, .,,_. t / ,n ,: P w =VP {t>IJ =1 = d(t\m) is the relative TK level of 
,m ,m k,(av,t\m) ^ v ' ' 

fi, (0 Q,(t)/Jm q 

the imitator's m-specific IGs;64 provided that the gap is big - i.e., if q(t\m) is above 

threshold d - then the country can benefit from an advantage of backwardness, as in 

Barro and Sala-i-Martin (1997). When the gap is wider so that q(t \m ) is below threshold 

d, backwardness is no longer an advantage. In this case, the Southern country, which we 

call stagnant, shows no potential for rapid growth - e.g., African countries. Nevertheless, 

equation (2.37) guarantees that g2{.) is non-negative and so economically feasible. 

Thus, we do not consider the relative backwardness hypothesis in original mode, 

which states that the rate of TK progress in a relatively backward country is an increasing 

function of the gap between its own level of TK and that of the more advanced country. 

Our specification favours an initial quadratic (hump-shaped) imitation function - g2{-), 

afterwards transformed by its exponent - and also depends on the TK gap threshold, 

64 I.e., we assume that the probability of successful imitation in IG j is state dependent from all past 
successful research in all IGs of its type in both countries, contrarily to the probability of successful 
innovation in IG j , which is only state dependent on its own stock of past successful research. 
Alternatively, we can assume that the TK gap between countries is equal in all IGs, Js and JVH, and the 
imitator country gains in all j industries with relative backwardness or we can admit the representative 
domestic IG industry defined as an average of all domestic industries of its type, av. 
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d € (O,1), which dictates whether a follower country can imitate or not, as illustrated in 

figure 2.3 below. The option for this function is motivated by the notion of contiguous 

knowledge, which asserts that TK is only diffused up to a certain point, and thereby the 

larger the initial TK gap is, the higher the catching up, does not apply unconditionally. 

Because of this property, a Southern country can imitate existing TK and grow rapidly 

only when it is sufficiently close to the TK frontier. Hence, the interactive process 

between imitation capacity and TK gap starts only if an adequate minimum development 

base is initially present, there being then limits to the advantages of backwardness. 

The exponent of function g2(.), o2(Qjm,t) = -c2 + Qjm(t), can be interpreted as a 

(variable) elasticity of the probability of successful imitation with respect to g2{-)- Given 

the small positive value of function g2(-), <1, o"2(.) must be negative to guarantee that 

the TK progress in the imitator country benefits from the relative backwardness of the 

country. This expected value of a2(.) is obtained because of - a 2 and, thereby, it affects 

how quickly the probability of successful imitation falls as the TK gap narrows.65 

According to figure 2.3b, for wide TK gaps, backwardness does not represent any 

benefit. However, after point d, the probability of successful imitation increases and 

afterwards declines, reflecting the benefits of backwardness on imitation. When the TK 

gap between countries reaches point max, the impact on the probability of successful 

imitation as a result of g2(.) is completely absorbed, and after this point it is 'negative' -

mirroring the gradual saturation of imitation opportunities. Even so, since the country 

now has a TK greater than d, it can imitate if its imitation capacity - which tends to be 

improved - counterbalances the loss of benefit associated with backwardness. 

Therefore, our framework is in line with Cohen and Levinthal (1990) and 

Verspagen (1994), among others. The former shows that a model of conditional catching 

up fits empirical data better than a model where the wider the initial TK gap the higher 

the catching up potential. The latter suggests that for a lagging country to be able to 

absorb TK from the leader, it must have accumulated sufficient prior TK. Our framework 

is also able to explain club convergence members - e.g., Baumol (1986) and Quah 

(1997); i.e., the fact that convergence is restricted to a subgroup of countries, those which 

1 In fact, if (i) o 2 ( - )<0 the impact on pbP owing to g2{.) is strong; i.e., {g2(.)}°2()> i , (ii) being 
completely absorbed if o2(.) = 0; i.e., {g2(.)}°2() = 1, which holds when 0 = -a2+Qjm, (iii) and if 
c2( .)> Ois 'negative'; i.e., {g2(.)}°2()< 1-
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are able and willing to invest in innovation and imitation, whereas other southern 

countries will remain on the sidewalk - at least in the absence of some aid (big-push). 

Figure 2.3. Technological knowledge imitation function 

a) Quadratic original function b) Transformed function by its exponential 

To sum up, in btpP(k,j,t\m), the backwardness hypothesis is specifically 

captured by the ratio Qjm , and the imitation capacity by terms PE, IT, m (.\w) and d.66 

Finally, still on the topic of the catching up term, we draw attention to the fact that 

initially we have considered the two alternative specifications - see Appendix 2, section 

A2.1. However, we drop them due to the results obtained in the transitional dynamics -

in the next chapters - namely in terms of speed of convergence, which is very slow. 

Bearing in mind terms (i)-(v), equation (2.34) can be re-written as follows: 

pbz(k,j,t\m) = 

(2.38) 
k7(j,t\m) a-1 

= rsz(k,j,t\m) /3Z Ç-' [exp(PE+IT)g,(.r-g2(.yu]rz mz(t\Wy' q 

Considering that <E>Z = /3Z Ç'1 [exp(PE+iT) g;(.)°'g2(.)°2()]rz , which can be called the 

experience-adjusted probability of successful research, figure 2.4 below provides and 

clarifies its importance - where pVÇ/ = $plt,p, in order to keep the depiction simpler. 

With regard to the relation between <E>/> and <&/, we have that 0/>-<I>/ > 0. Moreover, the 

positive effect induced by backwardness and captured by {g2(-)}a2() cannot be 

completely exhausted - i.e., it cannot be equal to 1 and after that less than 1 - when the 

TK gap between countries reaches point max. It can be expanded by the imitation 

capacity - see points max and max* for two different impacts of the gap in HC at work. 
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It can be further expanded by PE and IT. Thus, for the same relative level of m-type 

HC employed and relative TK level of the South's m-type IGs, 0/>-0/ under IT is 

greater since the imitation capacity is better due to term IT; i.e., owing to openness to IT 

and other IT policies. Bearing in mind the relation between Op and O/, we can already 

argue that the convergence between countries in our case is driven by TK spillovers, 

whereas in the neoclassical model, it is entirely driven by diminishing returns to capital. 

Figure 2.4. Terms <ï>z in the probability of success 
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Following Barro and Sala-i-Martin (2004, chap. 7), in the next subsections, we 

compute the flows and duration of monopoly profits, the equilibrium probability of 

successful research and the behaviour of the aggregate quality indexes. 

2.5.3. Explicit flow and duration of the monopoly profit 

We will now proceed with the presentation of the leader firms' flow of profit at 

each time. Concurrently, we compare the incremental profits of follower firms taking 

over the leader position, AITz(k,j,t\m) = ITz{k,j ,t\m), with the incremental profits of 

leader firms replacing themselves, AI7z(k,j,t\m). Taking into account equations 

(2.10), (2.11b) and (2.26a, b), we have .68 

66 Thus, even if Southern countries have the same initial TK level (> d), some can grow faster than others. 
67 Note that since the leader firm will now be selling a product twice as productive as its nearest 
competitor, it will be able to use a price slightly below q2MC. However, it will also lose its profits from its 
previous successful research, which was priced slightly below qMC. 
68 I.e., the amount of profits at time t for a j IG monopolist using a successful research of quality k depends 
on the mark-up, after subsidies MC, and - without IT effects - the domestic demand for IG j by the FG 
producers. Formally, this occurs by solving the following expression: 

AI7z(k,j,t \m) P-(lsx) X(j,t\m)-
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AI7z(k,j,t\m) - mmz(t\w) (l-sx)(q-l) pmAz(l-a) a kz(j,t\m) 
1 

1-a 
(2.39a) 

AI7z(k,j,t\m) = mmz(t\w) (l-sx)(q-l) pmAz(l-a) a kz(j,t\m) 
1-a 

(q + l)q-""- q m (2.39b) 

Equations (2.39a, b) give us the incremental profits of follower firms taking over 

the leader position and the incremental profits of leader firms replacing themselves, 

respectively. 

Next, if we compare equations (2.39a, b), we easily conclude that the gain to a 

follower firm is greater so long as q1/a > 1, which is guaranteed by the assumption that 

q > 1 and 0 < a < 1. In other words, leader firms undertake no research targeted at 

improving the quality of their own IGs because the incremental gain of a two-step quality 

advantage to an incumbent is strictly smaller than the gain of a one-step quality 

advantage to an external successful researcher. Note that the follower firm goes from 

having no profits to having profits when it takes over the leader position. This is usually 

called the 'replacement or Arrow effect' - e.g., Aghion and Howitt (1998a, chap. 2).69 

Note that comparing net output, Y(m)-X(m) or Y-X, and aggregate profits 

resulting from equation (2.39a), IJz(m) or IJZ, we can attest that that net output is 

greater than the respective aggregate profits. This reflects an 'appropriability effect' -

i.e., the monopolist IGs producers only capture a fraction of the greater productivity in 

the FGs sector or of the consumer surplus created by their production and productivity.70 

Moreover, we remember that, due to technological complementarity in the production 

69 Arrow (1962) was the first to establish that as long as an incumbent monopolist faces the same 
probability as a challenger of discovering a new process or product innovation, the former's reward to 
engaging in R&D investment is lower than the latter's due to the replacement effect. 
70 This imperfection suggests that the decentralised equilibrium is not Pareto optimal. In fact, in addition to 
the IGs production subsidy, a R&D subsidy is in order. The latter is essential since IGs firms, which 
support R&D costs, are concerned with stealing the incumbent's profits - which is the creative part of 
creative destruction or the carrot, citing Jones and Williams (2000), but they ignore the spillover on the 
future R&D of the successful research supported. Actually, each successful research makes the next ones 
easier - see the llz term in equation (2.34) - and this 'imperfection' tends to increase the socially optimal 
intensity of R&D above the decentralised level. Moreover, as we will see below, supporter IGs firms 
discount profits at a rate higher than the interest rate, since they consider the probability of losing the 
monopoly - which is the destructive part of creative destruction or the stick, as Jones and Williams say. 
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function (2.1), the size of the market for w-specific IGs is the employed m-type HC. 

Thus, the scale effect - m(. 11) - is apparent in the size of the profits in equation (2.39a). 

The most relevant factor for the monopolists is not instantaneous profits, but the 

net present discounted value of all profits. The profit in equation (2.39a) takes place from 

the time of the k quality improvement, tk, until the time of the next improvement explored 

by some follower firm, tk+dt=tk+i. Therefore, the interval over which the IG producer of 

the k successful research is in the forefront (or the duration of monopoly position) is 

dt=Tk = tk+i-th Given the equilibrium interest rate, then the expected present value of 

profits earned by the successful researcher, which sells a state-of-the-art quality k of the 

IG j , in country Z, complementary to m-type HC at time t, Vz(k, ; ' ,i |m),71 can be 

explicitly written as - where E is used to represents expected value: 

Vz(k, j,t\m)=E<I7z(k, j,t\m) — J-J— 
[ r(t) 

As a result of equation (2.40), the expected present value of profits (market, stock 

or shareholder value of the patent) depends positively on Tk(j,t\m) and I7z(k, j,t\m). 

Since we know the latter, we need to determine the former to obtain Vz(k, j,t\m). For 

this reason, let PB(x) denote the cumulative probability density function for Tk(jjimy, i.e., 

the probability that Tk(j,t\m)^x. Hence, the change in PB{x) with respect to x represents 

the probability per unit of time that success occurs at x. For successful research to happen 

at x, first it must not have occurred earlier, a result that has probability [l-PB(x)]. Next, 

depending on the condition that a discovery has not yet taken place, the probability of 

one occurring is pbz(k, j,t\m) per unit of time. Thus, the derivative of PB{x) is: 

pbz(k,j,t\m). (2.41) 

We assume that over time between each successful researches in IG j , the research 

effort, rsz(k, j,t\m), grows at the same rate as mz(t\w) and, thereby, the probability of 

successful research, pbz(k,j,t\m), does not vary, a situation occurring in equilibrium. 

Thus, pbz(k,j,t\m) is constant over the interval Tk(j,t\m) and we can readily solve the 

differential equation (2.41).72 Using the boundary condition PB{0)=0 the result is: 

In other words, V is the market value of the patent or the value of the monopolist firm owned by 
domestic consumers or individuals. 
72 See, for example, Gandolfo (1997, chap. 12) for the resolution of this differential equation. 

(2.40) 

dPB{x) 
dx 

l-PB(x) 
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PB(x) = l-exp pbz(k,j,t\m)x (2.42) 

From equation (2.42), we can calculate the probability density function from 

differentiation of the cumulative density; that is, nearly 

, . . dPB(x) . , , . . > 
b(x) =— = pbz{k,j,t\m) exp 

dx 

-pbz(k,j,t\m)x (2.43) 

Therefore, the probability that the 'event' will occur sometime within the short 

interval between x and x+dt is nearly {pbz(k,j,t\m)exp[-pbz(k,j,t\m)x]dt}. In 

particular, the probability that it will occur within dt from now (when x - 0) is nearly 

{pbz(k,j,t\m) dt}. It is in this sense that pbz(k,j,t\m) represents the probability per 

unit of time that the 'event' will occur at this point or the flow probability of the 'event'. 

Now, considering equations (2.40) and (2.43), Vz(k, j,t\m) computed at time t is: 

Vz(k,j\m) = nz(kJlm)
Pbz(k,j\m) f 

r Jo 
l—exp(-rx) exp -pbz(k,j\m)x dr. (2.44) 

The integral in equation (2.44) can be evaluated to get: 73 

Vz(k,j,t\m) ITz(k,j,t\m) 
(2.45) r(t)+pbz(k,j,t\m) 

The denominator of equation (2.45) could be defined as the effective discount rate 

at the time of the successful research of rung k. It is equal to the interest rate, r{t), plus 

the rate of 'creative destruction' - i.e., the 'flow probability' of being displaced by a new 

successful research or the probability of successful research occurring in the IG, 

pbz(k,j,t\m). The more research is expected to take place, the shorter the duration of 

the monopoly profits that will be enjoyed by the creator or imitator of the next successful 

research and, hence, the smaller the pay-off to innovating or imitating. In the end, if we 

substitute nz(k, j,t\m) in equation (2.45) from equations (2.39a), then we can write: 

73 Alternatively, we could get equation (2.45) directly from a standard dynamic programming equation -
e.g., Aghion and Howitt (1998a, chap. 2) and Acemoglu (2003) - [or even from more general dynamic 
programming equations - e.g., Thompson and Waldo (1994)], which states that positing that the leader will 
be displaced by an outsider in the next race, the value of Vz(k,j,t\m) is determined by the asset equation: 
r(t) Vz(k,j,t\m) = I7z(k,j,t\m)- pbz(k,j,t\m) Vz(k,j,t\m). That is, the expected income generated by 
the successful research on rung &* during a unit time interval, r{t) Vz(k,j,t\m), is equal to the profit flow, 
nz(k,j,t\m), being paid out continuously as dividend, minus the expected 'capital loss' that will occur 
when the /c* successful research is replaced (driving the leader's profit to zero) by a new one. 
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mmz(t\w) (l-sx)(q-l) 
Vz(k,j,t\m) = 

pmAz(l-a) 
qU-sx) 

a kzU.'\m) 
1 

1-a 

(2.46) 

r(t) + pbz(k,j,t\m) 

Equation (2.46) shows the explicit expected reward from accomplishing the k 

successful research, which depends positively on the 'market size effect', mz(. \t), on the 

productivity parameter, Az, on the FG price index, pm, and on the mark-up over after 

subsidy MC. Conversely, it depends negatively on both the interest rate, r, and the 

randomness of the time of success of the (k+l)th research, pbz(k,j, t\m). 

2.5.4. Equilibrium probability of successful R&D and of the R&D effort 

Now, in addition to determining the equilibrium probability of successful research 

and of the R&D effort, we seek to better understand the direction of TK progress. We 

start by observing how the value of the incumbent firm, Vz(k, j,t\m), determines the 

R&D effort, rsz(k, j , t\m), and so the probability of successful research, pbz(k, j , t\m). 

The potential IG producer which supports R&D costs is only concerned with the 

expected value shown in equation (2.46) and not with the randomness of the return. This 

assumption can be satisfactory even if individuals are risk averse since each R&D 

activity is small, research outcomes in the different IGs are by assumption uncorrelated 

and the risks in all industries are idiosyncratic. Thus, shareholders can earn a risk-less 

return by holding a well-diversified portfolio of shares of firms in the continuum of IGs, 

whereby the portfolio rate of return equals the expected industry specific rates of return. 

At each time t, the after subsidy cost of research is [l-sr]rsz(k, j,t\m), and this 

effort results in the probability of successful research pbz(k, j,t\ m). Hence, the expected 

reward for pursuing the (k+l)tb successful research is pbz(k,j,t\m)Vz(k+l,j,t\m). 

Therefore, the expected present discounted flow of net profit, ITZ (k, j , t\m), from 

research in an IGj that is currently at quality k is: 

Tlz(k,j,t\m) = pbz(kJ,t\m) Vz(k+1, j,t\m)-[l-sr] rsz(k,j,t\m). (2.47) 

As we assume free entry into the research business, new entrants will drive down 

the net present value of profits by undertaking R&D. When present value of net profits is 

less than zero, there would be no R&D occurring in equilibrium - i.e., no rational agent 

invests in R&D. In equilibrium with the R&D activity carried out, the net value of a firm 
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cannot exceed the after subsidy cost of research, and so its expected present value of net 

profits equals zero. Thus, if rsz (k,j,t\m)>0, Tlz(k,j,t\m)=0 must hold.74 

Taking into account equation (2.38) and (2.46), the term rsz(k, j,t\m) cancels out 

in equation (2.47) and the free entry condition can be written, for each time t, as: 

pbz(k+l,j\m) =pbz(.\m) = 

>z ÏZ 

r
z 
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(2.48) 

Equation (2.48) determines the equilibrium probabilities of successful research 

(innovation and imitation), and specifically without IT effects - given the interest rate 

and the FGs' price indexes. Thus, both innovation and imitation equilibrium rates are 

endogenously determined based on expected discounted profit maximization. They 

respond negatively to the interest rate - the higher the interest rate those firms have to 

pay to finance R&D expenditures, the lower the equilibrium probability. They are 

encouraged both by an increase in the exogenous given ad-valorem subsidy rates of 

R&D, sr, and of IGs production, sx. They also respond positively to the experience-

adjusted probability of innovation, <E>/, or imitation, Op, depending on the country, to the 

exogenous productivity variable, A, and to the FGs' price indexes, pm. 

Accordingly, there is a (dynamic) price effect, which indicates that there will be 

stronger incentives to develop technologies when the goods produced by these 

technologies command higher prices, once with \ = 1 the market size influence become 

negligible,75 as is apparent in equation (2.48). In fact, the adverse effect of market size as 

a result of the scale proportional difficulty of introducing new quality IGs in equation 

(2.34), is designed to offset the scale effects on profits in equation (2.39a). 

A more detailed analysis of the equilibrium m-specific probability of successful 

research, tells us that, computing pbz(VH)-pbz(SH), the incentive to improve different 

types of technology is affected by the FGs' price indexes. In other words, the direction 

taken by TK change is determined by the price channel; i.e., depends on the relative price 

74 Thus, the net profits of the expected successful research coincide with its after subsidy cost or still the 
net value of a firm (the value of a blueprint or the expected marginal benefit of vertical R&D) equals the 
after subsidy cost of R&D if there are no barriers to entry in the R&D process and so n z (k, j , t \ m ) = 0 ■ If 
there are entry barriers in R&D, Ylz(k,j,t\m)>0- The higher the barriers, the larger n z (k , j,11m). 
75 We use the word 'negligible' since the HC has indirect influence on R&D. As a matter of fact, in both 
countries, the stock of HC (and, consequently, also HC accumulation) influences price indexes - e.g., 
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of the versatile-specific FGs since TK used in production of more expensive goods will 

be upgraded faster because it is more profitable to improve those technologies. So, e.g., 

an increase in relative price of versatile FGs expands the versatile-specialised TK bias. 

Since FGs using the scarce factor command higher price - e.g., equations (2.21), 

(2.22) and (2.25a, b) - , the price channel implies that there is more successful research 

directed at the scarce factor. It is similar to the impact of factor prices on TK change 

emphasised by the 'induced innovation literature', where the increase in the relative price 

of a factor induces TK progress that saves the factor. It includes theoretical works - e.g., 

Kennedy (1964) and Samuelson (1965) - , empirical studies - e.g., Schmookler (1966) 

and Hayami and Ruttan (1970) - , and historical works - e.g., Habakkuk (1962) and 

David (1975).77 Hayami and Ruttan (1970), for example, discuss the different paths of 

agricultural development in the U.S. and Japan. They conclude that the relative scarcity 

of land in Japan appears to have induced a faster rate of successful researches increasing 

output per acre. Habakkuk (1962) observes that the more rapid TK change in the U.S. 

during the nineteenth century face to British economy resulted from the relative labour 

scarcity in the U.S., which encouraged firms to develop labour-saving technologies. 

Equilibrium m-specific probabilities of successful research in equation (2.48) turn 

out to be independent of IG j and quality rung k. There are two reasons behind this 

independence. One, specific to the equilibrium probability of successful imitation, is due 

to the simplifying assumption that the determinants of imitation capacity, PE and IT in 

the catching up term in equation (2.34)-(v), are not specific to each IG. The other and 

most substantial reason is due to the removal of scale of TK effects; that is, the positive 

influence of the quality rung on profits - see equation (2.49a) - and on the learning effect 

is exactly offset by its influence on the complexity cost - see equation (2.34)-(ii, iv).78 

Thus, the probability of successful research varies with k owing to two offsetting 

effects. If the positive influence of the quality rung on profit effect dominates, the rate of 

equations (2.21), (2.22) and (2.25a, b) - and likewise R&D and the growth rate of the economy. 
Additionally, in the South, the gap in HC at work also influences the imitation capacity. 
76 This result is different from the (skill-biased technological change) literature, which does not take into 
consideration the endogenous accumulation of HC and which does not remove the scale effects. In this 
literature, the direction of the TK progress is related with the exogenous increase in the supply of skills, 
which induces faster upgrading of skill-complementary technologies, since under substitutability (and 
complementarity between types of IGs and types of workers), the market size effect dominates the price 
channel - e.g., Acemoglu (1998, 2002a, b, 2003). This literature is, however, at least implicitly, against the 
Jones' critique and the post-Jones' critique literature. 
77 Since Hicks (1932) considers induced inventions as the result of a change in the relative prices of the 
factors, the 'induced innovation literature' in the 1960s attempted to formalise Hicks (1932)' idea. 
78 This is the technical reason for the presence of the production function parameter a in equation (2.34). 
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return to R&D is higher the more advanced an industry. Hence, more advanced industries 

grow faster than less advanced ones, and the growth rate of the economy rises over time 

as the average value of k increases - i.e., R&D features a form of increasing returns - , 

and this property creates a pattern of divergence for growth rates. In contrast, when the 

negative influence of the quality rung on pb dominates, more advanced industries grow 

relatively slowly, and the growth rate of the economy falls over time - i.e., R&D exhibits 

a form of decreasing returns. When the two forces exactly offset - as is apparent in 

equation (2.48) - all industries of each m-type grow at the same rate and the growth rate 

of the economy is constant over time - i.e., R&D exhibits constant returns. 

The first term on the right-hand side of equation (2.48) represents the rate of return 

from research or the expected flow of profit per unit of research effort. The key, 

however, is that a successful researcher maintains this return only until the time of the 

next innovation. The rate of return must therefore cover the ordinary rate of return, r, 

plus the premium for the probability per unit of time that a competitor will succeed, pb, 

and thereby drive the incumbent out of business. So, if r is constant over time, then pb is 

also constant, as well as for all IGs of each m-type. 

Now, we can obtain the equilibrium amount of resources devoted to R&D in IG j , 

which uses m-type technology. Thus, first re-writing equation (2.38) as: 

pbz(k,j,t\m) 
(2.49) rsz(k,j,t\m) = 

llz(k,j,t\m) lmz{t\m) cpz(k,j,t\m) btpP(k,j,t\m) z 

and, after that, using the expressions for the terms on the right-hand side of (2.49) from 

equation (2.34) for the denominator and from equation (2.48) for the numerator, then: 

rsz(k,j,t\m)= q 
kzU>t\m) 

l-a 

mz(t\w) 

1-s xZ 

t-Srz 
(qzl) 
y 1 J 

pmAz(l-a) 
1-s, m il. 

Pz exp(PE+IT) g,Q°'g2(.) o2(.) 

(2.50) 

As expected, equation (2.50) states that the more advanced and with a large market; 

i.e., with higher k and m, invest a larger quantity of resources. However, the equilibrium 

probability of successful research is independent of k and m - see equation (2.48) - since 

more effort is required in IGs that are more advanced and have large market to generate 
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the same probability. Furthermore, from equation (2.50), we verify that the explicit 

aggregate of R&D spending in each type of IGs, denoted by RSZ (k, t \ m), is given by: 

rsz(k,j,t\m) dj = g / mz(t\w) 

!-sxz 

J-srZ. m 1-a ' 
J~SXZ_ 

l/a ( \ 
nm A 
PzAz 

V J 

lia 
= Cz 
m — exp(PE+IT) gl(.f'g2(.r

2i) 

(2.51) 

The equilibrium aggregate resources devoted to R&D by all follower firms in a 

country are RSz(k,t) =RSz(k,t\SH) + RSz(k,t\VH ) . Consequently, as a result of 

equations (2.51) and (2.48), we can write for each time P. 

RSz(k,t)=Ql (t)SHz(t\w) ■ 

+ QJ
z
m{t)VHz{t\w) 

Ï2 
Pz 

Cz 

-ir. 

exp(PE+IT) gj(.f'g2Q'5A-) _ 
pbz(SH) + 

pbz(VH) 

(2.52) 

VzlexpiPE+IT) gl(.f> g2Q
a>U _ 

Equation (2.52) states that the aggregate resources devoted to R&D in each country 

depend positively on both market profitability - i.e., market size effect in RS, captured by 

SHz(.\w) and VHz(.\w) -, and the aggregate domestic quality indexes, Q]
Z

SH and QÇ*. 

Conversely, they depend negatively on both the interest rate, r, and on the so named 

experience-adjusted cost of innovation or imitation, depending on the country analysed. 

Finally, remember that, also as a result of equation (2.51) and, consequently, 

equation (2.52) together with equation (2.48), the increased resources devoted to 

research as the aggregate quality index and/or the HC employed rise/rises, do/does not 

lead to greater rates of successful research, but rather are needed to offset the greater 

difficulty of research as the quality and/or the levels of HC employed increase. 

2.5.5. Behaviour of the aggregate quality indexes 

In equilibrium, given the interest rate, the HCs and the FGs' price indexes, the 

probability of successful research in a single IG industry is pbz, as given by equation 

(2.48) and applies to all IGs of its m-type. That is, pbz - as a Poisson arrival rate -

determines the speed of TK in a single IG, then since in equilibrium it applies to all 

industries of its m-type, it can be translated into the path of domestic m-type of TK. 
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Formally, it follows directly from Poisson distribution that the measure of IGs that 

are improved exactly F times at time t is {[pbz(m) t]F exp[-pbz(m) t]}IF\. Hence, we can 

expand the two aggregate domestic quality indexes in equation (2.7) such that, 

Qz (0 = I <i 
l-a 

a dJ = T 
pbz(m) t exp -pbz(m)t q 1 a 

F=0 F\ 

= exp - pbz(m)t 

pbz(m)t q 
l-a 

a 

(2.53) 

'F=o F\ -exp pbz(m)t f - 1 

And then the equilibrium growth rate of QJ
z
m at each time t is given by:79 

QÎ 
= pbz(m) 

l-a 
a j j (2.54) 

In equation (2.54), the last term on the right-hand side, [ # ( ( ; ~ a ) / a ) - i ] , measures 

the impact of each vertical successful research on the stock of public TK in each country. 

It shows that, to determine the growth rate of QJ
z
m, we have to pin down the rate of 

return - see equation (2.48). And to determine r, we have to introduce the behaviour of 

individuals. A detailed description of the problem of individuals, which, to simplify, is 

assumed to be identical in both countries, is thus in order in the following section. 

2.6. Individuals and human capital accumulation 
The problem of individuals 

Following Hollanders and Ter Weel (2003), we assume that countries have zero 

population growth and are inhabited by a large number of heterogeneous Ramsey (1928) 

individuals or consumers, each of them deciding on the allocation of time and income. 

79 Alternatively, we can apply the analysis carried out by Aghion and Howitt (1992) and Barro and Sala-i-
Martin (2004, chap. 7). Briefly, since as a result of the definition of aggregate quality indexes in equation 
(2.7), in the case of a quality improvement of IG j , the proportionate change in the quality grade is 

( i -a)/o 
(1' -1), and the equilibrium probability of research per unit of time is equal for all IGs - equation 

(2.48) -, then the expected proportionate change in Qz per unit of time is pbz (Ç " -1 ) . Since the 
number of (independent) IGs, Jm, is large enough, from the Law of Large Numbers the average growth rate 

of Qz measured over any finite time interval will be close to pbz ( <7 " a-l)-
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In detail, heterogeneity is present in two related characteristics of individuals. One 

is ability level a uniformly distributed over a range [0,1] and specific to each individual 

- i.e., every individual in each economy has a different ability level, which can be viewed 

as the talent, the intelligence or the learning capacity this individual is born with and 

which can be developed during his/her life. The other is the type of HC - VH and SH. To 

simplify, we consider an exogenous threshold ability ã such that individuals with high 

ability - greater than ã, a > ã -, accumulate VH, while those with low ability - lower 

that ã, a< a- are only able to accumulate SH. Thus, each individual is indexed by a, 

which implicitly also defines the m-type of his/her HC. 

Individuals divide their time (decide) between attending the educational process to 

accumulate HC, which improves their productivity, and working to earn an income, 

designed in composite FG, proportional to their HC.80 Additionally, individuals (decide 

to) spend part of their income directly on the consumption of the composite FG and lend 

another part in return for future interest. In short, each individual embodies productive 

skills that are accumulated through endogenous, wealth maximising investment decisions 

that sacrifice present consumption in order to raise future productivity and income. 

Individuals formally choose a plan for consumption, c, asset holdings or capital, K, 

and HC. We assume that they have standard, discounted, constant elasticity preferences 

resulting in the following infinite horizon individual lifetime utility or felicity function: 

U{a,t)=\ 
V 

c ( a , 0 ; " e - i exp(-pt)dt. (2.55) 
i-e 

Where c(a, t) is the amount of consumption of the composite FG of the individual 

with ability a, at time t. Parameter p > 0 is the subjective discount rate which measures 

how much the individual favours consumption today over consumption tomorrow. The 

higher the value of p, the less patient the individual is. Parameter 0 > 0 is the inverse of 
Q1 

the intertemporal elasticity of substitution, and 0 ^ 7 . The higher the value of 0, the 

more the individual will dislike deviations from a smooth consumption path. As 0 

approaches 0, the utility function approaches a linear form in c(a, t). 

80 Since we have not included pure unskilled labour - i.e., workers without any education - as productive, 
we are in line with Cohen (1998), who considers that unskilled individuals who do not participate in the 
task upgrading efforts of society as a whole are left behind. 
81 For the special case of 9 = 7, the utility function is defined as U(a,t)= flnc(aj) exp(-pt)dt-
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The individual a maximises lifetime utility subject to both his/her intertemporal 

budget constraint - or asset holdings accumulation or still capital accumulation - and the 

evolution of his/her HC stock. The individual a budget constraint, at each f, equalises 

income earned to consumption plus savings. Savings are the accumulation of assets, i.e. 

lending takes the form of ownership of the profitable firms, which are the ones that 

produce IGs in monopolistic competition. Therefore, the budget constraint, expressed 

as savings = income - consumption, for all t e [0, <*>[, is given by: 

K(a,t) = [l-TK]r(t)K(a,t) + [l-Tw] 1 -us(a,t) -uT(a,t) wm(t)m(a,t)-c(a,t). (2.56) 

Where K(a, t) is then physical capital or financial asset holdings of the individual 

with ability a, at time r,83 and r is its return. The us(a, t) and uT(a, t) are the fractions of 

(non-leisure) time t the individual with ability a spends accumulating HC at school and 

on-the-job-training (OJT), respectively. As a result, uw(a,t) = l-us(a,t)-UT(a,t) is the 

fraction of (non-leisure) time t the individual with ability a allocates to production 

activity (work). Therefore, us(a,t), uT(a,t) and us(a, t) + uT(a, t) e [0, 7].84 Thus, we 

implicitly assume that the amount of leisure is fixed exogenously. The m(a, t) is the level 

of HC of the individual with ability a at time t, and so m = SH if a < ã and m = VH if 

a > ã. Due to arbitrage in the domestic assets markets, the interest rate depends neither 

on ability nor on the type of HC, only on time t. 

As a result of equation (2.56), at each time t, one part of all individual income -

i.e., flow of profits and the wage per unit of HC sold to the FGs sector, wm - is paid to the 

government as taxes, and the rest is devoted to consumption and savings. We assume that 

government intervention can consist of two ad-valorem taxes at rate %K on assets income 

and xw on HC income, which are necessary for a balanced government budget.85 

In the educational process, individuals accumulate VH or SH (constrained by the 

ability level) using both inputs - or forms of education or forms of training - schooling 

82 The value of these firms, in turn, corresponds to the value of patents in use, as explained above. 
83 Lived patents, corresponding to the best quality IGs, are then the assets of the economy. Individuals buy 
them from the R&D sector - considering that there are specialised R&D firms - , and then they rent them to 
IGs producers - in other words, they are the owners of IGs firms - and receive the corresponding flow of 
profits earned (dividends). In this way, a patent is like an asset that allows individuals to save and thus to 
transfer present consumption to the future. 
84 That is, we normalise the lifetime of each individual to unit, and s/he allocates part of her/his lifetime to 
schooling, part to OJT and part to productive activity. Consequently, we interpret the fraction of time spent 
in HC accumulation to be the fraction of an individual's life spent in the educational process. 
85 To avoid additional distortions, the subsidies would have to be financed with a lump-sum tax. However, 
this kind of tax is normally difficult to find. 

62 



0 £ 

and OJT in any desired combination. Thus, we follow a great number of models in the 

literature, where labour/HC is divided in two groups - e.g., Acemoglu and Zilibotti 

(2001), Kiley (1999), Theshmar and Thoenig (2000). However, in our case, the structure 

of HC supply is endogenous and pure unskilled workers do not exist. 

In particular, we presume that the accumulation of VH is relatively more school 

intensive (and is relatively more productive and more abundant in the North, remember), 

while SH is relatively more OJT intensive. Intuitively, schooling helps in working with 

versatile IGs more than OJT does, and vice-versa}1 The idea that schooling provides 

general HC, more versatile or adaptable to changing environments, while OJT is more 

specific is in line with Grossman and Shapiro (1982), Mincer (1993) and Van Zon and 

Antonietti (2004). Besides, as the school intensive HC is accumulated by individuals 

with higher ability, it is also in line with Hassler and Rodriguez-Mora (2000), since they 

claim that ability or intelligence is crucial for adapting to new technologies. 

Moreover, as noted by Mincer (1993, 1994), the inputs - schooling and OJT - may 

be substitutes or complements. For this reason, we consider the following CES, constant 

returns, production - or accumulation - function of m-type HC: 
n$ 

m(a,t) = 9 school (a, t) + (i-(pm) OJT(a,t) 
V 

- 8 m m ( a , r ) . (2.57) 

Where school (a, t) and OJT {a, t) denote, respectively, the schooling activities and 

OJT of an individual with ability a, at time t. Parameter cpm e [0,1] is the distribution or 

intensity parameter, which indicates how crucial the two inputs are in HC accumulation. 

When (pm = i , we obtain the HC accumulation function à la Lucas (1988); and when 

(pw = 0, the increase in HC level is only owing to OJT. We consider that <pVH > q>SH - i.e., 

(l-q>VH) < (l-q>SH) - in order to obtain that VH accumulation is relatively school 

intensive and SH accumulation is relatively OJT intensive. To simplify, this is the unique 

influence of ability on HC accumulation and, as we will better understand in the next 

paragraphs, this also opens the way for those with more ability to accumulate more HC. 

Parameter ty is the substitution parameter, with (j) e ]-©°, 0[ u ]0,1], and thereby 

the elasticity of substitution is equal to [1 /(I - <())] .88 If (j) > 0, schooling and OJT tend to 

86 There is ample empirical evidence that the distinction between schooling and OJT is important in 
shaping and improving individuals' skill levels - e.g., Van Zon and Antonietti (2004). 

That is, OJT helps in working with specialisei 
See, for example, Varian (1992, pgs. 19-20). 

87 That is, OJT helps in working with specialised IGs more than schooling does. 
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be perfect substitutes, being perfect substitutes for 0 = 1 and the function is linear. If 

(|)< 0, schooling and OJT tend to be perfect complements, being perfect complements for 

0 —> -oo and the function is Leontief since there is no substitution between the two 

factors. When (j) = 0, the function is Cobb-Douglas. Finally, parameter 6m is the 

depreciation rate of the m-type HC. This rate could be thought of as the rate at which HC 

becomes obsolete as a result of TK progress - e.g., Barro and Sala-i-Martin (2004, chap. 

5) - and, for simplicity, we assume that it is always constant. 

As a results of equation (2.57), a solution with a constant growth rate of m(a,t), 

requires a constant us(a, t) and ur(a, t). This result is driven by the idea that there is 

always something new to learn. Individuals intentionally keep on absorbing new 

information by attending training activities. In equation (2.57), we also maintain the 

assumption of many other models that there are constant returns in HC accumulation. In 

some cases, this assumption is justified by reference to externality effects, which convert 

diminishing returns at the individual level to constant returns at the aggregate level - e.g., 

Tamura (1991), Blackburn and Ravn (1993) and Sjogren (1998). In other cases, it is 

motivated by the inclusion of a larger set of inputs in HC accumulation - e.g., Roubini 

and Milesi-Ferretti (1998) and Pecorino (1995a, b). And in others still, it is merited by 

appealing to an overlapping generations economy in which offspring inherit at least some 

fraction of their parents' HC - e.g., Azariadis and Drazen (1990), Becker et al. (1990), 

Redding (1996) and Aghion and Howitt (1998a, chap. 10). 

In our case, we think in terms of the latter alternative and regard our framework as 
on 

a continuous time approximation of an overlapping generations model. In fact, apart 

from innate ability, learning capacities and, thus, the skills an individual can acquire 

through the educational process critically depend on the family (and social) background; 

that is, implicitly, we assume that altruistic parents leave everything to their children, 

including their knowledge. This is not difficult to believe if we accept the observation 

that skill acquisition is clearly a cumulative process through successive generations, and 

as a result children of well-educated parents often exhibit greater knowledge at birth than 

children of less well-educated individuals. 

Schooling and OJT, in turn, are proportional to the fraction of time allocated to 

each and to the amount of the individual's HC; that is, the HC accumulation at school 
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and OJT is described à la Lucas (1988) or, in other words, we extend Lucas' (1988) 

schooling model to both schooling and OJT. In this way, we follow Mincer's (1993) 

view, such that the HC in OJT is modelled as a time allocation decision. Indeed, we 

assume that training at work may be viewed as an investment and so it is costly - i.e., 

OJT consists in allocating a part of HC level to increasing skills.90 Formally, we have: 

school(a,t)= %sm(a,t\school) =%s us(a,t) m(a,t); (2.58a) 

OJT(a,t)=xTm(a,t\OJT) = xTuT(a,t) m(a,t). (2.58b) 

As is quite standard in the literature since Lucas (1988), in equations (2.58a, b), 

HC begets the accumulation of more HC - schooling and OJT are intensive users of HC 

-, that the increase in HC also depends positively on the amount of time spent on 

learning and also on the productivity or efficiency of the learning activities, %5 and %T. 

That is, %s and %T are efficiency parameters which measure the productivity of 

schooling activities and the productivity of OJT, respectively. They can be understood as 

representing the state of TK in school (school late infrastructure) and in OJT (OJT late 

infrastructure), reflecting (or being proportional to) the existing 'knowledge pool' 

provided by the state of the General Purpose Technology (GPT).91 We assume that the 

former is greater than the latter, %s > %P because historically the knowledge accumulated 

at school is greater, and also since, traditionally, universities, institutes and the school 

teaching staff have much greater contact with scientific journals and conferences. Note 

that Xs a nd XT ̂ a v e to be higher than 5, otherwise m can decline even if individuals 

spend all their time in HC accumulation. So, lower %5 and %r may be a theoretical reason 

for the weak or negative relation between HC accumulation and growth existing in some 

countries - e.g., Benhabib and Spiegel (1994), De Gregório (1992), Islam (1995). 

It is desirable that %s and %r can grow and at different rates across countries, 

generating changes in the HC structure. In particular, it would be interesting to consider 

In this case, the condition for HC accumulation to display constant returns is that each new member of a 
family begins with a level of HC that needs only to be proportional, and not equal, to the level attained by 
older members. Thus, we assume that there are finitely lived individuals and infinitely lived families. 
90 Thus, OJT can be interpreted as the acquisition of HC at technical, professional or specialised schools. 
91 As we state later on, the term 'General Purpose Technologies' (GPT), introduced by Bresnahan and 
Trajtenberg (1995), can be defined as a technological breakthrough and is characterised by pervasiveness 
in use (generality of purpose) that affects an entire economic system. Examples of GPTs include the steam 
engine, the electric dynamo, the laser, and the recent arrival of new information technologies embodied in 
information and communication equipment. Associated to each new GPT there is a wave of (secondary) 
innovations, each of which we assume creates a new quality for IGs (the R&D component in our model). 
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that %5 and %T are both enhanced by TK progress. It would be also desirable to consider 

X™ > Is" anc* IT" > XT1 > s i n c e t n ey are a l s o learning rates. Then, we would broaden 

the influence of ability on HC accumulation, since instead of stating that individuals with 

ability lower than ã do not have the possibility of accumulating VH, and vice-versa, the 

choice would result from their ability. Finally, since they mirror the quality of the 

educational process and are a crucial determinant of the decision to invest in HC, they 

open the way for government policy on HC accumulation. Then, it would also be 

interesting to verify the impact of financing school (and OJT) improvements, as in 

Lucas' model.93 However, that would complicate the analysis and, for this reason, we 

assume that %s and %T are always constant; putting much emphasis on R&D activity and 

leaving for future work those more elaborate assumptions about these parameters. 

The results of equations (2.57) and (2.58a, b) show that HC accumulation is 

m(a,t) = qy Xc us(a,t) 
( 

+ (7-cpm) %TuT{a,t) m(a,t). (2.59) 

Finally, the individual resource constraint on HC - implicit in equation (2.56) -

requires that the supply of HC equalises the demand for training - i.e., for school and for 

OJT - , and demand for production: 

m(a,t) = m(a,t\w)+ m(a,t\ school )+ m(a,t\ OJT ) = 
= [uw (a, t) + us(a,t) + uT (a,t)]m(a,t) (2.60) 

Resolving the problem of individuals and related comments 

The utility maximising individual will choose how much s/he will consume and 

how much of his/her time is spent in school and in OJT. That is, each consumer solves an 

optimal control problem of maximisation of lifetime utility - equation (2.55) - subject to 

the constraint on the accumulation of assets - equation (2.56) - and HC - equation 

(2.59). Thus, c(a,t), us(a,t) and ur(a,t) are his/her control variables that serve as the 

(policy) instruments of optimisation, since they are subject to discretionary choice and 

92 The empirical work of Jones and Zimmer (2001), for example, follows this point of view. 
93 E.g., the government should construct reward schemes, such as teachers having the right incentives to do 
a good job and provide a high-quality service, and/or it should put emphasis on other activities - such as 
school and OJT physical infrastructure - that improve both. In Lucas' model, financing school 
improvements have, in most cases, positive growth effects, even if they are financed by higher taxes. 
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this choice drives the state variables. The state variables s/he worries about are assets, 
.94 

K(a, t), and HC, m{a, t). Therefore, the individual's Hamiltonian is: 

exp (-p t) +\L(a,t ) \[1 - xK] r(t) K(a,t) + Max Ham(a,t) = 
c(a,t),us{a,t),uT(a,t) 

c(a,ty-*-l 
1-Q 

1 -us(a,t) - uT(a,t) [1 - xw]wm(t) m(a,t)- c(a,t) > + X(a,t) 
(2.61) 

<P" Xs us(a,t) 
v * J 

+ (i-9 f f l
) lj uT{a,t) 
v J 

- Ô " m(a,t) 

Where \i{a, t) and X(a, t) are the costate variables - also called dynamic Lagrange 

multipliers, auxiliary, adjoint and dual variables. They measure the shadow price of 

associated state variables - K{a,t) and m{a,t), respectively - for the individual with 

ability a at time t. In other words, they represent the value of an increment of the 

associated state variables - i.e., price of financial assets and price of HC, respectively - at 

time t in units of utility at time 0. From the maximisation program, the FOCs are: 

d Ham (a, t) 
d c(a, t) 

d Ham (a, t) 
dus(a,t) 

\-e = 0 o c(a, t) exp(-pt) = \i(a,t)\ 

= 0 « \l(a,t)[l-Tw]wm(t)= ^ , i ) f x j us(a,t)*-] 

(2.62a) 

/ 
q>' Xs us(a,t) 

V J 

\* ( 
m + ( ; -< ) XTuT(a,t) 

i_j (2.62b) 

dHam(at) = 0 ^ ^ ( a > 0 [ i . t j w « ( i ) s X(fl,f) (J-<pw) %* u {atf 
duT(a,t) 

-l 

r Xs us(a,t) + {i-<vm) XT uT(a,t) 

Li ; (2.62c) 

d Ham (a, t) 
dK(a,f) ) w L

J "
 l

* j ' w p *«>*,» ■ > ' 

d Ham (a,t) .• . 
'/= k(a,t) <=» 

om(a,t) 
1 -us{a,t)-uT{a,t) [l-%w]wm(t)\l(a,t) + 

( ^ ( \^ 

-©
-

4 CP"
1 %sus(a,t) + (7-cpm) XTuT(a,t) -ô

m >X(a,t) = -X(a,t) 
V ) K J 

J 

(2.62d) 

(2.62e) 

94 On dynamic optimisation (application and economic interpretation) see, for example, Chiang (1992). 
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These relationships must satisfy the constraints in the maximisation program - i.e., 

equations (2.56) and (2.59), together with the following transversality conditions: 

Urn \L(a,t) K(a,t) = Urn 
f —>°o 

X(a,t) m(a,t) = 0. (2.63) 

Equations (2.62a, b, c) equalise the marginal benefit and the marginal cost of 

consumption, of time devoted at school and of time devoted to OJT, respectively. 

Equations (2.62d, e), along with equation (2.63), are the optimal dynamic conditions for 

assets and HC accumulation, respectively.95 

The solution for the consumption path results from the differentiation of equation 

(2.62a) with respect to time and taking into account equation (2.62d). We obtain the 

following solution for the growth rate of consumption, which turns out to be independent 

of the ability and type of HC that individuals accumulate: 

c(a,t) c(t) C(t) 1 
[l-TK]r(t)-p (2.64) c(a,t) c(t) C(t) 8 

Where C(t) represents the country's aggregate consumption and CIC its growth 

rate, which is included in equation (2.64) because the population does not grow. It is a 

well-known Euler (differential) equation, and states that the growth rate of consumption 

depends on the difference between the interest rate after (financial) assets income tax and 

the rate of time preference, and on the intertemporal elasticity of substitution. The assets 

income tax %K has a direct negative effect on consumption growth by reducing the after 

tax rate of return to assets, while other political variables may affect consumption growth 

through the interest rate. Thus, equation (2.64) expresses a positive relationship between 

the interest rate and the growth rate, and in the (C/C,r) space gives us an upward 

sloping preferences curve, which represents balanced growth (BG) paths determined by 

the savings decisions of individuals. 

Therefore, the relation between [1 - xK ] r(t) and the discount rate p determines 

whether individuals choose a pattern of consumption that rises, stays constant or falls 

over time. We expect that [-/-%] r(t) exceeds p, and so individuals choose a pattern of 

consumption that rises over time. In other words, a higher market interest rate induces 

95 More specifically, equation (2.62a) gives the discounted marginal utility of consumption, which satisfies 
the dynamic optimality condition in equation (2.62d). Equations (2.62b, c) are the (static) optimality 
condition for the allocation of time, equating the marginal benefit and the marginal cost of an additional 
unit of HC devoted to working. The marginal cost involves the cost associated with future reductions in 
HC, as expressed by the other dynamic optimality condition in equation (2.62e). 
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individuals to save more now and to spend more later, resulting in increasing 

consumption over time. As we will see later on, in steady state, it stays constant since r 

stays constant. Additionally, for example, a higher value of 9 - i.e., a lower willingness 

to substitute intertemporally - implies a smaller responsiveness of the growth rate of the 

consumption to the gap between [1 - %K ] r{t) and p. 

Hence, as is quite standard in the literature - e.g., Sjogren (1998), Blackburn et al. 

(2000) and Acemoglu and Zilibotti (2001) -, we can conclude that each country admits a 

representative consumer with the usual constant relative risk aversion preferences. This is 

so, even in the presence of individuals who have different ability levels and two types of 

HC. To this end, Caselli and Venture (2000), for example, show that the presence of 

skilled and unskilled workers, do not cause problems for the representative consumer 

assumption, since with constant relative risk aversion utility functions, these preferences 

can be aggregated into a constant relative risk aversion representative consumer. Also 

Hollanders and Ter Weel (2003), for example, consider a country that has heterogeneous 

individuals - with different ability levels - and work with the same utility function. 

For the time allocation part of the problem, equations (2.62b) and (2.62c) give us 

the optimal ratio between schooling and OJT efforts, which is independent of time and 

individual ability, but dependent on the type of HC: 

j_ 

'"*. (2.65) uT(a,t\m) _ uT(m) a-<?m)xi 
<pm Is us{a,t\m) us(m) 

Equation (2.65) informs us that when the two types of training - schooling and 

OJT - are substitutes, the optimal time allocation ratio of the training efforts is positively 

reported to their respective productivity and negatively when they are complementary. It 

makes sense. When schooling and OJT are substitutable, the increase in, for example, %s 

implies that individuals increase their allocation of HC at school, us. That is, with this 

behaviour they obtain a higher increase in HC with a given marginal effort and, then, 

substitute the less efficient means of HC accumulation with the more efficient. If 

schooling and OJT are complements, then an increase in the time allocated to the factor 

with higher productivity requires a greater increase in the time allocated to the lower 

productivity factor. In particular, given our premise about (pw, we will always obtain that: 

uT(VH) c ur(SH) 
us(VH) us(SH)' {Z-bb) 
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Therefore, the optimal time allocation ratio between schooling and OJT tends to be 

different - i.e., ujlus £ 1, according to equation (2.65) - , depending on their degree of 

substitution, on their productivities and on their intensity,96 and the optimal allocation 

ratio of training efforts differ as to the m-type of HC accumulated - equation (2.66). 

Thus, considering only one type of training, we can under- or over-estimate the growth of 

HC. In particular, the error tends to be different (i) according the degree of substitution 

and (ii) in the two different types of HC accumulated, as will become apparent later on. 

Generically a high degree of substitutability, coupled with the assumed higher 

efficiency of schooling, means that most of the HC skills necessary to the production of 

FGs are better obtained at school. On the other hand, strong complementarity indicates 

that schooling, in spite of higher efficiency, is far from providing all such necessary 

skills, requiring additional OJT in significant amounts. As a result, in a scenario of strong 

substitutability, constraining the measurement of HC to formal schooling tends to be 

sufficient, especially for VH, which uses schooling more intensively. On the contrary, the 

case of complementarity supports the claim in the growth-HC literature that the lack of 

an empirically robust relationship is partially attributable to the exclusion of OJT from 

the measures of HC - e.g., Bartel and Lichtenberg (1987), Lucas (1993), Mincer (1993). 

Given equations (2.59) and (2.65), it is also clear that when the HC accumulation 

is constant - it holds in steady state - the time devoted to working is constant as well. 

Since the majority of the literature takes HC as a homogeneous aggregate, only the 

Uzawa-Lucas education sector is considered - e.g., Arnold (1998), Sjogren (1998) and 

Garcia-Castrillo and Sanso (2000). Nevertheless, we can say now that the introduction of 

different HC types and a more complex educational process may substantially modify the 

occupational choice of training. In our case, when inputs are substitutes, individuals 

decide mainly to go to school, and the inverse happens when they are complementary. 

Now, with equation (2.65), we can rewrite, after some calculation, equation (2.62c) 

in the following simplified form: 

[L(t\m) [l-xw] 
1 + uT(m) (2.67) 

us(m) 

Where then the ratio between urim) and Us{m) in equation (2.67) is as given by 

equation (2.65). And differentiating this one with respect to time, we obtain: 

96 Moreover, from equations (2.60) and (2.65) we have that: 1~uw(t\m) _ uT(m) + } 
us{t\m) us(m) 
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wm{t) X(t\m) Çi(t\m) 
(2.68) 

wm(t) X(t\m) \l(t\m) 

On the other hand, by first introducing equations (2.62b) and (2.62c) into equation 

(2.62e), and then equation (2.67) into the resultant, we have after some calculation: 

X(t\m) X(m) ôm -q> m [l/Q] X, 1 + uT(m) 
us(m) 

(2.69) 
X(t\m) X{m) 

Equation (2.69) gives us the growth in the shadow price of the state variable m-

type HC - i.e., the rate of return to additional m-type HC in units of utility at time 0. 

An important arbitrage condition inter-relates the returns from the different types of 

assets. An interior solution to the individual maximization problem requires positive 

amounts of both assets, K and VH (or SH), which is not sustainable unless their returns 

are equalised at all times. The following resulting condition, where the optimal time 

allocation ratios are expressed in terms of the given wage dynamics and interest rate, 

ensures this; i.e., given equations (2.62d) and (2.69), equation (2.68) can be written as:98 

wm(t) 

wm(t) 
= U-XK]r(t) +ô m -cp m [ Í A M X s 1 + uT(m) 

us(m) 
(2.70) 

Equation (2.70) tells us that, given the constant optimal time allocation ratios in 

equation (2.65), a constant relation between wage dynamics and interest rate results -

i.e., the optimal time allocation ratios condition the relation between wage dynamics and 

interest rate." Thus, if the interest rate is high today, wage dynamics are also high, and 

this relationship is always balanced. In this case, there will be strong investment in R&D, 

which improves the marginal product of HC - i.e., wages, see equations (2.29a, b) - and 

so increases its price - see equation (2.30). The increase in wages will be adequate since 

individuals adjust their training effort - keeping the optimal time allocation ratio constant 

- to meet the demand for HC in such a way that the relationship remains constant. 

Therefore, our framework is an integrated model of endogenous HC and TK accumulation where 
investment in K and in HC are two complementary activities. 
98 Note that the path of \i depends on t, while the path of X depends on m. In fact, from equations (2.62d) 

and (2.69) ^ -^-^ = ̂ - ^ = [7 - xK] r(t) and / ] = --—!- , respectively. 

99 
\x.{a,t) H-(i) " X(t\m) X(m) 

Actually, equation (2.70) can be written in the following way: 

1+ uT(m) 
us{m) 

<pmr;/« » - 8 ™ = [ 7 . % ] r ( 0 _ ^ 

wm(t) 
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Now we are able to find the equilibrium interest rate in both countries. In fact, first 

plugging equation (2.48) into equation (2.54), after that the resulting equation into 

equation (2.30) and finally equating the obtained m-type HC demand path to the 

necessary condition for optimisation by individuals ('supply side') - equation (2.70) -

the equilibrium interest rate in the countries is reached. By Walras law, it is also the 

interest rate that clears the assets market - savings by individuals equal to the value of 

the firms. Moreover, the general equilibrium instantaneous growth rate of the countries at 

time t results from plugging the equilibrium interest rate into the Euler equation (2.64). 

In addition to firms and individuals, the Northern and Southern economies can also 

be influenced by domestic government policies. A description of the government's 

budget is thus in order. Finally, the aggregate resource constraint must be presented in 

order to close the characterisation of the economies. This is the plan of the next section. 

2.7. Government budget and aggregate resource constraints 
2.7.1. Government budget constraint 

We suppose that the government budget is balanced at each point in time; i.e., 

xKr(t)\ K(a,t)da + xwwm(t) j [uw(a,t)m(a,t)]da =sxX(t)+sr RS(t). (2.71) 

Where X(t) and RS(t) are the aggregate variables indicating the aggregate resources 

devoted to IGs production and to R&D in equations (2.27) and (2.52), respectively. In 

equation (2.71), the left-hand side is government tax revenue from assets income, 

xKr(t)jK(a,t)da = xKr(t)K(t) (where K denotes individuals' wealth and has been 

interpreted as assets - value of patents in use, remember) and labour income, 

tw wm{t) f[uw(a,t)m(a,t)] da = xw [wVH(t) VH(t)+wSH(t) SH(t)]. The right-hand side is 

government expenditures on subsidies for IGs, sx X(t), and for R&D, sr RS(t). 

2.7.2. Aggregate resource constraints 

For each country, total FG output, Y(t), is allocated among total consumption, C(t), 

production of IGs, X(t), and total R&D expenditures, RS(t). In other words, the 

aggregate FG is used for consumption, C, and savings, K - so K denotes household 

wealth and has been interpreted as assets, remember. The savings - or, in other words, 

investments - are allocated to IGs production and used as research input. Therefore, the 

aggregate budget constraint is given by the following equation: 
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Y(t) =C(t) + X(t)+RS(t). (2.72) 

From the previous analysis, we verify that in equilibrium the aggregate output, Y, 

the demand for IGs, X, and resources devoted to R&D, RS, are all constant multiples of 

both domestic (since here there are no IT effects) levels of TK and domestic (since there 

is no international mobility of production factors) levels of HC at work. Solving equation 

(2.72) for the aggregate consumption, C, we get - substituting equations (2.29), (2.28) 

and (2.41) for Y, X and RS, respectively - that C is also a constant multiple of the 

aggregate quality indexes and of the levels of HC at work: Q?SH SH(.\w) and 

QJVHVH{.\w).xm In short, in equilibrium, aggregate output, consumption, IGs demand 

and resources devoted to research are all constant multiples of the same variables. 

This completes the description of the model and in the next section we conclude 

the chapter with some elements of synthesis. 

2.8. Some elements of synthesis 
Although centred on a regime without IT effects (note that we decided to disregard 

the discussion on the relative importance of embodied versus disembodied idea flows and 

so we avoid the word autarky), in this chapter, we present the basic elements that 

characterise both economies - North and South - and which can easily be extended to 

both IT of IGs and IT of all goods regimes. 

The North is more productive than the South by reason of the exogenous level of 

productivity directly related with the quality of domestic institutions, is endowed with 

more HC and is relatively abundant in VH (school intensive and relatively more 

productive), and its R&D activities result in innovations that improve the quality of IGs -

i.e., Schumpeterian R&D -, whereas the South undertakes imitative activity. These 

differences are assumed as given - they supposedly have historical roots - , and we want 

to analyse the subsequent path of both economies under the various IT regimes. Our 

purpose is to explain how the IT regime alone - without international mobility of factors 

and foreign direct investment - affects the structure and dynamics of TK diffusion, thus 

influencing levels, growth rates and inter and intra-country wage inequality. 

As a result, we develop a North-South general equilibrium model, in such a way 

that productivity, R&D and HC differences become clear and central to the next analysis. 

As to the productive activity, we follow the conventional Schumpeterian growth model, 

100 Assuming for the imitator country that the changes in fh(. \ w) and q(.\m ) are of second order. 
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and consider three productive sectors: FGs, IGs and R&D. In the first, each good is 

competitively produced by one of two substitutable technologies: either with a set of 

differentiated IGs and VH or with a different set of IGs and SH. Implicitly, we assume 

that the production function is the same for IGs and R&D sectors and so our framework 

is a lab equipment type model. The IGs sector consists of monopolistic producers since 

their production requires manufacturing costs that can be subsidised, plus start-up cost of 

R&D that entails the payment of dividends to the firm's shareholders. Monopolistic 

competition here reflects the non-rival nature of TK. 

Next, we characterise the equilibrium for a given state of TK progress and HC. It 

becomes clear that the countries' growth rates will depend on the available TK progress, 

either through innovation or through imitation (or, as we will see later on, through 

importing when IT becomes possible), and on domestic endogenous accumulation of two 

types of HC, VH and SH, since there is no international mobility of HC. 

It results also that only one technology, VT or ST, will in fact be used to produce a 

particular FG. A substitutability between them together with complementarity in the use 

of inputs will be particularly important for the influence of the IT regime on the direction 

taken by TK progress and, in turn, on wage inequality. For now, we can generically state 

that in cases where either the technology is highly versatile biased or there is a large 

relative VH at work, then the fraction of FGs employing VH and using VT will be large. 

In this case, the relative price of VH FGs will be low, which decreases the incentives to 

upgrade versatile TK and the relative price paid (wage) per unit of VH. 

Not surprisingly, the versatile premium (intra-country wage inequality) is greater 

when technologies are more versatile biased and when VH at work is relatively scarcer. 

Thus, HC accumulation influences inequality since HC investment affects the factor 

proportion, which has impact on relative wages. Between countries, the versatile 

premium will be relatively greater in the South, when the latter is relatively abundant in 

SH and when technologies in the imitator country are relatively more versatile biased. 

Moreover, together (i) differences in (non-IT related) exogenous productivity in 

production function, (ii) international immobility of HC, and (iii) differences in available 

TK suggest the maintenance of inter-country wage inequality favourable to the North. 

In the R&D sector, firms carry out research to come up with ideas that they 

develop into blueprints for new quality IGs and which are possible from the actual state 

of the GPT. We can imagine the R&D firms as either the R&D department of the IGs 

74 



firm or R&D specialised firms and can be subsidised. The competitive market of 

blueprints implies free entry in the IGs sector, which results in the elimination of profits 

in a present value sense. In addition to the assumption that the North innovates and the 

South imitates, because in the latter country imitation is cheaper than innovation and 

there is domestic but no (at least full) international IPRs protection, our Schumpeterian 

R&D process embodies substantive differences from previous literature of TK diffusion. 

In particular, we consider (together) (i) an autonomous positive learning effect of 

accumulated public TK from past successful research, (ii) an adverse effect of market 

size by considering costs of scale increasing in R&D - composed by some general costs 

and rent protection activities undertaken by leader firms -, which enables us to rule out 

the scale effects and (iii) a Southern specific catching up term, itself with some particular 

characteristics, as the TK gap threshold and the gap in HC at work between countries. 

In fact, apart from the endogenous growth debate on the independence between 

economic growth and scale effects, we regard this independence as mainly instrumental 

in isolating the TK diffusion effects of the IT regime. In other words, we aim at 

emphasising the mechanisms, other than market size, by which the IT regime brings 

about North-South TK diffusion. In this way, a larger market for TK does not lead to 

more research and thereby only the price channel works - i.e., there is only a greater 

incentive to improve technologies which produce more expensive goods. 

Furthermore, since we want to focus on international TK diffusion, it seems 

reasonable to consider that the South in not too far behind the North. The degree of 

backwardness is included by making Southern imitation of existing TK conditional to the 

distance from the TK frontier. Hence, there is a threshold distance beyond which the cost 

of imitation is infinite. Therefore, when the TK gap is greater than the threshold, the 

South is unable to imitate and grow rapidly, whereas Southern countries with smaller 

gaps find it easier to imitate, grow faster and converge to the innovator's income level. 

In line with the existing literature, the imitation capacity also depends on political 

effects, on openness to IT and other trade policies and on the gap in HC at work with the 

North. That is, we assume that there is no (significant) barrier to imitation and thereby 

the advanced Northern TK is available to some Southern countries worldwide. Due to the 

cost of imitation, the market for IGs will also be non-competitive in the South. 

As to individuals, we assume that each country is populated by a unit mass 

continuum, each one with a different cognitive ability. Individuals endowed with high 
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ability accumulate VH, and those with less ability fare better by accumulating SH. In 

order to make a living, they need to generate income by selling HC on the labour market. 

The amount earned is in agreement with their level of HC, and is spent on consumption, 

on loan in return for interest or on taxes. Hence, individuals decide, in a structure of 

learning or doing (or about their time), to work or to increase their stock of HC. They 

have perfect foresight concerning the rate of TK change over time and choose their 

expenditure paths in order to maximise its discounted utility. Thus, we get a dynamic 

general equilibrium model, so all markets clear throughout time. 

In the educational process, each individual combines schooling and OJT, with the 

aim of raising his/her HC. We assume that (i) in both inputs the HC accumulation is 

described by functions à la Lucas (1988) and is not an automatic process: it requires time 

of training during which individuals do not work and so entails an opportunity cost 

defined in terms of wage; (ii) in both, the constant productivity is proportional to the 

'knowledge pool' provided by the GPT, but is greater at school; (iii) the intensity of both 

depends on the HC accumulated; (iv) they may be substitutes or complements, and thus a 

constant elasticity of substitution function is used for HC accumulation. If they are 

substitutes (complementary), the optimal time allocation ratio, which is independent of 

time and individual ability, but dependent on the type of HC, is reported positively 

(negatively) to their respective productivity. Substitutability also shows that schooling 

tends to better provide all skills for production, which is not true under complementarity. 

As to each individual, the growth rate of aggregate consumption is given by the 

standard Euler equation (since the population does not grow), as if each country admits a 

representative consumer with the usual constant relative risk aversion preferences - i.e., 

the solution for the consumption path is independent of the ability and type of HC. Thus, 

the economic growth rate will depend on the difference between the after assets income 

tax interest rate and the discount rate, and on the intertemporal elasticity of substitution. 

An important arbitrage condition inter-relates the returns from the different types of 

assets, K and HC, through which the constant optimal time allocation ratios, UT(m)/us(m), 

can be expressed in terms of the (respective) given wage dynamics and interest rate. As a 

result, for example, when the interest rate is high, the wage dynamics are also high. The 

intuition is the following. When the interest rate is high there will be strong investment in 

R&D, which improves the marginal product of the HC and individuals also adjust their 
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training effort - keeping the optimal time allocation ratio constant - in order to meet the 

demand for HC in such a way that the relationship remains constant. 

We assume that the government budget is always balanced. The indirect effect of 

government intervention in HC is not yet clear. This matter will be clarified in the next 

chapters. In equilibrium, resources in each country measured in aggregate FG output can 

be used in IGs production, in R&D, or consumed. From the aggregate resource constraint 

and the previous analysis, aggregate output, IGs demand, resources to R&D and to 

consumption are all constant multiples of the domestic (since here there are no IT effects) 

levels of TK and of the domestic (since there is no international mobility of production 

factors) levels of HC at work. 

Bearing in mind the analysis developed during this chapter, it is clear that the 

implications resulting from applying (i) Cournot competition in the IGs sector instead of 

Bertrand competition; (ii) vertical and horizontal successful researches together; (iii) the 

world implications of R&D cost advantage of leaders over followers and in particular 

differences in the catching up term for Southern leaders and followers, as well as the 

hypothesis of diminishing returns in R&D effort possibilities at a firm level; (iv) richest 

assumptions about the productivity of the educational process - i.e., of both training 

activities, schooling and OJT - and, related with that, the impact of governmental 

policies aimed at increasing some or both types of HC, remain for future work. 

In next chapter, we conclude the analysis under the IT regime without IT effects. 

We investigate the steady state, paying special attention to wage inequality. In addition, 

we analyse other issues - TFP differences between countries, implications of a new GPT, 

transition dynamics towards the steady state through calibration and sensitivity analysis. 
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CHAPTER 3 

NORTH-SOUTH TECHNOLOGICAL KNOWLEDGE 
DIFFUSION WITHOUT TRADE EFFECTS 

3.1. Overview 
Since the structure of the countries characterised in the last chapter is strongly 

oriented to the IT regime without IT effects, now we continue and conclude the analysis 

of this IT regime. In this case, all Northern firms involved in R&D undertake innovative 

research and the innovators are unaffected by potential Southern imitation. In particular, 

it is assumed that the North does not receive any compensation - i.e., royalties - , for use 

by imitation of its TK in the Southern country, and it does not seek to produce abroad. 

Considering that the South is sufficiently close to the TK frontier,101 all Southern 

firms involved in R&D undertake imitative research so long as the cost of imitation is 

less than or equal to that of innovation. Moreover, in the present IT regime, Southern 

imitator firms need only imitate technologies on one quality rung - i.e., one level - above 

the current Southern quality level, since they are only selling the imitated quality-

adjusted IGs domestically. It is expected that the decision to imitate instead of trying to 

innovate on its own will greatly benefit the South. 

That is, due to the potential positive effect of TK backwardness, the South must 

achieve higher growth rates during the transitional dynamics phase and, in steady state, 

both countries must experience the same economic growth rate and the same path of 

intra-country wage inequality, determined by the North. Thus, for example, Northern 

improvements which positively affect the economic growth rate also favour the South. In 

summary, a pattern of conditional convergence between the North and the South must 

emerge, which, in turn, also improves the Southern output level, the Southern total factor 

productivity and decreases the inter-country wage inequality. 

The remainder of the chapter is organised as follows. In section 3.2, we analyse the 

steady state: growth rate, comparative analysis and related effects. In section 3.3, we 

explore two extensions of the model. First, we analyse productivity differences between 

countries and, then, we observe the world implications of a new GPT. In section 3.4, we 
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discuss the transition to and the stability of the steady state. In section 3.5, we perform a 

sensitivity analysis. In section 3.6, we conclude with some elements of synthesis. 

3.2. The steady state 
In this section, we are concerned with the steady state properties of the model. 

The structure of the section is as follows. In subsection 3.2.1, we start by showing 

that in steady state there is a unique BG path common to both countries and we make a 

comparative steady state analysis. In subsection 3.2.2, we analyse other steady state 

effects of international TK diffusion, namely in terms of the Southern growth benefit, 

convergence in output levels between countries, prices and wages. 

3.2.1. Steady state growth 
Common steady state growth rate 

Since the composite FG production has constant returns to scale in inputs Qs and 

m(.\w) - e.g., equation (2.28) -, and it is used for consumption, production of IGs and 

R&D - i.e., Y, X, RS and C are all constant multiples of the available domestic (since 

there is no IT) levels of TK and of the domestic (since there is no international mobility 

of production factors) levels of HC at work: QJSHSH(.\w) and QJVHVH(.\w) -,102 then the 

constant and unique steady state growth rate - which, through the Euler equation (2.64), 

also implies a constant steady state interest rate, /s - , designed by gr, is:103 

QJM m(.\w) Y X _RS _C _c _1 
(l-xK)r5S-p gr- (3.1) 

Qjm m(.\w) Y X RS C c 9 

Clearly, steady state endogenous growth is driven by R&D and HC 

accumulation.104 A higher steady state interest rate implies a lower current value of future 

profits and thus lower expected marginal profits, because of a discount rate effect - e.g., 

equation (2.45). On the other hand, from equation (3.1), it also implies a higher growth 

rate and associate with - or due to - this, significant R&D activity. Thus, from both 

considerations, we have that a higher interest rate seems to induce strong R&D activity 

101 Otherwise, the South is unable to imitate and a divergent TK pattern between the countries occurs. 
102 In the South, this is really true when fh(.\ w) and q(.\m) are constant, since the resources devoted to 
R&D are a function of the variables fh(. \ w) and q(.\m) - e.g., equation (2.52) - and, consequently, due to 
the aggregate resource constraint equation (2.72), so are the resources used for consumption. 
103 For the gr in equation (3.1) to be >0 and bounded, (i - %K) rss should be greater than p and bounded. 
104 For example, without HC accumulation growth is only driven by R&D - see Appendix 2, section A2.2. 
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that shortens the period in which the IG producer can enjoy its monopoly profits; i.e., it 

suggests a strong process of creative destruction. In steady state, as equation (3.1) states, 

o. (3.2) 
QJSH SH(.\w) Qjv» VH(.\w) p~ p 

Introducing the information in equation (3.2) into equation (2.30) - i.e., so that the 

wage growth rates increase steadily, in proportion to TK progress -, we can: (i) state that 

improvements in m-specific TK create new m-type HC demand and bid up its wage rate, 

in compliance with empirical estimates of TK bias - e.g., Bound and Johnson (1992) and 

B artel and Sicherman (1999); (ii) easily obtain the constant steady state interest rate, 

following the same steps as those proposed to obtain the equilibrium interest rate. The 

resulting expression is - where ss means steady state and T/ = 0 and TP = I:105 

-ir. 
m 

Is, 
1-5. 

m\llip] 
A? 1 + uT{m) 

us(m) 

1_4 (3.3) 

Where pm,s, gi and gi as well as (52 are in steady state - i.e., they are constant. The first 

term in large brackets depends on - or is closely related with - the rate of return from 

research (i.e., the expected flow of profit per unit of research effort) - e.g., equation 

(2.48), and the second term relies on the rate of return to new HC - e.g., equation (2.69). 

As shown in equation (3.1), the steady state growth rates result from plugging the 

steady state interest rate - equation (3.3) - into the growth rate of consumption derived 

from individuals' optimisation - Euler equation (2.64): 
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(3.4) 

Since from equation (3.1) the steady state growth rates are completely determined 

by the steady state interest rate and individual's preference parameters, the determinants 

of the steady state interest rate are also the determinants of the steady state growth rate. 

105 Alternatively, we can state that / f results from constant growth of wages - equation (2.70) - , which, in 
turn, result from constant prices of FGs and from constant growth of available TK - equation (2.30). 
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As explained in previous studies - e.g., Rebelo (1991), Mulligan and Sala-i-Martin 

(1993) and Stokey and Rebelo (1995) -, in equilibrium (and so in steady state), the rates 

of return to all investments should be the same. As the composite FG is the only input in 

IGs production and R&D activities, the FGs production technology affects the 

equilibrium rate of return to investments and so the equilibrium interest rate. Moreover, 

as HC and quality-adjusted IGs are required for FGs production, the equilibrium interest 

rate depends on: (i) FGs production technology; (ii) HC production technology; (iii) 

R&D technology; and (iv) government policies - e.g., equation (3.3). 

As in steady state QjSH SH (. | w) and QjV"VH (. | w) must grow at the same rate, FGs 

price indexes stay constant - e.g., equations (3.1), (3.2) and (2.25a, b).106 The constant 

steady state interest rate and thus the constant steady state growth rate for the North (i.e., 

when Z = 7) is then a direct result of, respectively, equations (3.3) and (3.4). However, 

the constant steady state interest rate and thereby the constant steady state growth rate for 

the South (i.e., when Z = P) requires that the South's relative m-type HC at work, 

fh(. | w), and the South's relative m-specific TK level, q(.\m), must be constant as well -

i.e., the m-type HC employed and the m-specific TK must grow at the same rate in both 

countries. In fact, this is already essential and so included in equation (3.1) for the South. 

Thus, we can state that, as a result of international TK diffusion, the level of 

m(. | w) and q(.\m) = Qjm reached in steady state remain constant - i.e., once in steady 

state both countries enjoy the same interest rate and grow at the same rate. Therefore, the 

common steady state growth rates of HC at work and of TK imply the maintenance of 

steady state North-South gaps, which tend to remain below one.107 As there is a world 

BG path defined by the North, causes that improve the North's growth rate, such as 

better Northern institutions, also boost the South's growth rate, while Southern advances 

affect the steady state levels of m(. \ w) and Qjm . 

As r" is constant, equations (2.48) and (2.54) suggest that Qjm"lQJmSS is also 

constant. Then, according to equation (3.1), mss(.\w)lmss(.\w) is also constant: 

mss(.\w)_l 
mss(.\w)~ 9 

U-TK)rss-p Qjm 

~ - (3-5) 
Qjn 

106 Thus, for example, if the steady state growth rate of Q]VH is higher than that of QJS" then the steady 
state growth rate of VH(. | w ) is smaller than that of VH(. \ w ) ; i. e., the versatile-augmenting TK saves VH. 
107 This holds by assuming the starting condition (2.23), as we will see by numerically solving the model. 
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Since HC accumulation is dependent on m-type HC, but independent of individual 

ability, and as the steady state equilibrium requires that time allocation does not change 

over time - i.e., individuals decide to devote a constant fraction of the fixed-time 

endowment to working and to educational process -, then from equations (2.59), (2.65) 

and (3.1) we have that:108 

-l 

us
s
s(m) = - U-XK)rss-p Q" 

• + S" 
QJ" 

<p
mim

%s 1 + uT(m) 
us(m) 

(3.6) 

Given the constant value for us
s\m) in equation (3.6), we easily obtain the values 

for us
T

s(m), from equation (2.65), and for u"(m), from the resource constraint on each 

type of HC: uZ(m)=l-us
s
s(m)-us

T
s(m). From equation (3.6), we further conclude that 

us
s
s(m), Uj{m) and u™(m) are equal in both countries. 

Figure 3.1 - complemented by figure 3.2 - sums up the behaviour of the North-

South steady state growth rates, assuring an unique world constant growth rate defined 

by the North, and that - or which requires that - Qjm and fh (.\w) remain constant. 

Figure 3.1. Behaviour of the steady state growth rates 
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From the analyse above, the steady state equilibrium is a path where all variables 

either grow at a constant rate (not necessarily the same) over time - Y, C, X, RS, m(w), 

m(school), m(OJT), and Q7™ - or are time invariant - us, uT, N, pm, m, QJm, r, pbi and 

pbp - such that each individual maximises his/her lifetime utility by allocating his/her 

time between production and HC accumulation and his/her income between consumption 

and saving, each (IG, FG and R&D) firm maximises its profits, and all the markets clear. 

' It is possible to show that the condition (l-xK)rss>p also assures that 0<u
s
s
s ,u™ ,U™<1 ■ 
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Comparative steady state analysis 

The common steady state growth rate of both countries given by equation (3.4) for 

Z = / - it is equal to the steady state growth rate in equation (3.4) for Z = P - allows for 

further comparative steady state analysis. Table 3.1 sums up the qualitative results. 

However, only for the exogenous parameters and variables which are specifics to the 

North or common to both countries, because the North determines the (world) steady 

state growth rate. International TK diffusion highlights the importance of those Northern 

changes because they carry weight, not only at home but also abroad. Changes in both 

exogenous parameters and variables in the South - as well as in the North - affect, in 

particular, the South-North quality indexes, Qjm, as will be apparent below. 

Table 3.1. Comparative steady state analysis 

dgr 

dAj + 

dm + 
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aCi -

dgr 

ae -
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dgr 

3(pra + 
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3 XT + 

85m -

a<i> + 

Note: considering the particular case q - l/(l-a). 

The innovator country's exogenous level of productivity, A/, affects positively the 

level of output internally - e.g., equation (2.28) - , and the world growth rate as well. In 

the North, this is due to the role of competitive monopoly profits - e.g., equation (2.39a) 

- and in the South, this is because of international TK diffusion.109 The m-augmenting 

parameter, m, in the production function affects positively the growth rate also due to 

the role of competitive monopoly profits. 

The HC share in the production function, a, has a negative impact on the growth 

rate. At first sight, this is because it increases the size of each quality upgrade, q, which 

requires more resources to obtain each successful research - e.g., equation (2.50) -, and 

this acts as a disincentive to R&D activities. But, a greater q also increases the size of 

profits - see equation (2.39a). Thus, the intuition is the following. IG firm takes into 

account the probability of losing its monopoly, and so it discounts profits at a rate higher 

109 That is, Northern changes that improve the North's growth rate also boost the South's growth rate. 
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than the interest rate. The discount rate is higher when a is greater, and so it disincentives 

or discourages R&D activities and thereby influences negatively the growth rate.110 This 

is in line with recent empirical literature - e.g., Ahn (2002). 

As to the R&D parameters, the higher the learning to past successful research 

spillover, (3/, and the smaller the fixed cost of the successful research parameter, Ç/, the 

higher the incentives to do R&D become and so the higher the growth rate. 

The impact of p and 0 is consistent with the fact that if present consumption is 

more highly valued than future consumption (following the properties of the utility 

function), then this will lead to less need for private investment and so to less dispersion 

over time. In other words, the more patient - i.e., the smaller the value of p - and the less 

keen the individuals are on consumption smoothing - i.e., the smaller the value of 0 - the 

higher the steady state growth rate. 

Through both subsidies' exogenous ad-valorem sx and sr, government intervention 

can positively affect the steady state growth rate. The former because it increases the 

monopolistic mark-up and, thereby, profits - e.g., equation (2.39a) -, thus acting as an 

incentive to support R&D activities. The latter since it decreases the cost of R&D - e.g., 

equation (2.47) -, thus increasing the equilibrium probability of successful research -

e.g., equation (2.48). In short, a rise in the subsidy rates, sx and sr, leads to an increase in 

the long run growth rate, since they promote TK progress. 

An increase in assets income tax, TK, decreases investment in TK accumulation, as 

a result of the smaller expected marginal benefit of R&D, which, in turn, has direct 

negative effects on growth. However, taking together the set of variables, sx, sr and XK, 

we can state that, in fact, the collection of additional asset income taxes has a direct 

negative effect on the growth rate, but it also has an indirect positive effect. This is 

because, in this way, the government obtains resources - e.g., equation (2.71) - , which 

contribute to lower marginal costs of production of IGs and of R&D. 

Particularly interesting is the fact that the steady state growth rate is independent of 

the HC income tax, xw. The reason is that xw does not affect neither the Euler equation, 

nor the HC production technology, nor the FGs production nor the R&D technology. 

Generically, since %w is absent in equilibrium conditions, it does not affect growth. 

Market power seems to be not growth enhancing - note that q serves as a measure of market power. 
111 Since common sense suggests that both R&D and IGs production subsidies should promote growth, this 
result also represents a check that the model is well-behaved. 
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To sum up, the policy implications of our results are that, in order to maintain a 

balanced government budget and higher growth, the HC income tax must be higher than 
119 

the assets income tax. At the limit, the assets income must be free of taxes. These 

results are in line with, for example, Zeng and Zhang (2002). 

Given our particular purposes, the steady state growth rate does not exhibit scale 

effects. For that reason, it is in accordance with Jones' (1995a,°b) critique. However, 

contrarily to Jones's (1995b) influential model, it is endogenous since it is determined 

within the framework by the existing market forces and is not completely independent of 

preferences and of policy variables. 

In fact, in Jones's model the scale effects property is removed, but the steady state 

growth rate is totally determined by technological parameters and the (exogenous) rate of 

population growth, and so it is truly exogenous. Nevertheless, as 'innovations' are still 

the outcome of purposeful and costly R&D effort, he defines it as 'semi-endogenous'. As 

Jones's model does not explain whether or how economic policies or tastes are capable 

of affecting the economic growth rate, it is different from the endogenous R&D growth 

models in which growth usually depends upon preferences and/or policy variables. 

Our results regarding the 'growth effects' of government policies are consistent 

with the findings in the first-generation R&D-based endogenous models with scale effect 

- e.g., Romer (1990b), Grossman and Helpman (1991a) and Aghion and Howitt (1992, 

1998b) -, those in recent R&D models without scale effects - e.g., Aghion and Howitt 

(1992, 1998a), Howitt (1999), Zeng and Zhang (2002), and Zeng (2003) - , and with 

convincing evidence found by some works, like Bleaney et al. (2001).114 

As to the HC production parameters - see equation (2.59) -, table 3.1 shows that 

the more intensive the use - in the production of VH and SH - of the more productive 

mode of HC production - schooling -, the higher the steady state growth rate. Also, the 

greater the rate of substitution between modes of HC production is - measured by ty -, 

the higher the use of the more productive one will be, and, consequently, the higher the 

growth rate. Productivity in the HC sector, then propagated to the economy, is also 

improvable directly through %s and %r- In summary, improvements in productivity in the 

11 When we investigate the effect of one of the political instruments, xK, sx or sr, we maintain the others 
constant and leave the task of balancing the government budget to residual changes in the HC income tax. 
11 As well as other (second-generation) R&D-based endogenous growth models without scale effects, like 
Segerstrom (1998) and Young (1998). 
114 However the empirical results in the literature are far from conclusive. For example, Easterly and 
Rebelo (1993a, b) reject the policy-effectiveness predictions. 
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HC sector reduce its opportunity cost and, consequently, increase its accumulation, 

which, in turn, increases gr. Moreover, if we take only one mean for HC accumulation 

(schooling or OJT), then we can under or over estimate the growth of HC, and so make 

mistakes on the value estimates for price indexes, interest rate, growth rate and so on. 

It is clear that the steady state growth is affected by HC accumulation technology. 

We can go further by stating that it is also affected by the structure of the HC at work. In 

fact, its structure actuate directly in the FGs price indexes, pm, and so on the steady state 

growth rate, through its impact on the direction of the R&D activity - e.g., equations 

(2.48) and (2.54).115 In this sense, our framework is in line with the literature considering 

that HC is important for long run growth and influences it by both channels, as a 'flow' 

and as a 'stock'. Nevertheless, as pointed out by Aghion and Howitt (1998a, chap. 10), 

they have starkly different implications for the effects of HC investment decisions made 

in labour markets on long run growth. Current investment (by raising the level of HC) 

leads, on the one hand, to a one time surge in output as new HC is applied in production 

and, on the other, has a permanent effect on TK change and hence on economic growth. 

3.2.2. Steady state effects 

We now come to the technological implications of steady state growth in the South, 

since goods, assets, HC as well as TK do not flow from South to North.116 

Southern growth benefit with North-South technological knowledge diffusion 

In order to look at the steady state effects of international TK diffusion we must 

investigate gr further. To this end, we start analysing the Southern growth benefits with 

imitation. Since there is a common steady state growth rate, we can compare the steady 

state interest rate in equation (3.3) with the one that would prevail without international 

flow of goods and assets, as well as TK.117 In this case, in an optimistic scenario the 

probability of successful imitation collapses into an inefficient Southern probability of 

successful innovation, where backwardness and 'imitation capacity' disappear.118 That is, 

the experience-adjusted probability of successful imitation, <£>p, changes to o*p = J3P Çj,1. 

The increment in the steady state interest rate, from no imitation to imitation, depends on: 

115 And, consequently, on intra-country wage inequality - e.g., equation (2.32). 
116 Relatively to the latter - i.e., the TK - it does not flow freely (from the North to the South, since there is 
an associated cost of imitation). 
117 For example, we can suppose that there is total international IPRs protection. 
118 

That is, if there is no TK diffusion, we assume that the South can do R&D innovation activity in such 
away that it is less efficient than the North. Otherwise, we could assume that there is no R&D in the South. 
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where pf^p and pfs are the steady state index price of the FGs produced with m-type of 

HC in the South without imitation possibility and in the autarkic North, respectively. 

While effective evaluation of equation (3.7) requires solving for transitional dynamics 

through calibration and simulation, we can, however, emphasise that Southern imitation 

benefits the Southern steady state growth rate. In fact, previous assumptions with regard 

to (i) exogenous productivity variables, A/ > AP, (ii) HC share in production, lia > 1, and 

(iii) learning to past successful research spillover and fixed cost of successful research 

parameter, /?, Ç'1 = J3P Ç~', lead to this result, considering that the influence of the steady 

state index price of FGs are of second order. As figure 3.2a below shows, TK diffusion 

benefits the (steady state) growth rate of both Southern quality indexes. 

In short, without international flow of goods, assets and TK diffusion, divergence 

would occur between countries. International TK diffusion is sufficient to bring about 

steady state interest rate equalisation. Moreover, as will be apparent later on, in this case 

the Southern growth rate exceeds the autarkic (steady state) Northern growth rate during 

its transition to steady state and falls gradually toward the steady state, as was implicit in 

figure 3.2.119 Thus, our framework is in line with Durlauf and Johnson (1995), Evans 

(1996) and Quah (1996, 1997), among many others, since they have argued that the data 

supports a theory of 'club convergence' - i.e., that some countries are converging to a 

parallel growth path, while the gap between these countries and the poorest countries of 

the world - which are distant from the TK frontier - is steadily diverging over time. 

Other comments on convergence between countries 

By setting gr or rss in both countries - in equations (3.3) or (3.4) - equal to each 

other, we can get an equation for the steady state South-North quality index ratio, QJm" : 

g2(QjmS\d) 

As occurred in the previous case, evaluating equation (3.8) obliges us to solve for 

transitional dynamics. We can, however, make the following four related comments. 

nv Considering that %s and %T are both functions of the domestic TK progress, then outside - during the 
transitional dynamics to - the steady state, the South could accumulate more HC than the North. By this, it 
could speed up the process of convergence - more HC (stock) helps the imitation capacity, remember. 

~Õ2+QJ _ P, CP gjm.iwrr*' nmSS A Pi AI 

CIPP exp(PE) 
(3.8) 

i p / 
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(i) As the differences between countries are in the respective R&D activities, QjmSS is 

directly related with the relative profitability of R&D in both countries. 

(ii) The left-hand side term decreases when QjmSS increases. Consequently, a higher 

P/>, a good imitation capacity and a lower t,p implies a higher probability of successful 

imitation - a lower value of the right-hand side term - and so a higher QJ"'SS. Contrarily, 

a higher f}/ or a lower Ç/ generates a higher probability of successful innovation and so a 

smaller QjmSS, although a higher common steady state growth rate. The impact of AP and 

Aj is similar to pV and (3/, respectively, but now, this occurs because they are an incentive 

to R&D activities by reason of their influence on monopolistic profits. 

(iii) If the steady state South-North quality ratios are less than one, the South will 

remain the imitator country and its income level will be smaller than the Northern 

income level, but both countries grow at the same rate. In this case, the North never has 

an incentive to imitate, because foreign TK to imitate never exists. Thus, there will be 

convergence in growth rates but not in levels - i.e., conditional convergence occurs.121 

Previous assumptions with regard to exogenous levels of productivity, A/ and A/>, and in 

the experience-adjusted probabilities of successful research, 4>/ and Op, tend to keep the 

North as the innovator country, as is clear in figure 3.2b below. This is consistent with, 

for example, the empirical findings of Barro and Sala-i-Martin (1991). 

(iv) Since the South tends to reach the (world) steady state with conditional 

convergence, to get farther, it can resort to two potential paths, either by becoming an 

efficient innovator or improving its imitative activity. Given its stage of development, its 

innovative activity is neither very efficient nor easy to enhance. Hence, it is preferable to 

upgrade its imitative activity, which can be obtained with free IT - see the next chapters. 

Figure 3.2 compares the steady state paths of the quality indexes in both countries. 

Time zero, to, corresponds to the South's move towards international TK diffusion. If the 

South is not too backward relative to the North, imitation is possible and its TK indexes 

growth at higher rates during its transition to the steady state and fall gradually toward a 

higher steady state. Thus, the TK of the South converges toward that which exists in the 

North, although the latter remains higher due to the Northern CA in innovation. 

120 Note that changes in AP, pV, Ç,P, and in the imitation capacity do not affect the steady state growth rate. 
121 If the steady state South-North quality ratios are >1, the South takes the leader position once the steady 
state South-North quality ratios are =1. This will be a one-time switch with the (prior) South remaining in 
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Figure 3.2. Steady state behaviour of the domestic technological knowledge index, Q
J
" 

a) Steady state growth rate b) Steady state level 
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We leave other comments on the steady state paths for the versatile-specialised TK 

bias, QJV"°S/QJSH", for the transitional dynamics. It is crucial to the steady state path of 

relative wages, since with the relative prices of FGs constant, the direction of TK bias is 

the sole determinant of the path of wage inequality - e.g., equations (2.31 ) and (2.32). 

Final goods price indexes, pattern of production and relation with technological knowledge 

Due to substitutability between ST and VT and complementarity between types of 

IGs and types of HC in the production function (2.1), prices of FGs indexes, pm, and the 

technology threshold, N, are determined by the combination of the two types of TK with 

the respective HC employed - e.g., equations (2.22) and (2.25a-c). From equation (3.1), 

such steady state combinations remain constant in each country and, thereby, so do N and 

prices. It is now our aim to find steady state expressions for these variables. 

Equalling the steady state growth rates of (^SHSH{.\w) and (^"VHi.\w) in the 

North, we get an equation which relates the steady state price indexes, p7
m", as: 

Jla , 7 / c t 

sh Pi - vh Pi A; (3.9) 

where : A; = ■ 

9 VH ll/<t>l , + uT(VH) 
us{VH)\ 
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+ 0
s
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r
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the leadership position from that time on since it must have the CA in innovating so as to leapfrog the 
(prior) North. The world steady state growth will then be determined by the new innovator country. 
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Together, equations (3.9) and (2.25a, b) allow us to obtain an equation for the 

steady state Northern threshold FG, Nf. Given the resulting equation and taking into 

consideration that in steady state both countries enjoy the same interest rate and growth 

rate, we can also get an equation for the steady state threshold FG gap, Nss. That is, 

Nf = -7 2 
sh + vh + 1 

v A ; 

Where: A*. A, 

Nss = 

and 

Nt 

Nf 
N 

sh + vh 
A* 

1-QS 

+ 1 

+ Q* 

4 sh 
(3.10a) 

(3.10b) 

g][SH(.\wysf' 

exp(-l) nss = 
g2(QjS\d) 

-]-ã2+QJi 

gl[VH(.\wrr S2(QjVH,d) 
-Õ2+VV 

In equation (3.10a), we bear in mind that Nf is between 0 and 1. It shows that the 

threshold FG in the North on the BG path is constant, as are the FGs price indexes, p™ss, 

in equation (3.9) and (2.25a-c). The outcome of equation (3.10b) demonstrates that NS
P

S 

is equal, greater and smaller than Nf when Qss is equal, greater and smaller to 1, 

respectively. In any case, Nf and pfs are also constant. Furthermore, they are affected 

by the North, and so, as a result of TK diffusion, the Southern productive structure and 

prices are conditioned by the North. Assuming that the North is already in steady state at 

time to, it remains there, since it is unaffected by imitation. If this is so, it is expected that 

the TK diffusion cause some convergence in the structure of production and prices 

between countries. In short, Np and pp are defined by both TK and HC levels in both 

countries,122 but there are no immediate changes in the Southern levels of TK and of HC. 

Given the steady state value of Nf and equation (2.22), we can write: 

Q J™" f 1 AJSS\2 , i.rrr , I x„ V 7 
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sh 
vh 
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SHz(.\wY 

(3.11) 

Equation (3.11) tells us that the steady state domestic versatile-specialised TK bias 

depends on the threshold FG and on the domestic relative structure of the two types of 

HC. It confirms that TK progress will be endogenously biased towards the scarce HC. 

122 In consequence, Southern individuals can immediately adjust the path of time allocation. 
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Wages: inequality and growth rates 

Besides, equation (3.11) together with equation (2.32) gives the following relation 

between the versatile premium and the domestic relative abundance of VH over SH: 

w 
,VH

S 

Z  
( 

WZ 

i-m 
Nss 

VHz(.\wY 
(3.12) 

SHz(.\wT 

Comparing equations (3.12) and (2.32), which specified the versatile premium 

(intra-country wage inequality measure) as a function of relative domestic HC stocks and 

relative domestic quality indexes, now the relation between the versatile premium and 

the relative domestic HC stock is less elastic: -1 < -1/2. That is, the demand long run 

curve is less elastic when the domestic quality indexes adjust - Appendix 2, section 

A2.3, gives us an overview of the effect a rise in m-type HC has on wages. We leave 

effective evaluation of equation (3.12) for transitional dynamics through calibration. 

Next we can define the relative factor shares: 
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This last equation states that with endogenous TK change, the shares of a factor in 

the output, Yz, will be 'directly independent' of its abundance and are constant. If 

Nsp>N,ss - which, as we will see later on by solving the model numerically, holds due to 

the starting conditions in equation (2.23) - then the VH share in Y is greater in the North. 

Together, equations (2.30) and (3.1) - or figure 3.1 - indicate that the steady state 

rates of growth of wages are equalised between countries; i.e., 
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This can be regarded as a Schumpeterian dynamic equivalent to the static factor-

price equalisation theorem - also called Samuelson theorem - due to international TK 

diffusion and even without IT.123 That is, in spite of international immobility of HC, the 

steady state growth of wages is common to both countries because their TK indexes grow 

at the same rate as a result of the international TK diffusion by imitation. Thus, 

(i) If the South cannot imitate since it is far from attaining the (Northern) TK frontier, 

then its TK change will be smaller and, thereby, its wages will decrease (diverge) relative 

to Northern wages (inter-country wage inequality results). 
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(ii) If the South can imitate, then its TK change will be greater and so its wages will 

benefit from the imitation activity. Moreover, since the South grows faster during the 

transition towards the world BG path, there is convergence in wages between countries. 

In any case, a wage differential remains between countries in steady state - maintenance 

of inter-country inequality. This is to be expected from the conjunction of international 

immobility of HC, differences in the exogenous productivity variables, Aj > Ap, HC share 

in production, 1/a > 1, and differences in available TK. In fact, from equation (2.31), 
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In equation (3.15) we take into consideration that the effects of the FGs price 

indexes on wage differential between countries are of second order. We can evaluate this 

equation later on - i.e., in section 3.4 - by transitional dynamics through calibration. 

3.3. Some extensions 
3.3.1. Overview 

In this section, we proceed to incorporate two extensions into our framework. They 

are included here because each one is first analysed in the steady state, and then they can 

be evaluated numerically later on in the transitional dynamics through calibration. 

The first, in subsection 3.3.2, concerns the analysis of the pattern of both the cross-

FGs total factor productivity (TFP) and aggregate TFP between countries. 

The second, in subsection 3.3.3, discusses the world consequences of a new GPT. 

In particular, we find its implications for growth, levels, inter and intra-country wage 

inequality, structure of production and productivity differences in two possible scenarios. 

3.3.2. Final goods and aggregate productivity differences 

The literature shows that there are large productivity differences between countries. 

However, most of this literature highlights the international disparities in the aggregate 

TFP - e.g., Bernard and Jones (1996a, b), Hall and Jones (1999) and Acemoglu and 

Zilibotti (2001). A more detailed analysis is found less often. For example, in the three 

works quoted, only the last one, which here we follow as closely as possible, analyses the 

cross-FGs TFP differences and includes both Northern and Southern countries. 

123 The static factor-price equalisation theorem states that free IT equalises factor prices between countries 
and thus serves as a substitute for international factor mobility - e.g., Chacholiades (1990). 
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We find some measures for evaluating the equilibrium pattern of cross-FGs TFP 

and the equilibrium aggregate TFP in each country, for given TK and HC at work. After 

that, we use them to analyse the steady state TFP differences between countries. To this 

end, in line with the assumptions applied - i.e., as a result of starting differences between 

countries including starting conditions in equation (2.23) -, we point out that (i) QJmSS< 1 

- i.e., the South stays imitator; (ii) &SS>1 - i.e., VHSS QJVIiSS<SHss QjS"ss. Thus, NSS>1, 

Np> Nf, pf > psH and Pf < pva - e.g., equations (2.22), (3.10b) and (2.25a, b). 124 

Final goods productivity differences 

Starting with the equilibrium pattern of cross-FGs TFP becomes useful in 

clarifying the origins of the productivity differences in the world. The TFP of the 

representative FG firm n, TPFn, is the share of its output in value terms that is imputable 

neither to the respective 'physical inputs' - i.e., without the IGs input - nor to the 

individuals input per se. In our case, to produce the nth FG, individuals contribute in 

terms of embodying HC, and not in physical terms; i.e., if they do not embody HC 

they do not produce. Thus, as will be shown below, the output of the nth FG in value 

terms can only be decomposed into two components: (i) the TFP and (ii) the IG input. 

In short, the TFP will then be particularly related to the TK embodied in the IGs 

and to the HC embodied in the individuals or, in other words, the TFP in the n* FG 

increases with greater TK - i.e., with better quality-adjusted IGs - and with greater HC 

accumulation - i.e., with better productivity by individuals. By definition, the IGs input 

used in the production of the n FG is Xn(t\m)= \ xn{k,j,t\m)dj, where xn(k,j,t\m) 

is given by equations (2.12a, b). So - omitting the country and time indexes: 

xr = 
Pn(t)A(l- a) 

«a-o 
'Pn(t)A(l- -a) 

qd-sx) 

1- a 

1-a 

(l-n)shSHn(.\w) QjS 

nvhVHn(.\w) QJV 

O-a) 

d-a) 

if 0<n<N 

if N <n<l 

(3.16) 

1 In addition, we consider that s7í" Q->s"ss - as expected - is smaller than 1 or not as great as 1. This 
assumption, as well as (i) and (ii), are confirmed in transitional dynamics analysis through calibration. 
125 And, recall, SH{t \w) = f SHn(a,t\w) da and VH{t | w) = ^VHn(a,t\w) da and ae [0,1] in I and P. 
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th With the help of equations (2.20a, b) and (3.16), we separate the output of the n 

FG in value terms, obtained by multiplying equation (2.17) by the respective price, pn, (i) 

into the TFPn and (ii) into just one 'physical input' related to IG: 

PnYn 

TFP„(.\SH)Xn(.\SH) l-a if 0<n<N 
(3.17) 

TFPn(.\VH) Xn(.\VHY~a if N<n<l 

Where: TFPn (. | m) = A p' Qjm m mn(.\w) 

Equation (3.17) provides two main conclusions, which are shown in figure 3.3a 

below. In the first place, it guarantees that, in equilibrium, all FGs in each country have 

the same TFP. In fact, considering equations (2.20a, b) and (2.25a, b), we have that: 

TFP„(.\SH) __ A p SH 

TFPn(.\VH) A pv 
QJ shSHn(.\w) 

= 1 (3.18) 
QJ vhVHn(.\w) 

In the second place, in steady state, the TFPn is greater in the North. We arrive at 

this conclusion by combining our assumptions relative to the features of the countries, 

the first conclusion in equation (3.18) above, and equations (2.25a, b). Thus, we obtain: 

2a TFPnP(.\SH)s 

TFPnI(.\SH)s n<Nf Aj \_N 
QJ SH(.\wY <1. (3.19) 

From equation (3.18) the equilibrium TPFn is the same for all FGs in each country, 

and from equation (3.19) in steady state it is greater in the North, for n < N™. The steady 

state TPFn will thus be greater in the North in all ns, 0<n< 1. Equation (3.19) clarifies 

the origins of the TFP differences between countries, which stem from: (i) exogenous 

productivities, As; (ii) available TK, Qs; (iii) HCs at work, ras(.|w); and (iv) differences 

in the productive structures, TVs. N can be also used to measure the extent to which VH 

and SH are employed in FGs for which they may or may not have CA. 

Furthermore, based on our previous analysis, we can define the physical TFP 

(PTFP), in FG n as PTFP„ (.|m) = TFPn {.\m)lpn, and then we can write that: 

PTFPn{.\m) 

A PSH 
A 

Pn 
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A 
pVH-
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Pn [ 

QjSHshSHn{.\w) 

QJVHvhVHn{.\w) 

= A (l-n)QjSHshSHn(.\W) 

nQJVHvhVHn(.\w) 

if n<N 

if n>N 
(3.20) 
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In relation to the FG TFPn, we obtained several different conclusions, which are 

shown in figure 3.3b below. Firstly, in order to compare the PTFP of the different FGs in 

each country, we also use equations (2.20a, b) to give: 

QJs"shSH(.\w) PTFPn (. | SH) _ 
PTFPn(.\VH) ' 

1-n 
QJmvhVH(.\w) 

a 
~1-N~ a 

'1-n' a 
N 

N n J-N, 
(3.21) 

Hence, in each country, when n ï N there are, at the most, two FGs with the same 

PTFP.126 In the particular case when n = TV the ratio in equation (3.21) is equal to 1. 

Secondly, the steady state PTFP is also higher in the North than in the South in all 

FGs. Thirdly, comparing the three cases, n<Ni, Ni<n<Np and n >Np, we find that the 

difference increases between N/<n< Np, and after Np it remains constant. Formally, 
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(3.22a) 

<r, (3.22b) 

* j™ ar ra,(» < ; . (3.22c) 

The last conclusion occurs because FGs between Nj<n<Np are produced by VT 

in the North, whereas in the South they are produced by ST. 

Figure 3.3. Final goods total factor productivity (TFP) and physical TFP patterns 

a) Final goods TFP b) Final goods physical TFP 
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In figure 3.3b, areas a+b must be equal to area c. 
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Still concerning the last conclusion, we note that the result in equation (3.22a) for 

n < Nf, is immediate, since AP < Ah Nf < Ns
p

s and QJSH" SH < 1. Next, by computing 

the ratio between equations (3.22a) and (3.22b) and between equations (3.22a) and 

(3.22c), we find that, for n>Njs the difference increases until n = Ns
P

s, where it stops. 

Hence, as shown in figure 3.3b, we can state that the source of this increase is the use of 

SH - and so ST - in some FGs in the South, which use VH - and so VT - in the North. 

Aggregate productivity differences 

The equilibrium FGs TFP can be translated into a measure of aggregate TFP. In 

view of Y = exp ÇlnpnYn(.\SH)dn+j,
NlnpnYn(.\VH)dn , equations (2.20a, b), 

(2.25a, b) and (3.17) and using some additional algebra, the resulting expression is: 

Y = TFP X(.\SH){1^)N X(.\VHf-a)U~N). (3.23) 

Where : TFP = exp f lnTFP„ dn + lnTFP„ dn 

A exp (-a) 
r \N r 

3 SH(.\w)shQJ VH(.\w)vhQjV' 
l-N 

N -(2N) (l-N) -2U-N) 

We refrain from computing the steady state ratio between the aggregate TFP in 

both countries. In fact, since they produce the same number of FGs and, in steady state, 

the North has higher TFP than the South in all FGs, then the aggregate TFP must also be 

higher in the former country than in the latter. In any case, it is apparent from (3.23) that 

differences between countries again stem from differences in A, Qs, ms and Afe. 

We can compute other - perhaps simpler - measures of aggregate productivity. We 

are referring to the aggregate output per individual, Y;121 the aggregate output per HC 

occupation at work, y = {Y [SH + VH] /[SH(. \ w) + VH(. \ w)]}, which is also an indicator 

of the aggregate output per individual working; and the aggregate output per efficiency 

unit of HC occupation at work, y°ff s {Y [SH + VH] /[shSH(. | w) + vhVH(. \ w)]}, which is 

also a measure of the aggregate output per efficiency unit of individual working. 

Since both economies are populated by a unit mass continuum of individuals, 

although each has a different cognitive ability, then equation (2.28) also gives us the 

product by individual and, in addition, we can easily calculate y and yeff. The steady state 

127 As the population is stable, the growth rates of an aggregate variable and its per capita value are equal. 
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ratios for each of these three measures of aggregate productivity in both countries are 

given by the following two equations because YP/Yj and yplyi are equal: 

ys; 

,eff 

yf Y,' 

r y; 
T 7 V.V / 

P_ 

\"I J A QjSBmm.WY Ns 
KiyP J 

<1\ 

SH;S +VH; 

SH" + VHf 
shSHj{.\w)a + vhVH,(.\w)s 

<1 

(3.24a) 

(3.24b) 
shSHP(.\w)ss + vhVHP(.\w)s 

According to our previous considerations, equations (3.24a, b) show that aggregate 

productivity is greater in the North than in the South, regardless of the measure used. 

Thus, at FGs level and at aggregate level, the productivity is greater in the North relative 

to the South. This is caused by differences in the available TK, in the levels of HC at 

work, in the exogenous productivity, A, and in the threshold FG, N. 

In the literature, most works view TK and HC differences as the most important 

causes of the large disparities across countries, or find evidence for this situation - e.g., 

Romer (1993), Caselli et al. (1996) and Hall and Jones (1999). In our case these causes 

are represented by differences in Qjm and in m(.|w). 

In Acemoglu and Zilibotti (2001) all countries have immediate access to the same 

TK developed in the North. However, this region is abundant in skills and the market 

size channel implies that it tends to develop relatively skill-complementary technologies, 

which are not suited to the needs of unskilled workers performing these tasks. Importing 

inappropriate TK - i.e., owing to the mismatch between TK and skills - leads to a lower 

productivity in the South. A number of other papers have emphasised the importance of 

the appropriateness of TK - e.g., Diwan and Rodrik (1991) and Basu and Weil (1998). In 

our case, differences in N between countries are related to this idea. 

Other works suggest that a large component of the productivity differences across 

countries is due to A - e.g., Golub and Yeaple (2002). Bearing the last section in mind, it 

is clear, for example, that an exogenous improvement in A/ helps the steady state growth 

rate in both countries, although it does in fact expand the productivity gap between the 

countries. On the other hand, an exogenous improvement in Ap does not influence the 

world steady state growth rate, but it does depress the productivity gap between countries 

directly and indirectly because it increases the steady state TK in the South. 

Finally, as the steady state interest rate is constant and common to both countries 

and the productivity differs, differences are reflected in wages - which increase steadily. 
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3.3.3. Consequences of a new General Purpose Technology 

In this subsection, we extend the framework developed so far to analyse the effects 

of the introduction of the new GPT. However, contrarily to current literature, which 

focuses analysis on developed countries, the structure of our framework allows us to also 

observe the effects on less developed countries. Thus, we want to explore the world 

implications of the new GPT which is not contained in the literature. In order to simplify, 

we focus the investigation on the successive steady states that emerge. 

So as to analyse some consequences of GPT, Helpman and Trajtenberg (1998) 

present a general equilibrium framework that incorporates the concept of a GPT in a 

R&D growth model directed at developing new, horizontally differentiated goods. They 

consider that there is one composite FG produced with both a GPT and a variety of 

compatible IGs. Nevertheless, when a new GPT arrives, it cannot be used immediately. 

In fact, as David (1990) argues, it may take several decades before major technological 

innovations can have a significant impact on macroeconomic activity.128 Moreover, they 

only consider the existence of one economy. Hence, they cannot explain the international 

effects of a new GPT, such as on the world growth rate, on the productivity differences 

between countries, on inter and intra-country wage inequality, and so forth.129 

In line with Helpman and Trajtenberg (1998), we assume that each FG n is also 

produced with the aid of an available GPT, which can be used because it is compatible 

with the domestic TK. Then, in order to keep things as simple as possible, we consider 

that the switch to the new GPT occurs after the aggregate domestic quality indexes reach 

a certain minimum value. After this point, the new GPT can be exploited and final output 

goes up (boom). In short, in line with the literature, our approach to modelling the GPT 

has three features: (i) new GPT acts as an exogenous 'engine of growth'; (ii) it can take a 

large amount of time for a new GPT to be introduced; (iii) at least after a certain point in 

time, new GPT is beneficial to large or all FGs in each country (generality of purpose). 

This last feature compels us to divide the subsection into two parts or scenarios. In 

the first - briefly explored -, the new GPT is beneficial to all FGs at the same time, in 

each country. In the second - analysed in greater detail -, first new GPT is beneficial to 

some FGs and only later it is beneficial to the remaining ones, in each country. 

Moreover, the use of a new GPT first occurs in the North. This division has formal 

David (1990) describes a pre-paradigm phase of twenty-five years in the case of the electric dynamo. 
129 Such as the pattern of specialisation, which will be analysed in chapter 5. 

Bearing in mind that the domestic TK is measured by the available aggregate quality indexes. 
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implications with crucial impact on the versatile premium (intra-country wage inequality) 

for some time, which, however, can be a long period of time, in each country. 

Regardless of the number of phases considered, we assume that the model has 

steady state equilibrium in each one. That is, the steady state is reached more rapidly than 

some fresh incorporation of the new GPT in production. At the final steady state, the 

long run growth rate is higher in both countries, relative to the initial steady state. 

We begin the analysis considering that countries are in a previous steady state at 

time fs, producing FGs with an old GPT when a new, more productive, GPT arrives 

unexpectedly (exogenous). To introduce the productivity level of a new GPT, we assume 

that under the new GPT the (exogenous) productivity level in the production function 

(2.1) is given by AZ
G, where AZ

G = Az y and y> 1 - from now on, the index NG 

represents the value of the variable or of the parameter under the new GPT. Moreover, 

the quality index k must be equal to or greater than kr, where & > À^ and tí4 is the lowest 

rung of a quality ladder necessary for the IGy in order to use the new GPT - i.e., kM is the 

minimum quality rung developed in R&D which is compatible with the new GPT. 

1st scenario: New GPT is beneficial to all final goods at the same time 

Since the introduction of the new GPT depends on the measure of the domestic TK 

compatible, the switch to its use occurs only after enough successful research has taken 

place. Here, we assume that this occurs simultaneously for all FGs, regardless of the 

technology - VT or ST - used by them, in each country. Thus, the production for the nl 

FG under the new GPT, Yn
N

z
G, is again given by equation (2.2), but now the exogenous 

productivity level is A"G (> Az ) and k > AT . Then, bearing chapter 2 in mind, from the 

time of the use of the new GPT until the arrival of a new GPT, equation (2.17) becomes: 

Y = 

l-a 
iNG O/a) 

iNG Ola) 

(l-n)shSHn(.\w) QjS" if 0<n<N 
(3.25) 

nvhVHn(.\w)QjV if N<n<l 

131 Nevertheless, we must note from the previous analysis that the non-arrival of the new GPT does not 
reduce the long run growth rate to zero. 
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In equation (3.25), Qjm must be at least equal to (or greater than) QJ™, 

QJm > QJM,ni where QJ% = (qkMUAm)[u-a)ia]dj i s t h e m . t y p e aggregate domestic 

minimum quality index or TK compatible with the new GPT, and, supposedly, QJM 

and QJMH occur at the same time.133 This is true because, when comparing the production 

in equations (2.17) and (3.25), we take it that, as long as QJM occurs, the new GPT will 

be used in producing FGs, since A^G is greater than Az. 

We let Az represent the time which is required to reach QJM from the previous 

steady state in country Z - i.e., for <2z""= ôy™ . Thus, without any new unexpected GPT, 

the new GPT generates three distinct phases, as figure 3.4 shows. 

Figure 3.4. Phases generated by the new GPT in the time horizon 

K-r , New New 
{!!££ GPT GPT 

used in / used in / and P 
1 1 1 > 

tss Phase 1 tss + A; Phase 2 tss + AP Phase 3 

In phase 1, during [fs, fSi+A/), the old GPT continues to be used in both countries. 

In phase 2, during [f+Ai, fs+AP), the new GPT is used only in the North, since it is the 

TK leader country. In phase 3, from fs+Ap at least until new GPT arrives,134 the previous 

GPT is used in both countries. In the next step, we analyse the effects of the new GPT on 

the steady states of each country in each phase and table 3.2 below sums up the results. 

1st scenario, phase 1: the old GPT is used in both countries 

Since, by assumption, in this phase the TK existing in both countries is smaller 

than the compatible TK associated with the new GPT, they continue to use the old GPT. 

The previous steady state analysis stays valid with one single difference, since we 

have assumed that %s and %T are proportional to the 'knowledge pool' provided by the 

state of the known GPT. Thus, considering that there is a level jump in %s and %T when 

132 At the time of the introduction of the new GPT, Qjm must be at least equal to QJu . 
13 Note that if some type of TK (for example, versatile TK) is more advanced in the previous steady state, 
here we implicitly assume that its TK compatible with the new GPT is also greater than that in the other 
type and, consequently, that they achieve TK compatibility at the same time. 
13 For simplification, we assume that some (eventual) new GPT arrives only after phase 3. 
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the new GPT arrives for XsG>Xs ani* XTG>XT>135 respectively, the only change from 

the earlier analysis is that now the new temporary steady state world growth rate, 

£rzlptai ' *s unambiguously greater that before - see equation (3.4) and table 3.1. 

In short, in this phase, the new GPT confers a 'dynamic benefit' - 'growth effect' -

on both countries with a positive impact on industrial - i.e., on FGs - as well as on 

aggregate productivity. However, as the new GPT is not yet used in the production and, 

in particular, the R&D firms are generating new successful researches so as to reach the 

qualities that are compatible with the new GPT, we can state that it is a 'time to sow' 

(with some 'reap') for both countries, using Helpman and Trajtenberg (1998) words. 

1st scenario, phase 2: the new GPT is only used in the North 

Since the North is a TK leader, Q\m > QJ
p
m, it reaches QJM at time t = tss+A, and 

does so before the South. Thus, as at time t = fs+A/ the North is using a new GPT, its 

output rises (jumps), which can be thought of as the 'static or level gain' from new GPT 

- i.e., the equilibrium value of Y\ in equation (2.28) jumps to YfG due to AfG. 

Follower IGs firms, which support the R&D costs, behave as before, except that 

now they expect greater profits, due to the increased productivity level of a new GPT, 

leading to a great rate of innovation. Therefore, the equilibrium probability of successful 

innovation pbjim) in equation (2.48) increases to pb^G(m). Hence, the new Northern 

steady state growth rate increases again as a result of the introduction of the new GPT on 

the production side - i.e., a new 'growth effect' occurs in the North. 

In brief, relative to the successive steady state growth rates, gr^hase2 > gr*%mel > gr, 

occurs. This happens because, when the new GPT is used in production, it confers a 

(new) 'dynamic benefit', in addition to the 'static benefits'. This in turn improves, with 

greater intensity than in the last phase, both the industrial and the aggregate TFP in the 

North. As Helpman and Trajtenberg (1998) would say, it is a 'time to reap' for the North. 

As the TK in the South is distant from QJM , it remains unable to use the new 

GPT. Consequently, it continues to be a 'time to sow' for the South, during which it does 

not benefit from a 'static gain'. However, as the TK gap between the countries is 

constant in steady state and the TK progress in the North increases at a higher rate than 

135 The assumption that %s and %T jump immediately the new GPT arrives implies that also u^a/u^G in 

equation (2.65) can change. This assumption is, however, a very optimistic point of view, and more so 
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before, the same must be true in the South. In other words, the use of the new GPT by 

the North results in a new positive 'growth effect' in the South as well, yielding a higher 

common steady state growth rate. Hence, TK diffusion emphasises the importance of the 

new GPT in this phase, because it turns out to matter not only at home - i.e., in the North 

- , but also abroad - i.e., in the South, which expands but does not quite reach its full 

'reap' capacity: gr,%ase2 = grP%se2 > gr,%ase: = grP%asel > gr, = grp. 

Moreover, this allows the South to attain QJM in less time. Nevertheless, as 

A?G> Aj, the TK gap between countries becomes wider - e.g., equation (3.8). Finally, in 

terms of both the industrial and aggregate productivity differences between countries as 

well as inter-country wage inequality, it is clear that these also widen. 

1st scenario, phase 3: the new GPT is used in both countries 

This phase does not affect the North and so it remains on the path reached in the 

previous one. But, what happens in the South? It reaches QJM at time t = tss+AP and 

uses the new GPT, which confers a level jump on its equilibrium output - 'static or level 

benefit' - from Yp in equation (2.28) to YP
NG. Moreover, since imitator firms behave as in 

the previous case, then the greater expected profits resulting from the increased 

productivity level of a new GPT lead to a reduction in the TK gap between countries.137 

This, jointly with the directed effect induced by the greater productivity level of the new 

GPT, leads to a decrease in the differential of productivity between countries as well as 

in the inter-country wage inequality. It is a time for a full 'reap' in the South. 

Table 3.2. Main results obtained in each of the three phases 

Phase 1 Phase 2 Phase 3 

Time to sow In both, / and P InP — 

Time to reap In both, / and P In P, but more in / In both 

Growth effects In both, / and P In both — 

Level effects — In / InP 

Inter-country wage inequality — t i 
Productivity differences — Î i 

considering that this is held for both countries. 
136 I.e., the South reaches a new steady state in this phase before it is TK compatible with the new GPT. 
137 Now, there is no 'growth effect' in the South - the steady state growth rate is again the Northern steady 
state growth rate. The use of the new GPT reduces however the TK gap between countries - i.e., the 
positive effect of greater AP

G in grP is equal to the negative effect of the reduction in the TK gap in grP. 
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2 scenario: First the new GPT is beneficial to some final goods at the same time 

In line with Acemoglu (1999) and Kremer and Maskin (1999), who provide 

evidence indicating a number of organisational changes in the U.S. economy during the 

past 25 years,138 we assume that the new GPT is introduced first in the FGs, which use 

VT. We let A™ represent the time which is required to reach QJ™ from the previous 

steady state in country Z. Thus, until its full use in the world, the new GPT generates five 

potential phases with specific consequences during each one: [fs, fs+ A; ), 

[fs+ Af , f+ Af ), [tss+ AJ" , f+ AV
P

H ), [/"+ AV
P

H , tss+ Af ), and from fs+ Af on, as 

figure 3.5 shows. In phase 1, the old GPT continues to be used in both countries. In 

phases 2 and 4, the new GPT is only used in the VT in the North and in the South, 

respectively. In phase 3, the new GPT is introduced in ST in the North. In phase 5, the 

new GPT is employed in all FGs in both countries. 

Figure 3.5. Phases generated by the new GPT in the time horizon 

Only new GPT 

is used 

New New GPT Only new GPT New GPT 

GPT used in VT in / is used in / used in VT in P 
_ l 1 1 1 1 > 

t
ss Phasel tss+AV" Phase2 tss + AS,H Phase3 tss+AV? Phase4 tss + Af Phase5 

Next, we will analyse phase 2, since in phase 1 there are no differences in relation 

to the previous scenario. The main conclusions are summarised in table 3.3 below. 

2nd scenario, phase 2: the new GPT is only used in the VT in the North 

Assuming that versatile TK is greater than specialised TK, Q\ > Q\ , and the 

minimum TK compatible with the new GPT is the same for both, then the versatile TK 

must reach QJM at time r=f"+A/H and before the specialised TK. Therefore, the 

production functions for each FG n that uses VT and ST are given, respectively, by: 

Y™(t\VH)=A NG 
jVH 

{ 
1-a 

j qk^t\w) Xn(jj\vH) 
V 

dj nvhVHn(t\w) (3.26a) 

138 That is, old style production functions are replaced by new organisational production functions. See also 
Bresnahan (1999), Bresnahan et al. (2002) and Autor et al. (2003). 
139 I.e., by assumption the new GPT is used in the South only after it has been used in the production of all 
Northern FGs, since the latter is the TK leader, and any new potential GPT can only arrive after phase 5. 
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Yn(t\SH) = A-
JSHÍ 

J q«J>tUa) xH(j,t\SH) 
l-a 

dj U-n)shSHn(t\w) (3.26b) 

Where the quality index k is only equal to or greater than kM, k>l^, in all 

versatile-specific IGs. From equations (3.26a, b), it can be found that - where VNG 

means that the introduction of the new GPT has occurred only in VT: 

yVTVU _ 

, a/a) 
q(lsx) 

-,1-a 
(l-n)shSHn(.\w) QjS" if 0<n<N 

(3.27) 

iNG (Hoc) Pn(l-a) 
l-a 

nvhVHn(.\w)QjW if N<n<l 
qO-sx) 

In equation (3.27) we take it that QjVH > QJ™ .140 Following again the analysis in 

section 2.4 of chapter 2, the new expression for the threshold FG N e [0,1 ] is: 

r -[112 

n^vhVH(\uAfANG\la 

N VNG QjV" vhVH(.\w) 
QJSH sh SH{. | w) A 

V J 

(3.28) 

Equation (3.28) tells us that at the time the new GPT is introduced in VT, iV 

decreases. That is, FGs at the margin are moving from the use of ST to the use of VT. 

This is an expected result, since the introduction of the new GPT in VT makes this 

technology more productive and the expenditures across FGs are equalised. 

There is also a level jump in the North's output, thus resulting in a 'static' gain 

with the use of the new GPT in this country. In fact, the equilibrium value of 7/ in 

equation (2.28) jumps to Y™G in the equation below, where Qf™ > QJ™ : 

Yr=exp(-1) 
l-a 

qU~sx) 

l-a 

JSH 
Q, shSHjtlw)^ UI a) 

+ 
iVH 

Q\ vhVH,(.\w)AÍ NG Ola) 

(3.29) 

The wm is equal to its marginal product - where below V (S) before SH and VH 

means the value of variables after the introduction of the new GPT only in VT (ST) -, so: 

140 iHI „ ,VH 
Again QJ = Q]M at the time the new GPT is introduced and here, by assumption, the minimum TK 

compatible with the new GPT is the same for both technologies and so QJ™ =QJ™ =QJ" ■ 
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dY 
dSH(.\w) 

dY 

WVSH = BVNG QJSH sh SH(.\w) A) (lia) 
I 
2 shQJSHAi1/a); (3.30a) 

dVH(.\w) 
= W

VVH = BVNG QJVH vh VH(. | w) A™ Um 

Where: 5™° = exp(-l) 1-a 
1-a 

QJ
I
S"shSH!(.\w)A(,"a) 

vhQJVHA?G(lla); (3.30b) 

Qf\hVH,(.\w)Araia) 

Comparing equations (3.30a, b) with equations (2.29a, b), we observe that the 

price paid for each unit of both types of HC increases at the time of use of the new GPT 

by VT. Thus, both types of workers benefit, but the benefit is greater for workers who 

accumulate VH, since the versatile premium increases and so wjm > W, : 

rVNG _ WI 
.WH 

I = 
rQr^ 

w, ysH QÍ 
JSH 

vhVHj(.\w) 
shSHj(.\w) 

2 vh 
sh 

2a 

w VNG 

w, 
A; G A 

/=i"+AV . A> J 
2a 

> 1 

(3.31a) 

(3.31b) 

Hence, a possible explanation for the increase in demand for skills in the U.S. (and 

in other developed countries), more like our VH,141 despite an increase in the supply of 

skilled workers in its (their) labour market over the past half-century,142 is the use of new 

GPT only in the production of FGs which use 'skill (versatile) technology'. 

Moreover, computing the new versatile premium between countries, WVNG, we 

take it that, at the time of the introduction of the new GPT, the versatile premium 
VNG increases in the North - i.e., W <W since A" > Af. 

W VNG _ Wp _ 

w; VNG 
SHP(.\w)VHJ(.\w) 
SHI(.\w)VHP(.\w) 

jrn j , 

QP QÍ 
jVH rS 

Q{ QP 

,SH \ 

AT 
2a (3.32) 

For now, we only analyse the time of the introduction of the new GPT in VT. But, 

what happens in the steady state, supposing that it is reached before the use of the new 

GPT in ST? The steady state growth rates are given by the following equations: 

Note that we consider that the endogenous VH in our framework is more closely related with exogenous 
skilled workers than with the exogenous unskilled workers in the literature, and vice-versa for the SH. 
142 The increase in the relative supply of skills and the still greater increase in the demand for skills in 
developed countries is a stylised fact in economics -e.g., Acemoglu (2002a). 
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(3.33b) 

As equation (3.33b) shows, considering m = VH, A^G generates greater expected 

profits for innovator firms in VT. However, the fall in p]VH (it should be noted that Ni 

decreases) generates smaller expected profits. Therefore, for m = VH, there are two 

opposite effects on the expected profits. Considering m = SH, it is clear that the 

probability of successful innovation in specialised TK and, thereby, the growth rate, must 

be greater than before, since p^Sfl increases. In other words, there is only one effect here. 

This 'growth effect' shortens then the time for the introduction of the new GPT in ST. As 

for a unique steady state, the growth rate for m = VH - equation (3.33b) - and for 

m = SH - equation (3.33a) - must be equal, the positive effect of A^G must dominate the 

negative effect of pv™ in the growth rate given by equation (3.33b). 

To sum up, during this phase in the North there is both a 'level' effect and a 

'growth' effect in the output, FGs at the margin are moving from the use of ST to the use 

of VT, the versatile premium increases (although the price paid per unit of SH also 

increases) and its productivity is now greater. The South benefits from the increase of the 

TK progress in the North ('growth' effect) and, thereby, so do its workers. This shortens 

the time for its use of the new GPT. Due to A^G, productivity differences between 

countries widen as well as inter-country wage inequality. And, in addition, an increase in 

the TK gap between countries occurs too. In particular, the increase in the specialised TK 

gap between countries is quite obvious because pVjSH increases - see equation (3.8). Also 

the versatile TK gap widens since the effect of AfG dominates the effect of pj} ,VVH 
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What happens in the other phases of the 2n scenario 

To avoid unnecessary repetition, we will now give the main results for each of the 

remaining three phases. 

In phase 3, the new GPT is used in all FGs in the North. At this time and for the 

same reason as before, some FGs at the margin now shift from the use of VT to the use 

of ST. That is, both Nj and pf™ increase, contrarily to pf". Thus, there is again both a 

'level' and a 'growth' effect on its output, and the versatile premium decreases in relation 

to the last phase, although the price paid per unit of VH also increases. There is a new 

improvement in the North's productivity. The effects in the South are the same as those 

occurring in the last phase. In particular, the increase in the versatile TK gap between 

countries due to the behaviour of pf™ is now clear. However, an increase in the 

specialised TK gap also occurs since the effect of AfG dominates the effect of pfSH. The 

North is not affected by the introduction of the new GPT in the South. Consequently, it 

remains on the path reached in phase 3, as does the world growth rate. 

In phase 4, the new GPT is also used in the VT in the South. At this time and for 

the same reason as in phase 2 in the North, some FGs at the margin move from the use of 

ST to the use of VT. That is, both JV> and p^VH decrease, contrary to p%SH. This induces a 

'level effect' on its output, which increases its productivity and the versatile premium, 

although the price paid per unit of SH also increases. The inter-country wage inequality 

decreases. Finally, according to equation (3.8), the TK gap narrows between the 

countries, which compensates for the increase in productivity induced by the new GPT in 

the growth rate. Consequently, the 'growth effect' is as expected null. 

In phase 5, all FGs in the South use the new GPT. With its introduction in ST, 

some FGs at the margin now move from the use of VT to the use of ST. That is, Np 

increases. This again generates a 'level effect' on its output, its productivity increases and 

its versatile premium decreases as well as the inter-country wage inequality. At this 

phase, there is a new decrease in the TK gap between countries - see equation (3.8) -

that counterbalances the increase in productivity due to the use of new GPT in the growth 

rate. In other words, the South does not experience a further 'growth effect'. 

In particular, a new GPT provides a (possible) unified explanation for the changes 

in the structure of the price paid per type of HC and the (apparent) changes in the 

organisation of firms. Therefore, the above findings are in accordance with Autor et al. 
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(2003) and Aghion (2002), who argue that computers induced a change in the 

organisation of production by replacing unskilled tasks,143 and with Caroli and Van 

Reenan (2001), who provides evidence suggesting that changes in wages have been 

accompanied by changes in organisational forms.144 However, according to our extended 

framework, these changes are temporary, although they can occur over a long period of 

time. In more general terms, the concept of GPT enables us to see TK change as an 

irregular process that can have different effects on the economy at different times. 

Table 3.3. Main results obtained in each of the five phases 

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 

Time to sow In both I n / < P a ) InP InP — 

Time to reap In both I n / > P b ) I n / > P b ) I n / > P b ) I n / and P 

Growth effects In both In both In both — — 

Level effects — In / In / InP InP 

Productivity differences — T Î 1 I 

Versatile premium — T i n / X in / T i n P i i n P 

Inter-country wage inequality — t Î i I 

Threshold final good — ■I in / T i n / iinP T i n P 

Technological knowledge gap — t T i i 
Notes: the 'sow' in greater in the South; the 'reap' is greater in the North. 

Finally, note that the effect of a shock that increases the versatile-augmenting 

parameter vh has a similar impact to that which occurs with the introduction of the new 

GPT in VT. The main difference results from our assumption that vh is the same in both 

countries. Thus, the occurrence of this shock generates, in both countries, a positive 

'level' - e.g., equation (2.28) - and a 'growth' effect - e.g., equation (3.4) - , increases 

the versatile premium - e.g., equation (2.32) - and decreases the threshold FG - e.g., 

equation (2.22). Therefore, a shock in vh can be an additional explanation for the 

increase in versatile premium, but in this case, in both countries at the same time. 

143 Note that Aghion (2002) explicitly considers computers a GPT. 
144 It can be also considered that this agrees with a series of empirical studies which have documented the 
rise in wage inequality in the U.S. labour market and pointed to TK change, specially the development of 
microcomputers, as an explanation for such a rise - e.g., Bound and Johnson (1992), Levy and Murnane 
(1992), Katz and Murphy (1992) and Juhn et al. (1993). 
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3.4. Transition to and stability of the balanced growth path 
3.4.1. Overview 

Having established that in steady state there is a world growth rate common to both 

countries, we now need to find out whether each country converges towards that steady 

state (stability) or not (instability). More precisely, we wish to make a global analysis of 

the dynamics in order to identify the shape, slope and position of the stable arm, if such a 

stable arm exists, and we want to know how fast the countries converge towards the 

world steady state along the stable arm. Furthermore, we consider that the framework is 

better understood by means of the transitional dynamics analysis. 

Traditionally, the study of stability follows two main approaches: the qualitative 

(or topological) and the quantitative. The former consists of analysing the properties of 

the solution to a differential equation (system) without actually knowing the solution 

itself or trying to approximate it.145 The latter consists in trying to find the explicit 

analytical solution of the differential equation or in solving it by numerical method(s) -

or still to approximate it by using power series -, and checking whether the time path of 

the system converges to the steady state. Given the complexity of the model,146 we 

analyse the transition to and stability of the steady state numerically, displaying the 

model's precise time path for a set of baseline parameter values and a set of initial 

conditions. Moreover, we can use the numerical procedure to calibrate the model. 

In the present IT regime, when the countries are off the BG path, the adjustment 

process or the transition to it depends on the country considered. First, as a result of 

market incentives, countries converge to a unique stable country specific growth path, 

where QJ
Z

VH VHz(.\w) and QJ
Z

SH SHz(.\w) grow at the same rate.147 For the North the 

analysis ends there, since it is independent of the South - i.e., the unique stable Northern 

growth path is also the (world) BG path. However, the transitional dynamics in the South 

only ends when it reaches the world steady state growth rate established by the North. 

The process can be summarised as follows. Equation (3.11) can be written as: 

Q£_ VH£(Aw) 
QfSHíUw) 

1 - N S
Z

S 

Nss 
V iVz 

V 4 - <3-34> 
vn 

145 A « unr,„A „ „ „ „ „r—„„ J : „ „ . „ ~ J T : >„ <->nd . Approach based on, e.g., phase diagrams and Liapunov's 2n method - e.g., Gandolfo (1997, chap. 21). 

147 

146 The differential equations obtained tend to be non-linear and with variable-coefficients. 
Once the unique country specific growth path is reached, the ratio QJ VHZ (. \w)lQÍ SHZ (. | w) remains 

constant. In this sense the uniqueness of the growth path of each country is stable. 
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Let us consider that the country analysed is the North. Moreover, we suppose that it 

starts off its unique stable BG growth path; i.e., that equation (3.34) does not occur: 148 

iJ™ T / t J / I . . A ( 1 ^ 7 i î ^ 2 Qz VHz(.\w) 
QJ

Z" SHZ(. | w) 
< 

Ni 
sh 
vh 

(3.35) 

However, if equation (3.35) is true since, for example, SHZ(. | w) > SHZ(. | w), this 

immediately implies that equation (2.21) does not occur either. In this case, 

Pl_ 
P? 1-Nz

sj 
(3.36) 

The increase in relative price of versatile FGs expands the versatile-specialised TK 

bias, since the 'versatile' R&D is more profitable. Then, if equation (3.35) occurs, the 

market incentive will induce QJ™ VHZ(.\ w) to grow at a higher rate than Qz" SHZ(.\ w), 

until equilibrium is achieved when the unique stable country specific BG growth path is 

obtained. Besides, off the unique country specific BG growth path, the versatile premium 

is greater than if the country is on its own unique growth path - e.g., equation (3.12) -, 

and so the relative time devoted to work of VH tends to increase, uz(w\VH)l uz(w\SH) -

e.g., equation (3.6) - , and likewise the relative VHz(.\w), VHz(-\w)/SHz(.\w). 

In short, due to the action of market incentives, the North, which is never affected 

by the South, approaches its unique stable BG growth path in finite time. Without any 

exogenous disturbance, it remains there and so its unique growth path is also its BG path. 

At initial time, to, when TK diffusion becomes possible, the Southern threshold FG, 

Np, and so the price indexes, p™, are defined taking into account both TK and HC levels 

in both countries - i.e., due to TK diffusion the South is immediately affected by the 

North.149 Specifically, as at to the North is already in steady state, the South will firstly 

immediately converge towards a unique stable Southern growth path, such that from to 

on, both QpW VHp(.\w) and QJ
p
SH SHP(.\ w) grow at the same rate - i.e., from to on, 

NP/Np - pp/pp = 0. We highlight that NP in equation (2.22) at to can be written as: 

lL]-! 

QjVH(t0) vh VH(t0\w) QfH'Xt0) VHjitoW 
NP(t0) = 1 + 

QjS\t0) sh SH(t01 w) QJSH\t0) SHjito | wf 
= N;s(t0). (3.37) 

148 
149 

The plan to show that a country converges to the BG path if the sign in equation (3.35) is > is identical. 
By assumption there is no Southern adjustment cost at t0 or, instead, the South emerges in world at t0. 
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Formally, this implies that, for example, from to on and for both countries: 

)JVHf. N T7I-7 / . I . . A f 1 X1SU. \ \ 2 QJ
Z (t0) VHz(t0\w) 

QfH(t0) SHz(t0\w) Nz(t0) J 

S\- (3.38) 
vh 

Nevertheless, the South's process of adjustment does not stop there. It is on its 

unique growth path, but out of the (world) BG path defined by the North. In line with the 

literature - e.g., Barro and Sala-i-Martin (1997) - the South achieves higher growth rates 

than the North during the convergence to the world BG path. This is due to the potential 

proportioned by TK backwardness mirrored in the probability of successful imitation, 

which is greater than the probability of successful innovation off the (world) stable BG 

path. However, the probability of successful imitation changes with alterations in both 

the South-North TK gap and the gap in HC at work. Thus, there will be a transitional 

path for the South before reaching the unique world (or Northern) stable BG path; i.e., 

Qjm{ts
0

s) m,{ts
0

s\w) Q]
p
m{t0) mP(t0\w) , 

—^ + — 7 T T 7 < _ ^ + — , i N ' (3.39a) 
Qi (f") "* / ( ' " Iw ) QP (t0) mÁt0\">) 

Ùfito) , "/(CM _ è / V ) , mP(t"\w) , 
Q] (to) m,(tos\w) Qp (tss) mP(tss\w) 

Qf() | VHz(.\w) =QJ
Z

S"(.) | SHz(.\w) ( 3 3 9 c ) 

Ô f O VHz(.\w) e f ( . ) SHz(.\w)' 

The rest of the section is organised as follows. In subsection 3.4.2, we describe the 

numerical method and present the baseline parameter values. In subsections 3.4.3 and 

3.4.4, we analyse the transitional dynamics in the North and the South,150 respectively. 

3.4.2. Numerical method and choice of baseline parameter values 
Numerical method 

Solving ordinary differential equations numerically is a fundamental technique in 

continuous time dynamics, since most ordinary differential equations either cannot be 

solved analytically or their solutions are computationally prohibitive to develop, as is the 

case here. Numerical integration is thus the ultimate answer to obtaining information 

about the equation's behaviour. We will now begin to formulate our differential system 

base mathematically and then go on to briefly describe the numerical method used. 

150 That is, the Northern transition towards the world BG path and the Southern transition from its unique 
specific growth path until the unique stable world (or Northern) BG path. 
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In mathematical terms, our problems, with or without IT, are initial value first-

order systems of ordinary differential (generally) non-linear equations that can be 

represented by Y = F(t,Y), Y.=Y0, Ye 9TV , te 9ÎJ, where nVrepresents the number of 

variables, t is the time and Yt is the estimated value of the variable Y at the time tt. 

Like Funke and Strulik (2000), the numerical procedure followed was the use of a 

fourth-order Runge-Kutta classical method,151 which is usually considered as providing 

an excellent balance between precision and simplicity to program. The family of Runge-

Kutta methods was designed to approximate Taylor series but with the advantage of not 

requiring explicit evaluations of the derivatives of F(t,Y). The idea is to consider time 

steps, and to assume that the exact value of the slope of the step can be written as a linear 

combination of the function F(t,Y ) evaluated at certain points in the step. 

For the fourth-order Runge-Kutta the slope used is the weighted mean of the slope 

at four different points in the step interval, with the Y values used at successive points 

being based on two different mid-point approximations. If an estimated value of Y, Yt , 

of the solution is known at a point te = t0+£Z, with 3 being the fixed time step size, 

tM - tt, the value of the solution Yt at time tM is computed by: 

t+i h f. 

( \ 
N7+2N2+2N3 + N4 , where: (3.40) 

Since our differential systems were solved with suitable precision with the fourth-

order Runge-Kutta classical method, we need not to consider more sophisticated 

methods. However, other simple methods such as Euler's or lower order Runge-Kutta are 

not generally used in scientific computing because the truncation error per step may be 

large, and some of them are prone to numerical instabilities. 

Baseline parameter values 

The baseline parameter values are presented in table 3.4 below. It includes those 

which are related to the IT regimes and so only essential in the next two chapters. 

Parameters are chosen to calibrate the economic steady state world growth rate 

around two percent under no IT effects, which approximately matches the average per 

151 The German mathematicians Runge and Kutta developed this class of methods in the latter half of the 
19th Century - e.g., Lambert (1973). 
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capita growth rate of the U.S. in the post-war period. For some parameters the choice is 

guided by empirical findings, while other parameter values are based on theoretical 

specification and set with some arbitrariness. Moreover, when the range of choice is large 

we prefer a value close to some critical value, the idea being to stay within a 'consensus 

benchmark' and to leave further discussion for the sensitivity analysis in the next section. 

Table 3.4. Baseline parameter values 

Parameter Value 

P 0.03 
gm 0.02 

q>
w 

0.60 

Xs 0.09 

IT 0.07 

* 0.05 

Parameter Value 

A, 1.56 

AP 1.00 

oca) 0.60 

vh 1.20 

sh 1.00 

MC^{lP] 1.00 

Parameter Value 

PE 0.25 

IT 0.70 b) 

D 0.10 

<*/ 0.25 

õ2 0.60 

e 1.05 

Parameter Value 

MCP 0.50 b) 

%>Z=iI,P) 1.00c) 

Pi 1.60 

P» 1.00 

& 4.00 

&■ 2.00 

Notes: a) considering the particular case q = 1/(1-a); means that the value only makes sense under 
IT;c> this value for £, is already considered in the deduction of the differential equations. 
Moreover, the values for a = 4.25, ah — 0.05 and 022 - 0.232 in the two other specifications for 
the catching up term - see Appendix 2 - are chosen in order to get the same steady state TK gap 
between countries under all specifications in the present IT regime - i.e., without IT effects. 

The baseline values for the exogenous productivity variables A/ and Ap are in 

accordance with our theoretical considerations, such that A/ > Ap. In other words, we 

assume that the North has an absolute exogenous productivity advantage over the South. 

Under our assumptions, the technology parameter a has two interpretations: the 

HC share, a, and the mark-up ratio, 1/(1—a). Its value is slightly lower than in its 

common use to calibrate models with accumulation of physical capital and fixed labour, 

which is a s 0.7. This is due to the fact that we consider the quality-adjusted IGs as a 

broader concept than physical capital and, furthermore, the mark-up interpretation is 

central in our case. Given the value of a, the size of quality improvement, q, makes it 

equal to 2.5, which is greater than the ratio MCi/MCp. In short, its value is set in line with 

the mark-up estimates given by Hall (1986) and Kwan and Lai (2003). 

The m-augmenting parameters sh and vh are also in line with our theoretical 

assumptions, such that vh>sh>l. The same is true for the South's MC of production 

under IT; i.e., 1 =MCj>MCP = 0.50. This is so that under IT the Southern IGs firms, 

which support the R&D cost of imitation, can under-price the Northern IGs leader firms. 

Without IT effects, we consider that MCi = MCp = 1. 
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The baseline value for the elasticity of the probability of successful research, pbz, 

with respect to the market size is essential to remove the scale effects - i.e., t,z = 1-

Parameter values for learning to past successful research spillover, p\ and fixed cost 

of successful research, Ç, are based on theoretical specifications, such that (3/ > pV and 

Ç/ > Çp, and on findings by Mansfield et al. (1981). It is not clear what the value of the 

TK threshold, d, is, as no empirical estimates exist for it. We set its baseline value at 0.1, 

in line with Papageorgiou (2002). The value of the direct effect of openness and other 

trade policies on pbp, IT, is consistent with many related estimates - e.g., Coe and 

Helpman (1995) and Coe et al. (1997). In our case, IT is perhaps over-evaluated. We 

ignore the existence of empirical estimates for the effect of domestic policies promoting 

imitation on pbp, PE. Though, ascribing its importance the value 0.25 seems conservative 

to us, considering, among others, Kaufmann et al. (2002) and Dollar and Kraay (2003). 

Since there are no empirical estimates for the value of both õ ; and õ2 - i.e., for the 

'semi-elasticity' of pbp with respect to the gap in HC at work, fh(.\w), and for the fixed 

component of the (variable) elasticity of pbp with respect to g2(.) - their values are in line 

with our previous considerations. Thus, õ, must be greater, but not much greater, than 0 

in order to guarantee a moderate - although important, see figure 2.2 - impact of the gap 

in HC at work on pbp. The value for ã2 is set in order to guarantee that the TK progress 

in the South benefits from the relative backwardness of the country - see figure 2.3. 

The baseline value for the inverse of the constant intertemporal elasticity of 

substitution, 0, is lower than that given by recent attempts at its estimation - e.g., Hall 

(1988) and Acemoglu and Scott (1994). Our choice is, however, more in line with earlier 

calibrations of growth models, where it is assumed to exceed one - e.g., Jones et al. 

(1993) and Mulligan and Sala-i-Martin (1993).152 Specifically, it is chosen so as to be 

close to the log utility function; that is, we take into consideration the critical value 9 = 1. 

The rate of time preference or subjective discount rate, p, for a time period of one year, is 

also set in line with previous works on growth - e.g., Davidson and Segerstrom (1998), 

Sjogren (1998), Dinopoulos and Segerstrom (1999a) and Lehmijoki (2002). 

The depreciation rate of HC, ôm, is in line with estimates by Mincer and Ofek 

(1982). To simplify, we consider that is the same for both types of HC. The distribution 

or intensity parameters in HC technology are based on the theoretical specification that 

114 



(pra>(pSiï and <pVH+q>SH = 1. The productivity or efficiency of the learning activities' 

parameters are also based on a theoretical specification that %S>%T, and have been 

chosen in line with previous works on growth - e.g., Sjogren (1998). Since, when the 

substitution parameter in HC technology, <|), is greater (smaller) than 0, the two types of 

training are substitutes (complements), the baseline value that has been chosen implies 

that they are weak substitutes; i.e., we pay heed to the critical value (j) = 0. We thus leave 

the case in which they are strong substitutes and complements for the sensitivity analysis. 

Finally, we consider that there is no government intervention in the baseline case. 

3.4.3. Transitional dynamics in the North 

Differential equations 

By considering the equilibrium in the labour market, free entry condition into 

R&D, individual utility maximisation with individual optimal time allocation, we will be 

able to characterise the transitional dynamics for the North. 

Due to technological complementarity in the production of FGs, away from the 

steady state, the growth rate of m-complementary TK together with the dynamics of the 

prices of FGs translates into the growth of m-type HC demand, as equation (2.30) states. 

Equating this m-type HC demand path to the respective 'supply' - in equation (2.70) -
I C-5 

, we get the following differential equation from the dynamics in the labour market: 

QÍ (0 ap/m(0 
<?m[m%s 1 + uT(t\m) (3.41) 

us(t\m) 

In the differential equation (3.41), we already know the growth rate of the m-

complementary TK - it is given by equation (2.54) - and we can easily find the 

dynamics of the equilibrium FG price indexes from equations (2.25a, b), such that: 

P7 
a 
2 

1 + 
vh 
sh 

Dj 
M/2) 

^ - a n d ^ = « 
SH <-> 

1 + 
vh 
sh 

DÍ 
,(-1/2) 

ÈL (3.42) 
D1, PT 

Where Dj = Q\ VHJ(. | W) IQJ SHj(. | w) must be constant in steady state; i.e., due 

to market incentives, the North must converge to a unique stable growth path, which is 

the world BG path, where Qf™ VH[(.\w) and QfSH SHr(.\w) must grow at the same rate. 

152 Even given the great discussion in the literature about the 'true' value of 9, 9 e [1,2] is the most 
common range of values considered - e.g., also Attanasio and Weber (1993) and Guvenen (2001). 
153 In fact, since equation (2.70) expresses the optimal time-allocation ratios in terms of the given wages' 
dynamics (and interest rate), we can state that it yields the supply of effort functions for each type of HC. 
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Moreover, differential equation (3.41) informs us that we need to find the interest 

rate at each time t, which must also be constant in steady state. Thus, in order to 

characterise the transition path for the country, we consider the representative domestic 

IG, denoted by the index av, and defined as an average of all domestic IGs of each type, 

versatile or specialised. This last consideration is needed to avoid any jumpiness in 

quality improvements that would occur if the behaviour of an individual IG were 

contemplated. The expression for the expected present value of profits for the lead 

innovator in the av IG of m-complementary IG is thus given by: 
f \ 

Vj (k,av,v\m) = IIl (k,av,v \m) j exp Í r7(v) + pbj (k, av, v \ TO) dv ds. (3.43) 

In equation (3.43), n(v) is the Northern interest rate at time v and pbj(k,av,v\m) 

is the probability at time v that the av IG of quality rung (k+1) of the m-complementary 

TK ladder will be innovated. Since there is free entry into research, then at all times the 

expected present value of profits from successful innovation times the probability of 

successful innovation must equal the after subsidy cost of innovation; i.e., 

Vj(k + ],av,v | m) pbj(k,av,v\m) = (l-srI) rsI(k,av,v\m). (3.44) 

Hence, taking into account equation (3.43) we can rewrite equation (3.44) as: 

IJj(k + l,av,v\m)J exp -Í. ri(v) + pbj(k + l,av,v \m) dv ds 
(3.45) 

pbj (k,av,v\m) = (l—srI) rs,(k,av,v\m) 

Differentiating both sides of equation (3.45), bearing in mind Leibniz's rule for the 

left-hand side of the equation, we obtain an expression for the Northern interest rate: 

r'sj{k,av,t \m) pb{(k,av,t\m) I7[(k + l,av,t\m) 
rsj(k,a,t | m) pbj(k,av,t \m) IJ[(k + l,av,t\m) 

+ p^,av,r|m)/7^ + 7,av,r|m)_^Jb + 7 > g V t f | w ) 

rsj(k, av, t \ m) (l-srl) 

(3.46) 

As a result of equation (2.34) - or, instead, equation (2.38) - and (2.39a), then: 

rsi(k,av,t\m) pbI(k,av,t\m) m,(t\w) ,- . , Ja-Ï 
—— ! = ; - I — ( — k, (av, 11 TO)  
rsj(k,av,t\m) pbl(k,av,t\m) m7(r|w) \ & J 

Inq *, (3.47a) 
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I7,(k,av,t\m) I7j(k + l,av,t \m) m,(t\w) 
= = ' + k, (av,t\ m) 

ni(k,av,t\m) 77;(Â: + 7,ûv,i |m) w / ( ' l w ) 

1-a 

a J 
Inq- (3.47b) 

Hence, given equation (3.47a, b) we can rewrite equation (3.46) as: 

pbj{k,av,t\m) I7j(k + l,av,t\m) 
rj(t) = pbj(k + l,av,t | m). (3.48) 

rsj(k,av,t\m) (l-srI) 

In equation (3.48), the first term represents the dividend term, and the second 

reflects the Schumpeterian concept of creative destruction caused by the next successful 

innovation, which leads to the obsolescence of the preceding one. From equations 

(2.39a) and (2.38) and solving, for example, for m = VH, we can observe that the former 

term becomes independent of the quality ladder rung kj(av\m), 

pbjjk^vjlVH) I7,(k + l,av,t\VH) _ 
rSl(k,av,t\VH) (l-srI) 

( 1 > 

\
q
~ 1 

I ? J V 
A, 

1-a 
\(.Uot) 

1-S 
vh exp(-l) 

xl j sh 

(-1/2) (3.49) 

From equation (2.54), the term pb,(k + l,av,t\m) can be written as a function of 

the growth rate of the respective TK. Then, first, plugging equations (3.49) and the 

resultant expression for pbjik+^avjlm) via equation (2.54) into equation (3.48) and, 

subsequently, substituting QÇIQÇ by the respective expression obtained via equation 

(3.41), we get two equations for the interest rate, one for each m = {SH, VH}. When 

these are equated, since the country's interest rate is always unique, we obtain: 

ÈL 1-a 

2q^a 

[vh 

Í-] fc 
c, 

1-s \ 
xl 

1-S 

Dj 
\(-l/2) 

sh 

rl J 

f 

q-1 . 1-a 
\Ula) 

exp(-l) 
xl J 

1 + 
v 

Dj 
\U/2) 

+ 2 S
SH -S

VH + (3.50) 

+ (p VH' 
ZS 1 + uT(VH) 

us(VH) 

s ((/-í»)/(í) 

■<P Zs 1+ 
uT(SH) 
us(SH) 

«/-(*)/<*) 

Differential equation (3.50) gives us the dynamic of D1,, which results from the 

equilibrium in the labour market together with free entry conditions into R&D. 

The TK indexes, Qjm , will not necessarily be constants in steady state. However, 

we need to know their dynamic, so as get the dynamic of D] sC /(V7/)/<2/raV7/ /(.| w), 
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DJmC,(SH)/QrVHi(-\w)> D
í - Cl(yH)IQi

SH
SHl{.\w) and D

5
, m C,(SH)/Qf SH,(.\w). 

They could be interpreted as the weight of consumption at each time t, C,(m), in relation 

to the large 'amount' of TK available, <2/mm;(.| w) ; i.e., in relation to the TK embodied in 

IGs and embodied in individuals. Moreover, they must also be constant in steady state. 

Once the dynamic of Dj is known, we can separately obtain the dynamic of the 

two TK indexes, QjVH and Qj ,15 In fact, for each m={SH, VH}, we can plug 

equation (3.48) - incorporating equation (3.49) and considering equation (2.54) - into 

equation (3.41) to give the following differential equation for, for example, the dynamics 

of Qf" : 
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In the next step, we want to find the dynamic of D], D\, D4, and D5
t. From the 

aggregate budget constraint - see equation (2.72) - we can write that: 

Pi 
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\vhQrVH,(.\w) 1 + vh 
sh 

Dj 
\(-H2) 

+ ■ (3.52) 

) 
■«p(-i)-C /( . |VH)-C l( . |S») 

In equation (3.52), (i) on the left-hand side, the first and the second terms represent 

RS^.lVH) and RSj(.\SH), respectively - they result from equations (2.38) and (2.54);155 

(ii) on the right-hand side, the first term is F/(.|y//)+F/(.|5fí')-Z/(.|y/f)-X/(.|5ii') - it 

results from equations (2.27) and (2.28) -, whereas the second and the third correspond 

154 From equations (2.48) and (2.54), we could obtain the dynamic followed by QflQJ™- Qf"/Qf" ■ 
However, it is useful to get the dynamic of each TK index separately. We can though verify numerically 
that the values at each t for QJ IQJ - Qf'/Qf are the same in both cases, which 'works' as a check. 

i if—1 
155 Since rs, (k, av, t\m) = pb, (k, av, t \ m) fa1 Ç, m, (f | w) q ' '"' " I « J, we can go further by writing: 

RS, (f|m) =j rsI(k,av,t\m)dj = Jm rs,{k,av,t\m)= pb,(k,av,t\m) (37 Ç/ m,(t\w)QJ • 
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to d(.\VH) and C/(.\SH), respectively. Dividing all terms in equation (3.52) for, for 

example, Q\ SHJ (. | w), and after that solving them for D/ and Dj, leads to: 

Di+Dj 
fit 

Dj 
l-a 

r - ' - i Qi £ 
Q h 

q->-l Qi 
QÍ 

<—+Ar>exp(-l) 

f l-a A 

qV-sJ 
m 

i— l-a 
vh Dj 1 + 

sh J 
+ sh 1 + 

sh 

AH 2) 
(3.53) 

Equation (3.53) gives us the dynamics of D* and Dj\ which must be stables in 

steady state. Since D4, and D5, grow at the same rate, we can write the left-hand side of 

equation (3.53) as {[D4 (t - dt) + D5, (t - dt)] exp[Ùf (t)IDJ\t)]} instead of [Z)/(i)+ Z>/(f)].136 

Additionally, by definition of D4, and D\ and considering the consumption growth 

rate resultant from individuals' utility maximisation - Euler equation (2.64) - , we get: 

£l =
 DJ = Ci (SH) Qjm SH, (. 1 w) = 7 

D4, DJ C,(SH) Qj" SH,(.\w) 9 
(l-TK)r,-p Qf SH,(.\W) 

Qf S»,(.|w) ' 

Plugging the expression for [i-T^] r ;(r) obtained in equation (3.41) - given 

equation (3.42) - into equation (3.54) and solving for SHi(t\w), yields:157 
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1 + vh 
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(3.55) 
P_ 
9 

Equation (3.55) relates the dynamic of SHi(t\w). It is not necessarily constant in 

steady state. However, we need to know its path, to get the dynamic of the (non-leisure) 

time the individuals who accumulate m-type HC allocate to the production, uwi(t\m),m 

which must be constant in steady state. To this end, we take into consideration that: 

/ x / i x / x / i x / x / i x / x w , ( t I w) ùw[ (f I m) lhAi) 
m,(t) = uw,(t | m) m,(f) + %(* | m) m,(t).+ u„(f | m) m,(t) => ') \ '-= «y , + ^ 7 7 " (3 56) 

1 v ' * v ' v « ' m,(t \w) u^Atlm) m,(t) W-JVJ 
= m,(f|work) =m,(!|scholl) =m,(r|OJT) ' ' wl ' ' 

Given the dynamic of mi(t\w) - e.g., equation (3.55), for SHj(t\w) -, and taking 

into account equations (2.59) and (2.65), with some additional algebra we get: 

156 The path of D2 and D3, can be obtained by dividing all terms in equation (3.52) by QJ. VH, (. | w) ■ 

157 The path of VH,(t\w) can be obtained following the same steps or, instead, from the definition of D1, ■ 
158 Given the dynamics for uwi(t\m), the dynamics for us,(t\m) and uT,(t\m) can easily be found taking 
into consideration equations (2.60) - or, alternatively, equation (3.56) - and (2.65). 
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uwI(t\m) ntj(.\w) 
■9 

.(.Hi) 
Xs 1+ uT(m) 

us{m) 

({!-*>) I $) 

l-uwI(t\m) + 8" (3.57) 

As a result of the above analysis, the stability properties of the dynamic of the 

North are block recursive, in the sense that we can first determine the stability of D\ and 

then recursively characterise the behaviour of the other variables. 

Solving differential equations for the baseline parameter values 

We are now able to analyse the transition to and stability of the steady state 

numerically. The behaviour of the model is displayed for the set baseline parameter 

values in table 3.4, for two different scenarios. In scenario 1, we consider that Dj(0) is 

below its steady state value and, in scenario 2, we assume that Dj(0) is above its steady 

state value. In any case, the transition path lasts for 27 years, which represents a rapid 

speed of convergence. Table A3.1 in Appendix 3 (subsection A3.1.1), compares initial 

and steady state values of the relevant variables - i.e., it summarises the results. 

In scenario 1, Qf" VHjQw) initially rises more than Qj" SH,(.\w), but falls more 

rapidly towards the steady state. Thus, as figure 3.6 below shows, Dj is increasing, but at 

a slower rate until it reaches its steady state value, 1.24. In other words, Òj/DJ is 

positive but declines monotonically towards zero. The converse applies in scenario 2. 

Figure 3.6. Transitional dynamics of DJ 
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Since, regardless of the initial state of Dj, there is a steady state, rest or fixed point 

of convergence, we can state that the adjustment process of DJ is globally stable - e.g., 
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Gandolfo (1997, chap. 21). Moreover, the behaviour of D\ implies that, in scenario 1, the 

relative price of versatile FGs drops and VT gains importance in the productive process -

following the same type of path as D\ - , and vice-versa in scenario 2. 

Variables Dj, D3j, D\ and D\ are decreasing and at a declining rate until the 

steady state, as figure 3.7 shows.160 The dynamics of those variables is expected from the 

behaviour of Qj VHj (. | w), QJ SHj (. | w) and consumption. In particular, in scenario 1, 

OfvHj (. | w) starts rising more than g / " SH} (. | w) and - as will be clearer below - both 

rise more than consumption. Their adjustment process is globally stable, although we 

have ascertained that the equilibrium point of convergence relies on the initial values. 

Figure 3.7. Transitional dynamics of D\ and D* in both scenarios 

a) Transitional dynamics of DJ b) Transitional dynamics of D5
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The initial position of uwI(.\m) becomes conditional to the initial position of DJ, 

but the steady state point is the same for all conditional initial situations. Thus, we 

observe that the economy starts with a relative scarcity of HC at work; that is, uwI (. | m) is 

smaller than its steady state value, and the differential is greater in scenario 1 - e.g., 

figure 3.8. This means that the rate of return on HC is relatively high - above all in 

scenario 1 - , which disincentives the use of HC at work and, therefore, individuals spend 

a large share of their time accumulating HC. Equation (2.66) shows that VH, because it is 

school intensive, is above all accumulated in school, while SH, which is OJT intensive, is 

159 The analysis of two different scenarios due to distinct initial conditions belongs to the sensitivity 
analysis. It is considered here in order to take advantage of the figure with the transition dynamics of D\ . 
160 To simplify, we present only the graphs for D] and D5j ■ 
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mainly accumulated in OJT. For example, from table A3.1 in Appendix 3 results for the 

scenario 1 that uSI(0\VH) = 0.41, uT](0\VH) = 0.27, uSI(0\SH) = 0.26 and usl(p\SH) = 0.39. 

Figure 3.8. Transitional dynamics of the share of time spent at work 

a) Transitional dynamics of uwl (. | VH) b) Transitional dynamics of uwI (. | SH) 
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At the beginning of the transition, it is the growth rate of HC at work - provided by 

both the increase in the amount of HC and the reallocation of HC to production - that 

drives economic development, the growth rate of successful research being relatively 

low. When the economy moves toward the steady state, the time share spent in training 

gradually declines161 and R&D becomes relatively more important for growth. This in 

line with, for example, Funke and Strulik (2000), where the HC behaviour starts to be a 

more important engine of economic growth than the R&D - i.e., than TK progress. 

As individuals initially do not have much time for work, their wage earnings are 

low and they can only afford to consume relatively little in relation to the steady state. 

Increased wage earnings, resulting from her/his higher HC stock, from a larger time 

share spent at work and from the increase in wage per unit of HC at work, allow the 

individuals to increase their level of consumption. The rise in wage earnings in scenario 

1 is mainly due to both the large time share spent at work and the wage increase per unit 

of VH - as a result of TK improvements -,162 whereas in scenario 2 it is essentially due to 

the wage increase per unit of VH - as a result of both improved TK and a rise in the 

versatile price index - e.g., equation (2.30) -, since uwl(0\m) in scenario 2 is greater than 

uwl(0\m) in scenario 1. Finally, we note that the versatile premium falls in both scenarios. 

161 In scenario I, e.g., uSI(27\VH)=0.21, UTI(27\VH) = 0.13, USI(27\SH) = 0.12 and uSI{27\SH) =0.17-
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3.4.4. Transitional dynamics in the South 

Differential equations 

The transitional dynamics for the South also depart from equilibrium in the labour 

market, free entry condition into R&D, individual utility maximisation with individual 

optimal time allocation. Moreover, we consider that the North is always in steady state, 

since it is unaffected by Southern imitation. 

We start proving, by contradiction, that at first the South immediately converges at 

time to to a unique stable country specific growth path. 

As in the North case, equating this m-type HC demand path - equation (2.30) - to 

the respective 'supply' - in equation (2.70) -, the following differential equation results: 

z-4 
rtJ 
QP (t) , 1 pï(t) 

■ + 

Ùi"(O
 a

w ) 
U-TK]rp(t) + òm - <?m[m Xs 1 + uT(t\m) 

us(t\m) 
(3.58) 

Subtracting equations (3.41) - for the North - and (3.58), we get: 

\jm, 

QJ ( 0 « pm
p{t) 

rP(t)-rj(ty (3.59) 

Where Qjm/Qjm= Q?IQf - QjmIQT, since by definition Qja = Qf /Qf". Note 

that as the North is, by hypothesis, always in steady state then pf Ip™ss =0 and rj(t)ss 

is constant. Writing equation (3.59) for each m and afterwards subtracting both, yields: 
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Where, by definition, Di -QP VHP(-\W) _Q VH(.\w) ^ 163 T h a c c o r d i n g t 0 

UP - ,SH ~ _ ,SH ~ U l & 

QJ, SHP(.\w) QJ SH(.\w) 

equation (3.60) when QjV"/QjVH> QJS"/QJS" then Dp/DP>0 or, in other words, 
~ ,SH 

Q | VH(.\w)^ Q | SH(.\w) s i n c e Diss
 i s c o n s t a n t - B u t this is impossible. In fact, in 

QjV" VH(.\w) QjS" S~H(.\w) 

162 

163 
Note that the fall in the price index of versatile FGs adversely affected the wage per unit of VH. 
Bearing in mind that, by definition, in (. | w) s mP (. | w) / m1 (. | w) ■ 
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that case, from equations (3.61), pp
H I ps

p
H >0 and pv

p
HIpv

p
H <0, which implies that there 

is a stronger market incentive to develop specialised TK in the South. That is, 

^iVH _ ~ 
64 Ô , SH(.\w) m u s t gj-ow a t a higher rate than Ô wf(.|w) a n ( j ) jf this is so, i x < 0 . 

<2 S / / ( » Ô7 VW(.|w) ^ P 

~jVH ~J
SH 

The argument to show that the conclusion is the same when Q < 0. is identical. 
QJ QJ 

Therefore, we conclude by contradiction, that, in fact, the South jumps (or defines) 

at time to to a unique stable growth path. From this time on, Qp
v" VHP (. | w) and 

QP" SHP(,\ w) grow at the same rate. In short, from time to on: 

£^^Pl^Nf_^0 O""" = èjS" and V~H(. 1 w) = SH(. 1 w) 
Z) yvE QJ QJ 

(3.62) 
Vi/(. |w) 5//(.|w) 

That is, price indexes, pp , and thus the threshold FG, Np, reach their steady state 

values. If this is so, then the second and third parts of equation (3.62) hold. Hence, on the 

demand side of the labour market, instead of equation (2.30), we actually have: 

WW=Qj
P

m(t) =âj\t) ^ûr\t) 
<( ' ) Qí\t) Qjm(t) QimS\t) 

(3.63) 

As stated, the transition in the South only ends when it reaches the Northern (or 

world) steady state. This is due to the exploitation of TK backwardness, which implies 

that during the transitional phase the Southern growth rate tends to be higher than in the 

North. At least the Southern TK progress must be higher, as depicted in figure 3.2. 

Therefore, from to on, the South's transitional dynamics is fully described by a 

system of differential equations in the variables: Q]m, m(.\w), DP, Dp, DP, DP, 

uwp(t\m), usp(t\m) and UTp(t\m), which must all be constants in the steady state. 

It is then essential to find the value of the interest rate at each time. To this end, we 

again take a representative domestic IG av of each m-type. Thus, the expression for the 

expected present value of profits for the respective leading imitator is: 
f \ 

VP(k,av,v\m) - ITp(k,av,v \m) j exp -Í rP(y) + pb (k,av,v\m) dv ds. (3.64) 

At least QJ IQ] must grow at a higher rate than QJ /QJ which also implies D!
PID'p<0 ■ 
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In equation (3.64), rP(v) is the Southern interest rate at time v and pbp(k,av,v\m) 

is the probability at time v that the av IG of quality rung (k+1) of the m-complementary 

TK ladder will be imitated. Free entry into R&D determines that at all times, the 

probability of successful imitation times the expected present value of profits from 

successful imitation must equal the after subsidy cost of imitation. Thus, equations 

(3.44), (3.45) and (3.46) also exist here, the only difference being in the country index. 

As a result of equations (2.34) or, alternatively, (2.38) and (2.39a) we have: 

fsp(k,av,t\m) _ pbP(k,av,t\m) rhP(t\w) _ g,[m(t\w)] . ~jm 
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a 

Inq 

Inq- (3.65b) 

Plugging equation (3.65a, b) into the previous analysis - specifically into the 

equation similar to equation (3.46) - yields the following equation for the interest rate: 

g[m(.\w)] 
1 g[m(.\w)] 

à2(Qjm)lng(Qjm,d)-o2(Qjm) g(QJ ,d) 
g(Qjm,d) + 

pbP(k,av,.\m) I7P(k + l,av,.\m) . , , _ , _ , i v + J—L ! c ! pbP(k + 7, av,. I m ) 
rsP(k,av, .\m) (1 — s^,) 

(3.66) 

The Southern interest rate in equation (3.92) must be constant in steady state. The 

first three terms on the right-hand side represent a capital gains term, CGT(. \m), which is 

explicitly presented in equation (3.67a) below. The fourth is the dividend term, DT(. \m), 

which is independent of the index kp(av\m) - see equation (3.67b). The fifth reflects 

market losses due to creative destruction when the next successful imitation occurs 

CGT(.\m)=-a, - o2(QJ )lng(Q ,d)-a2(QJ) 

165 

= - a 

g[m(.\w)] 

m(. | w) exp[fh(. \w)] 
g(QJ ,d) 

m(. | w) 
{1 + exp[fh(. | w)]}{1 + 2exp[m(. \ w)]} m(. | w) -QJ (3.67a) 

In -QJ +(l + d)QJ -d -G2+Q 
V2 

- -2QJ +(l + d)QJ QJ 

QJ +(l + d)QJ -dQJ 

165 Also from equation (2.54), the impact of creative destruction on the interest rate, pbP(k +1, av, t \ m) can 
be written as a function of the growth rate of the respective domestic TK. 
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The sign of the capital gains term in equation (3.67a) is not clear. We can, though, 

calculate it numerically later on. Equation (3.67b) - resulting from equations (2.38) and 

(2.39a) - shows the dividend term for m = VH and is independent of the index kP(av\m). 

From equation (3.66) we get two equations for the Southern interest rate, one for 

each m; equating them, since the country's interest rate is always unique,166 we obtain:167 
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(3.68) 

The differential equation (3.68), in particular, incorporates information in equation 

(3.62) and our assumption that the North is already and always remains in steady state. 

166 

167 
For presentation reasons, the dividend terms are not explicitly presented. 
Alternatively we can use the aggregate budget constraint, equation (2.72). In this case, we obtain after 

the division by, for example, QJ
p SHP(. | w) the differential equation: 
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Another differential equation can be obtained from the labour market. The 

equilibrium here, from to on, implies that - see equations (3.58), (3.62) and (3.63), 

QJit) Qi (0 
1+ uT(t\m) 

us(t\m) 

7_J 
(3.69) 

Solving equation (3.69) - i.e., incorporating equations (3.66) and (3.67a) into 

equation (3.69) - , and considering as hypothesis m = VH, results: 
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The expression for the dynamics of Dp, D3
P, D4

P and D5
P can be obtained in the 

same way as for the North. For example taking into account the definition of D4
P and DP, 
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Introducing the expression for [l-iK] rp(t) obtained from equation (3.69) into 

equation (3.71), and considering the definitions of TK gap and of gap in HC at work, 
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Finally, we get the dynamics of the amount of (non-leisure) time individuals who 

accumulate m-type HC allocate the production activity, uwP(t\m),m which must be 

constant in steady state. To this end, we note that there is again an equation similar to 

(3.56). Thus, from equations (2.59) and (2.65) and the dynamics of m(. | w), we obtain: 

ùwP(t\m) = m(.\w) | ihjj.lwY5
 w> Í' uT{mj" 

uwP(t\m) m(.\w) m,(.\Wys V Xs l-uwP(t\m) +Sm. (3.73) 
us(m) 

As the stability of variables D2
P, D3

P, Dp, D5
P, uwP{t\m), uSi(t\m) and uTI(t\m) is 

analysed after the stability of variables Qjm and m(.\w), the properties of the South's 

dynamics are also block recursive. The above differential equations were also deduced 

for the other two alternative specifications of the catching up term in Appendix 2, 

although they are not presented here for exposition reasons. 

Solving differential equations for the baseline parameter values 

The system composed by differential equations (3.62), (3.68), (3.70), (3.72) and 

(3.73) depicts the transitional dynamics of variables QJVH, QjSH, VH(.\w), SH(.\w), 

Dp, Dp and uwP(t\m). Solving it numerically, we fully describe the South's transition 

path towards the world steady state, under the 'benchmark' catching up term. This is now 

our aim. But we go further and also consider the systems of differential equations 

obtained under the other two alternative catching up specifications in Appendix 2. 

Table A3.2 in Appendix 3 (subsection A3.1.2) condenses the main results, by 

comparing initial and steady state values of the relevant variables. In addition, figures 9 

and 10 below complete the set of results, by showing the path of the variables that are 

constant in steady state from t0 on, under the 'benchmark' catching up term. We give less 

importance to the transitional dynamics under the two alternative terms, mostly because 

the associated speed of convergence is very slow. Moreover, under the second alternative 

catching up term the South supports strong 'transition costs', and so during the transition 

phase, its growth rate is slower than that of the North. But this is counter to the literature 

on TK diffusion - e.g., Barro and Sala-i-Martin (1997). 

It should be borne in mind that in our case - and regardless of the catching up term 

considered - , the idea underlying TK imitation differs from that found in the literature. 

That one assumes the notion of pure relative backwardness and so the rate of imitation 

168 Afterwards the dynamics for both uSi(t\m) and uTI{t\m) can easily be found. 
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(and growth) is a positive and monotonie function of the relative TK gap between 

countries. Thus, the very poor countries are the ones with most potential to imitate, while 

in our case the very poor countries will remain stagnant due to their inability to imitate 

and only middle income countries will benefit from existing Northern TK progress. 

Two conclusions emerge immediately. The first is that the adjustment process is 

globally stable, and the second is about the speed of convergence towards the steady 

state. The fastest speed of convergence is observed with the benchmark catching up term, 

where the steady state is reached after 56 years. The speed of convergence is faster with 

the first alternative specification than with the second. In fact, with the first, the steady 

state is reached after 235 years, while with the second it takes 482 years. The prolonged 

time scale towards the steady state is not however surprising. For example, in the model 

without HC accumulation and with scale effects, proposed by Papageorgiou (2002), the 

steady state emerges at the end of 160 periods/years. The long time towards the steady 

state suggests that transitional dynamic is important and should not be neglected. 

Figure 3.9a shows that both QJVH and QJ " increase from their initial values (0.30 

and 0.35, respectively) towards their steady state values (0.55 and 0.64, respectively). As 

table A3.2 reports, and as expected - see notes to table 3.4 -, the steady state values of 

the TK gaps are independent of the catching up term. The probabilities of successful 

imitation rise initially. However, as the rung of quality left to be copied decreases - i.e., 

as QJVH and QJSH increase - , the cost of imitation increases and the probabilities of 

successful imitation fall toward the steady state values: Pbi(. \ VH) = Pbp(. \ VH) = 0.036 

and PbI(.\SH) = PbP(.\SH) = 0.038. Thus, QJVH and QJSH are increasing but at 

decreasing rates or, in other words, the TK in the South grows more quickly than in the 

North during the transitional dynamics, but slows down until steady state is reached. 

As shown in figures 3.9b (for the gap in HC at work) and 3.10a (for the share of 

time at work), there is an initial abrupt surge in the gaps in HC at work, SH (. | w) and 

VH (. | w), owing to the immediate increase in the share of time dedicated at work. After 

that, still during transition, they drop due to the greater share of time devoted to working 

in the South compared with the North - see tables A3.1 and A3.2 and figures 3.8 and 

3.10a. Thus, the drop is a result of the (relative) smaller HC accumulation in the South.169 

1 In addition, the increase in Southern wages, due to TK diffusion, stimulates HC accumulation - i.e., 
Southern individuals adjust smoothly the path of time, devoting more time to training and less to work. 
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As implied in table A3.2, the biggest drop occurs under the second alternative catching 

up term, which generates the smallest HC accumulation in the South. In light of the 

initial values, at the end of the adjustment process, a new higher steady state level of 

s7í(. | w) and VH(. | w) is only reached with the benchmark catching up term. 

Figure 3.9. Transitional dynamics of the TK gaps and the gaps in HC at work 

a) Transitional dynamics of QJm b) Transitional dynamics of m (. | w) 
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The joint behaviour of Qjm and m(.\w) implies that initially the South grows at a 

higher rate than the North owing to the immediate jump in the share of time devoted to 

work in the South, which increases m(. |w).170 Afterwards, it is the magnitude of the 

probability of successful imitation when compared with the probability of successful 

innovation that accounts for the higher Southern growth rate.171 Finally, both countries 

grow at the same rate due to the successive increases in the cost of imitation, which 

represents a form of diminishing returns.172 In the end, both the TK gap and the gap in 

HC at work remain constant. That is, the interest rate and the growth rate of the South 

fall steadily (are monotonie decreasing) toward their (or Northern) steady state values. 

If we just compare the steady state growth rates, we would conclude that imitation 

has improved the Southern growth rate. Under the better alternative, the country would 

be an inefficient innovator and its growth rate would be smaller. In fact, supposing that 

PP'WP = pfs and taking into account tables 3.4, A3.1 and A3.2, the evaluation of equation 

(3.7) indicates that TK diffusion favours the Southern steady state growth rate. 

170 This suggests that countries have a strong potential growth - realised once its individuals reallocate time 
from training to work. This is mainly true if the country is poor in terms of output relative to its HC stock. 

In this period the higher growth rate of the South is not true under the second catching up specification. 171 

In the neoclassical growth model, the diminishing returns to capital accumulation play a similar role. 
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Regardless of the catching up term the South improves the TK. However, under the 

second alternative for the catching up term, its HC at work decreases so much after the 

initial immediate (and very strong) jump that its average growth rate during transition is 

smaller than in the North. This alternative goes against the literature that emphasises the 

experience of a lot of Southern countries, which had a fast initial rate of catching up and 

so achieved higher growth rates than the leader country, which then slowed down. 

Figure 3.10. Share of time at work and weight of consumption in 'large knowledge' 

a) Transitional dynamics of uwP{t\m) b) Transitional dynamics of D2
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The initial conditional value of each uwP(.\m) indicates us that the South starts with 

a relative scarcity of HC, and the differential is greater in the benchmark case - see table 

A3.2. This means that the rate of return on HC is relatively high and, therefore, that 

individuals spend a large share of their time accumulating HC. Thus, individuals do not 

have much time left over for work, their wage earnings are small and so they can only 

afford to consume a relatively small amount in relation to the consumption of individuals 

in the North - see table A3.2. As reported above, at the beginning of the transition, the 

growth rate of HC at work - due to both the previous increase in the amount of HC and 

the reallocation of HC to production - drives economic growth. After that, when the 

economy moves towards the steady state, R&D becomes the main engine of growth. 

In steady state, the increased wage earnings achieved by the larger time share spent 

at work and by the wage increase per unit of HC - which here is only proportional to the 

growth of TK since price indexes of FGs remain the same - , allow individuals to increase 

their level of consumption in relation to individuals in the North - see table A3.2. We can 

thus state that there is an improvement in the relative welfare of the South. 
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In general terms, variables DP, DP, DP and DP are decreasing. Initially they 

decrease strongly, but after that they increase at a decreasing rate until the steady state -

see figure 3.10b for Dp. The dynamics of those variables indicates that the behaviour of 

QJ
p
m mP(.\w) rises (still) more than consumption. This behaviour may be conditioned by 

the existence of some resources shifted from consumption to imitation. 

Furthermore, we confirm that capital gains do not exist in steady state and are 

present only in transition. Computing equation (3.67a), we observe that, for example, 

CGT(t, \VH) = 0.047 , CGT(t, \SH) = 0.046 , CGT(t56 \VH) = CGT(t56 \SH) = 0. 

We can now evaluate equation (2.31) [or (3.15)]; i.e., inter-country wage inequality 

- see table A3.2. Wages in the South, W
V

P
H and W

S
P

H , benefit from the imitation activity -

i.e., convergence - since the South grows faster than the North and improves its relative 

TFP during the transition to the world BG path. This is in line with time allocation. In 

fact, as during transition Southern wages grow a higher rate than in the North, Southern 

individuals adjust the path of time allocation, devoting gradually less time to work (after 

the initial increase of uw) toward the world (or Northern) steady state value. However, 

even in steady state wage differentials remain, due to international immobility of HC, 

differences in exogenous productivity parameter, A/ > Ap, and differences in the available 

TK and in the threshold FGs. That is, from steady state on, inter-country wage inequality 

remains constant, because the path of productivity becomes common to both countries. 

Moreover, concerning intra-country wage inequality we can state that under the 

baseline parameter values it is greater in the South - see calculations for time to in table 

A3.2, and remember that after to it follows the same path in both countries since QJVH 

and QjSH grow at the same rate. Thus, under the set of baseline parameter values and the 

set of initial conditions, the versatile premium decreases in both countries.173 

We can still calculate numerically some measures of TFP in subsection 3.3.2 at to 

and at steady state. The results are also shown in table A3.2 and confirm that FGs TFP 

and PTFP in the North are both larger than in the South. Under the benchmark catching 

up term - and the first alternative catching up term - the differences are smaller in steady 

state, as a result of advantage being taken of the opportunities provided by imitation. At 

the level of industrial PTFP the difference increases with ne [0,1]. The aggregate 

productivity difference is not surprising given the productivity difference in all FGs. 

173 Equation (3.14) shows that they have a common slope of intra-country wage premia path in steady state. 
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Breaking up the results calculated, we confirm that they are consistent with 

Acemoglu and Zilibotti (2001) and that the origin of the productivity differences between 

countries does indeed derive from differences in (i) the exogenous level of productivity, 

(ii) the productive structure, (iii) the TK and (iv) the HC stocks. 

3.5. Sensitivity analysis 
Now, we check how the position of the world's steady state, the slope of the stable 

arm and the convergence speed rely on the model's parameters and initial conditions. In 

other words, we test the robustness of the results of transitional dynamics to shocks. We 

shall give the results of a sensitivity analysis of the steady state and the dynamics. 

The results are obtained from numerical simulations in which one parameter at a 

time is allowed to deviate from its baseline value, and we can thus say nothing about 

where the economy would end up if all parameters were altered at the same time. The 

first general conclusion is that the model's qualitative behaviour is similar for the ranges 

of parameter values tested. In fact, similar stable saddle paths to steady state are obtained, 

differing only slightly in the specific levels of the steady state of the variables which they 

approach. In short, the framework is largely robust with respect to parameter changes. 

The section is structured into two subsections, each with the sensitivity analysis for 

the baseline results of one country: the first for the North and the second for the South. 

3.5.1. Sensitivity analysis to the baseline results of the North 

Taking scenario 1 in subsection 3.4.4 as a reference, table A3.3 in subsection 

A3.1.3 in Appendix 3 shows the effects on steady state values when allowing one 

parameter at a time to to vary from the lower to the upper bound of a given interval; i.e., 

it contains qualitative results. It goes further and shows how sensitive the steady state is 

to specific parameter changes; i.e., it contains quantitative results as well. 

The results in the last column of table A3.3 are consistent with the findings in table 

3.1 for the steady state growth rate. The economy grows faster in steady state, the higher 

the exogenous level of productivity in production, A/, and in training, %$ and %T, and the 

lower the depreciation rate of HC, 8. A great weight of the more efficient mode of 

training (schooling), cpVH, also leads to a higher steady state growth rate.174 In addition, 

an efficient R&D sector, mirrored in a large (3/ and in a smaller q and so in a smaller a, 

174 The HC growth rate rises by improving the efficiency of the HC production or the intensity of the more 
efficient training activity. I.e., less training effort is needed to achieve the baseline steady state growth rate. 
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also increases the steady state growth rate. Finally, the more patient - i.e., the smaller 

the value of p - and the less keen individuals are on consumption smoothing - i.e., the 

smaller the value of 0 - the higher the steady state growth rate. 

The economy moves faster - i.e., the speed of convergence increases - towards the 

steady state - see column 3, table A3.3 - , the higher A/, (3/ and (j) are and the smaller a is; 

that is, the more efficient the productive side of the economy is in general. 

Column 4 of table A3.3 shows that the specialised technology, ST, gains weight 

when Ai and [3/ are higher and when a is smaller. As expected, the same occurs when it is 

relatively easier to accumulate SH - i.e., when §, (p ra and %s decrease and when %r 

increases. Generically, improvements in the relative production of SH enhance its relative 

accumulation, thereby increasing its relative supply and lowering its relative wages 

which, in turn, decreases the relative price of specialised FGs - see subsection A2.3 in 

Appendix 2. In this case, TK is directed towards versatile TK and so the price channel 

operates in favour of VH - case A in generic figure A3.1 shown in Appendix 3, which 

sums up the results on the relation TK bias-versatile premium that tends to take place. 

In short, in the baseline case the price channel operates in favour of the relatively 

scarce HC, SH; whereas in case A the strong reversal of the price channel effect redirects 

the path of the relative wage premium in favour of VH - see figure A3.1 in Appendix 3 

and/or the overview of the effect on wages of a rise in m-type HC in Appendix 2. That is, 

in case A the price effect is strong enough to revert to the TK bias. A greater relative 

versatile price of FGs implies that there is a stronger incentive to develop versatile TK. 

From columns 5-8 of table A3.3, when A/ is higher output is larger, there are more 

resources available for R&D, the expected profits for each successful research increase 

and individuals devote more time to work. This leads to higher gr, Df and Dj. 

When a is small, the TK progress is strong. As a consequence wages increase, 

which discourage the use of HC at work. Thus, individuals devote more time to OJT and 

schooling. In sum, this increases gr, but leads to small values of uw(m), D\ and D]. 

When P/ is high the incentive to innovate is strong and this decreases D] and D\ -

more resources are then spent on R&D and less remain for consumption. Conversely, D] 

and D] are high when there are improvements in HC accumulation - that is, when, (pVH, 

175 We have considered the particular case q = l/(l-a). Moreover, we do not consider the parameter Ç/ in 
table A3.3, because its influence on steady state and the dynamics is just the inverse of (3/. Note also that a 
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Xs and %T increase and Ô decreases - , which lead to higher HC levels and so to higher 

wage earnings and, consequently, to higher consumption. 

A high ô increases the training effort needed to keep up a certain level of HC 

accumulation. Specifically, a high ô decreases HC accumulation, which, in turn, 

decreases the supply of HC. This increases wages and so disincentives the use of HC at 

work; i.e., uw decreases. When qVH, %s and %T increase, the supply of HC increases as 

well. This reduces wages which, in turn, incentives its use in FGs production. In this 

case, however, the results suggest that in consequence of the greater HC stock, 

individuals need to devote less time to work. Finally, individuals train less in steady 

state, the keener they are on a smooth consumption path and less patient they are. 

In brief, we can state that a slight alteration of parameters 0 and p does not seem to 

have a very significant effect on the steady state and dynamics, whereas Ah a, and £/, on 

the other hand, have the greatest effects. The effects due to the increase of A/ are also 

similar to the use of a new GPT which is useful to all FGs at the same time in the North. 

Parameter § prompts more specific comments. When (j) > 0 the two types of 

training are substitutable (we have chosen § = 0.9 which implies that they are highly 

substitutable) and for ty< 0 they are complements (we have chosen (j) = -10.0). Table 

A3.3 reports that steady state growth rate is not very sensitive to the value of the degree 

of substitution between the two modes of training,176 contrarily to the occupational 

choice between HC accumulation and production and between schooling and OJT - see 

table 3.5 below -, to the speed of convergence and to the use of VT and ST. 

When the two types of training are complementary, they are both indispensable to 

HC accumulation. Thus, the time spent in school and in OJT tends to be close: the time 

allocated to the more efficient factor (schooling) requires more time to be allocated to the 

less efficient factor (OJT). Hence, if complementarity is the rule in the economy, then by 

considering schooling as the only means of HC accumulation we have underestimated 

the growth of both VH and SH, since we ignore the strong importance of OJT. 

When the two types of training are highly substitutable, VH accumulation is made 

through schooling. This is because schooling is more efficient and VH is school 

small A, implies a weak incentive to innovate due to its influence on monopolistic profits. 
176 It is slightly greater when the two modes of training (schooling and OJT) are substitutes, since this 
allows for a more extensive use of the more productive mode of HC accumulation. Conversely, when they 
are complementary the less productive mode gains importance. The results obtained for the case in which 
they are complements are quite similar for very different values $, such as -10 or -7000 or still more. 
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intensive, which motivates individuals to substitute one means of HC accumulation with 

another. However, the greater part of SH accumulation is made through OJT, since SH is 

relatively OJT intensive and this intensity dominates the differential at efficiency level 

between schooling and OJT. Moreover, the more favourable situation for VH 

accumulation implies 'versatile individuals' can replace production activities by 

(additional) training more than 'specialised individuals' can. If substitutability is the rule, 

then considering schooling the only means of HC accumulation would make the 

estimates for the VH accumulation correct, but not those for SH accumulation. 

We conclude that, under substitutability, the effort in schooling and in OJT is very 

different in terms of accumulated HC, but this is not true under complementarity. Thus, 

our numerical simulations show that if the case of VH accumulation under substitutability 

is excluded, the schooling activity is not sufficient to measure HC accumulation and 

growth. This would provide a theoretical explanation for the mixed evidence of empirical 

studies on the relation between HC accumulation and growth - e.g., Mincer (1993). We 

therefore show that the introduction of another type of training - in addition to school -

may significantly modify the occupational choice in HC accumulation. 

Table 3.5. Time share spent in training and at work in steady state 

Parameter Value uSI(VH) USI(SH) UTI(VH) u„(SH) UW,(VH) Uwl(SH) 

* 
-10.0 
0.90 

0.14 
0.40 

0.15 
0.03 

0.17 
0.00 

0.20 
0.19 

0.69 
0.60 

0.65 
0.78 

Moreover, the steady state growth rate is not too different in the two cases, 

contrarily to the speed of convergence, which is more rapid under substitutability. In 

addition, under substitutability, VT is more important in the productive process because 

of the behaviour of VH accumulation - strong accumulation - together with the strict 

complementarity between types of HC and types of IGs. 

We will further analyse the impact of government intervention. The choice of 

values for parameters, sx, sr, and i^ in table A3.4 in Appendix 3 comes from the analysis 

in section 2.3, in subsections 2.5.3 and from reality. The IGs production subsidy, sx, is 

chosen assuming that government fiscal policy can offset the distortions caused by 

monopoly power - i.e., sx = (q-l)/q. The R&D subsidy, sr = 0.30, is in line with Bental 

and Peled (2002), and is thus smaller than sr = sx as recommended by Segerstrom and 
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Zolnierek (1999), if q > 1.43. The value for assets income tax is given for two different 

cases: (i) supposing the usual tax fixed at around 0.35; (ii) assuming the value zero. 

As expected, we find that under government intervention there are strong benefits 

to consumption. Table A3.4 presents the variation in the initial level of consumption 

which leads individuals to be indifferent to whether there is governmental intervention or 

not. We observe that in cases (i) and (ii) individuals would require an increase in the 

initial level of consumption greater than 0.30 and 2.55, respectively, to be willing to end 

government intervention and obtain the same level of consumption at t = 27 - remember 

that at time t = 27 the steady state is reached in a decentralised case. 

3.5.2. Sensitivity analysis to the baseline results of the South 

Table A3.5 in Appendix 3 contains the effects on steady state values of the TK 

gaps and the gaps in HC at work and on the speed of convergence when allowing one 

parameter, or the initial level of the variables Qjm and m(. | w), at a time, to vary from 

the baseline case, considering the benchmark catching up term. We also observe some 

differences between the three alternative catching up terms - see table A3.6 in Appendix 
177 

3. The first general conclusion that emerges is that the small impact of parameters and 

variables change on the steady state occurs with the benchmark catching up term.178 

We observe that improvements in the successful probability of imitation, due either 

to higher AP, $P, PE, õ7 or o2 or to smaller a - which, remember, implies a smaller q -

decrease the steady state TK gap between countries, since this is equivalent to reducing 

the cost of imitation. This makes the relative return on R&D investments large. 

Moreover, the speed of convergence increases with higher õ 2 , but decreases with higher 

AP, PP and PE and is not affected by changes in a and o, . Furthermore, the impact on the 

speed of convergence towards the steady state of AP, $P, PE and a - parameters common 

to all catching up terms - is smaller with the benchmark catching up term. 

A higher pV, PE or AP implies that at the end of the adjustment process the gap in 

HC at work increases. This is because under these situations the Southern TK progress 

increases, which, in turn, increases wages and, as a result, individuals devote less time to 

In order to observe the differences across the results under the three alternative catching up terms, the 
variations in parameters and initial conditions considered in table A3.6 are very small. 
178 Note that the effect on the steady state growth rate - defined by the North - was described in the last 
subsection. Thus, for example, here we consider that the parameters that are common to both countries (a, 
0, p, Ô, (p , %s, %T and (|)) only change in the South. 
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work. Since the South does not affect the world steady state growth rate, some exogenous 

change that narrows the TK gap tends to be compensated in some measure by the 

increase in the gap in HC at work. Otherwise, the convergence in levels between 

countries is strong. Thus, as a smaller Southern a decreases both the TK gap and the gap 

in HC at work, and strongly increases the convergence in levels between countries - note 

that here we consider that changes in a occur only in the South; if this was not so, the 

Northern growth rate would increase and the gaps could increase - see equation (3.8). 

A very interesting issue here is to observe the Southern implications when it is 

either faced with different values for the threshold parameter d, or it begins with different 

TK gaps, or even with different gaps in HC at work. 

Our simulations provide us with some evidence about the way d influences the 

Southern catching up. Considering particularly the two alternative catching up terms, the 

main finding is that the smaller the initial value of d, the smaller the TK gap will be in 

steady state - i.e., the greater Qjm - and the greater the gap in HC at work will be - i.e., 

the smaller m (. | w). Moreover, the incremental gain in terms of TK compensates the loss 

in terms of HC. The reason for this result is that the smaller the value of d, the greater the 

probability of successful imitation and the larger the TK imitation and Southern growth 

in transition. In such cases the speed of convergence to the steady state growth decreases. 

The effects of changes in the initial gaps between countries are different. When the 

initial specialised TK gap or the gap in SH at work increases, it also leads to a greater 

steady state specialised TK gap. This is primarily due to the smaller opportunities 

afforded by imitation, mirrored in the smaller duration of the process of transition toward 

the steady state. This weakens the 'specialised side' of the South, in which the country is 

relatively stronger. On the other hand, when the initial versatile TK gap or the gap in VH 

at work widens, it weakens the 'versatile side'; i.e., it strengthens the 'specialised side', 

in relative terms. Consequently, this leads to a longer duration towards the steady state 

and a smaller TK gap. Briefly, the convergence in levels between countries is greater the 

smaller the initial specialised TK gap and the gap in SH at work between them. Hence, 

sensitivity analysis shows that the steady state depends on the initial conditions.179 

The less patient and the more keen individuals are on consumption smoothing the 

greater the steady state TK gap and the steady state gap in HC at work, and the smaller 

the transition phase towards the steady state. 
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Southern behaviour is also sensitive to changes in the parameters of the HC 

production function. Of these, the substitution parameter § must be pointed out. When 

the two types of training are complementary (remember that here this is only true in the 

South - the North remains in the baseline case), the South reaches a relative higher level 

of both TK and HC at work, and needs less time to converge towards the steady state. 

The opposite applies when the two types of training are substitutable. Regardless of the 

catching up term, this occurs because the accumulation of SH is greater when the two 

types of training are complementary, since the share of time devoted to work is smaller 

and so more time is devoted to training - see table 3.6 below. It is also clear that the 

South benefits greatly from improvements in jj, since SH is OJT intensive. 

Table 3.6. Share of time devoted to working under different values for § 

Value 
uwP(.\VH) uwP(.\SH) 

Value 
t=0 f t=0 f 

-10.0 0.43 0.69 0.46 0.66 

Value 
uwP(.\VH) uwP(.\SH) 

Value 
t=0 f t=0 f 

0.20 0.44 0.64 0.47 0.72 

Value 
uwP(.\VH) uwP(.\SH) 

Value 
t=0 f t=0 ,ss 

0.90 0.47 0.60 0.48 0.79 

It is possible to verify that Southern government intervention can enhance the 

steady state TK gap - and thus inter-country wage inequality - and relative consumption, 

Cp(t
ss \m)/C, (tss \m) .18° Note still that the effects resulting from the increase in AP are also 

in line with the use of a new GPT which is useful to all Southern FGs at the same time. 

Looking for example at equation (2.32), we have it that the path of intra-country 

wage inequality in both countries is determined by the North when TK diffusion starts. In 

fact, from time to on, FGs price indexes remain constant and QJ and QJ always grow 

at the same rate - e.g., equation (3.62). Considering for example equation (2.31), we 

have it that inter-country wage inequality stays constant in steady state, but it is smaller 

than at time to, since the South-North TK gap narrows. Moreover, the steady state inter-

country wage inequality is clearly smaller, when: (i) AP is greater, since it directly 

reduces the gap and cuts the TK gap between countries; (ii) imitation capacity is better; 

(iii) schooling and OJT are complementary; and (iv) government intervention occurs. 

179 This is also true in autarkic North and, as we will see in the next chapters, in the other IT regimes. 
180 For example, a simpler sx = 0.20 implies that in steady state QjV"=0.64, QjS"=0.75, VH=0.37, 

SH =0.43, CP(.\VH)/C,(.\VH)=0.21 and CP{.\SH)IC, {.\SH) =0.26■ 
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In summary, we can state that sensitivity analysis shows that changes of parameter 

values and initial conditions yield similar stable paths to the steady state, differing 

however in terms of the steady state levels of the variables which they approach. 

3.6. Some elements of synthesis 

Empirical growth literature suggests that R&D and HC accumulation are the two 

driving forces of endogenous growth. Following this proposal, we merge the 

Schumpeterian and the HC growth theories in the same framework, considering that 

there are two substitutable technologies of production. We believe that this structure is a 

technical improvement on the existing R&D-based endogenous growth models, since the 

usual comparative static results of Schumpeterian growth theory are still valid, while, in 

addition, enabling us to explain various other related facts. 

In accordance with the empirical evidence against scale effects (and with our 

particular purposes), our framework exhibits endogenous steady state growth without 

scale effects. A typical prediction from the first-generation R&D-based endogenous 

growth models is that the size of an economy exerts a positive effect on its growth rate. 

The positive growth scale effect predicted by the theory appears, however, to be 

inconsistent with some recent empirical works. These works highlight that over the last 

forty years, there have been important increases in R&D activity in most of the major 

economies, yet there has been no increase in the rate of growth. Using time-series 

evidence, Jones (1995a), for example, has argued that these phenomena must lead one to 

the rejection of standard R&D-based growth models which incorporate scale effects. 

Subsequently, a new class of growth models has been developed to rectify the 

problem. Nevertheless, there is a potential problem associated with the new models. The 

long run growth becomes semi-endogenous in the sense that TK change is endogenous 

but the long run growth rate is exogenous, as is the case in the neoclassical growth 

model. Moreover, little progress has been made in developing North-South models 

without scale effects - in addition to our model, the exceptions seem to be the recent 

works of Dinopoulos and Segerstrom (2004) and Sener (2003). 

Even though we ignore the endogenous growth debate on scale effects, we can 

state that our growth model is consistent with the empirical observations of the absence 

of scale effects on growth and, in addition, the long run economic growth rate remains 

endogenous. Basically, the economic growth rate depends on (i) government policies -
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as, for example, in Howitt (1999); (ii) individual preferences; (iii) FGs production 

technology; (iv) HC production technology; and (v) R&D technology. 

As the economic growth rate is endogenous, government policies that affect the 

intensity of successful quality innovations, IGs production and assets income have 

permanent effects on the growth rate, as well as the consumer's subjective discount rate 

and the inverse of the intertemporal elasticity of substitution. It is interesting to observe 

that in order to improve the growth rate, the resources to subsidise IGs production and 

R&D must be obtained from an HC income tax. This is because the steady state growth 

rate is independent of the HC income tax. 

The constant - common to both countries - world steady state growth rate without 

IT is commanded by Northern TK progress, and it is not affected by the South. This 

means that it is affected by changes in both exogenous parameters and variables in the 

North, but it is not affected by changes in the exogenous parameters and variables 

specific to the South. For example, improvements in A/ help the world steady state 

growth rate, but they widen, direct and indirectly,181 the TFP gap between countries and 

the inter-country wage inequality; improvements in AP do not influence the world steady 

state growth rate, but they do depress, direct and indirectly,182 the TFP gap between 

countries and the inter-country wage inequality. To sum up, due to TK diffusion, it is TK 

progress in the North and (domestic) HC accumulation that drive endogenous growth. 

As to the influence of HC production parameters on the steady state world growth 

rate, we observe that the more intensive the use of schooling, which is the more 

productive mode of HC production, the higher the steady state growth rate. In addition, 

improvements in the productivity of both modes of HC accumulation - schooling and 

OJT - also increase the steady state growth rate. The greater the substitutability between 

modes of HC production, the higher is the use of schooling, and thus the higher the 

growth rate. That is to say, the intensity of the use of the two modes of HC accumulation, 

the respective levels of productivity and the degree of substitutability between them, 

have a crucial impact on the steady state growth. This underlines the importance of the 

HC production function in fully accounting for the role of HC accumulation in growth. 

Moreover, via FGs price indexes, the steady state growth is also affected by the 

structure of the HC at work. We are thus in agreement with the literature, which observes 

the influence of HC on growth by both channels, as a flow and as a stock. Thus, HC has a 

Indirectly because they increase the steady state TK gap between countries. 
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very significant implication for our understanding of the determinants of growth. 

Keeping in mind that in the South, the gap in HC at work between countries still affects 

its ability to imitate and implement TK advances. However, whereas in the literature 

about skill-biased technological change, the bias that causes wage inequality is mainly 

induced through the market size channel, in our framework it is induced through the 

price channel, which is, though, affected by HC. 

Finally, we must highlight that unlike some of the non-scale models - e.g., Jones 

(1995b) and Howitt (1999) - positive population growth is not a necessary condition for 

positive long run growth; and differently from Arnold (1998) and Blackburn et al. 

(2000), among others, growth depends not only on individual's preferences and HC 

accumulation technology, but also on vertical R&D activity. 

Our framework is also consistent with the existing cross-country evidence on 

growth rates. This issue is related to conditional convergence between some countries 

(upper and middle-income) and divergence between others (richest and some poorer 

countries). In other words, it is in accordance with the existence of 'club convergence', 

since the latter is restricted to a subgroup of countries, namely those who are able (and 

willing) to invest in R&D imitation activity. We can thus provide a theoretical 

explanation for the divergence in output that has occurred between some countries, as 

well as for the convergence that has taken place between others. The argument is thus 

based on the premise that the process of TK change undertaken in the North can only be 

easily appropriated by countries with at least some minimum level of development, 

relative to the TK frontier. Countries not fulfilling this requirement remain stagnant. 

Consequently, unlike the neoclassical growth model, our model predictions are 

pessimistic for countries that are a long way from the TK frontier. Moreover, in contrast 

to the neoclassical model, where convergence is entirely driven by the diminishing return 

on capital, convergence in our framework is completely driven by TK diffusion. 

As the Southern imitator country grows at a higher rate during the transition to the 

world steady state, the inter-country income inequality and, thus, the inter-country wage 

inequality decreases during this period. However, our assumptions with regard to 

exogenous levels of productivity related to institutions, As, and to the experience-

adjusted probabilities of successful research, Os, tend to keep the North as the TK leader, 

Indirectly because they decrease the steady state TK gap between countries. 
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and so its income level will always be higher than that of the South. In sum, there tends 

to be convergence in growth rates but not in levels - i.e., conditional convergence occurs. 

According to our framework, after a certain stage of development, (efficient) 

Southern innovation activity is necessary to ensure further growth (during a new process 

of transitional dynamics towards the steady state) and more convergence, since growth 

and convergence are limited in the imitative regime. Strictly speaking, more convergence 

is also possible due to some exogenous improvement in the imitation capacity of the 

South, which can be obtained by, for example, free IT. Thus, our framework agrees with 

the evidence in that it suggests that absolute convergence only takes place within groups 

of homogenous countries, which operate in similar institutional, legal and economic 

environments with the same technologies and tastes - e.g., Quah (1996, 1997). 

The distribution of the world income is then attributable to the existing TFP 

differences between countries. In particular, we observe that in steady state, both cross-

FGs and aggregate TFP are large in the North relative to the South, because of a 

differences in the exogenous levels of productivity, As, available TK, Qjms, HC 

composition, m, and differences in productive structures, Ns. 

International TK imitation is then a window of opportunity for (some) developing 

countries, namely those which can imitate. It is also true that, in steady state: 

(i) The productive structure and relative prices tend to be constant. In addition, the 

productive structure, relative prices and growth in the North are not influenced by the 

South, rather, the inverse is true. In particular, the path of intra-country wage inequality 

is defined by the North (at time to, when TK diffusion starts, and from this time on). 

(ii) The TK and relative wages have steady state dynamics. 

(iii) There is a Schumpeterian factor-price equalisation result between the North and 

the South, since the growth rates of wages converges between these countries. This is 

because their TK indexes grow at the same rate, owing to international TK diffusion (and 

not to IT, which does not exist in the present chapter). 

(iv) Wage levels between the North and the South do not converge completely due to 

differences in exogenous levels of productivity, due to differences in available TK and 

due to the international immobility of the HC. However, since the South grows faster 

during the transition to the world steady state, there is some convergence in wages. 

We extend the developed framework to the world implications of a new GPT. 

Basically, we show its consequences on world growth, levels, versatile premium, 
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structure of production and TFP differences into two different, but possible, scenarios: 

(i) when the new GPT is beneficial to the production of all FGs at the same time in each 

country (and first in the North), and (ii) when first the new GPT is beneficial to the 

production of some FGs in each country (and again first in the North). 

In the first scenario, there are three distinct phases, which can be quite long. In the 

first, there is a growth effect in the world, due to the improvement in the productivity of 

schooling and OJT activities. In the second, the new GPT is used in the North, thereby 

stimulating a new growth effect. Furthermore, both the level of the output in the North 

and the TFP differences between countries increase. In the third, the new GPT is also 

used in the South. Then, its output level increases and the TFP differences decrease. 

In the second scenario, there are five distinct phases, which can also be long. In the 

first, there is no difference relative to the last scenario. In the second, the new GPT is 

used only in VT in the North. This leads to a new world growth effect. In the North, there 

is also a level effect, the versatile premium increases and the threshold FG decreases. The 

TFP differences, TK gap and inter-country wage inequality increase. In the third, the new 

GPT is used in the production of all FGs in the North. Here again there is a new world 

growth effect. In the North, a new level effect arises, but now the versatile premium 

decreases and the threshold FG increases. The TFP differences, the TK gap and the inter-

country wage inequality grow again. In the other two phases, the new GPT is introduced 

in the South in VT and in ST, respectively. Then, there are no world growth effects. 

Level effects occur in the South and the behaviour of the TFP differences, TK gap and 

inter-country wage inequality is favourable to this country. The conduct of the versatile 

premium and of the threshold FG in phases 4 and 5 in the South is equal to what occurred 

in phases 2 and 3 in the North, respectively. 

We also speculate on the effects of a shock that increases the versatile-augmenting 

parameter vh. We can tell that it has a similar impact to that which occurs with the use of 

the new GPT in VT. The main difference results from our assumption that vh is the same 

in both countries. Thus, this shock generates a world growth effect. It induces a positive 

level effect, increases the versatile premium and decreases the threshold FG, also in both 

countries. Consequently, a shock in vh could be an additional explanation for the increase 

in versatile premium, but in both countries at the same time. 

To better understand the behaviour of our framework, we have solved it 

numerically for reasonable parameter values using a fourth-order Runge-Kutta classical 
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method. The baseline parameter values were chosen based on the empirical literature and 

on our theoretical assumptions. Basically, considering the equilibrium in the labour 

market, free entry condition into R&D, individual utility maximisation with individual 

optimal time allocation, we are able to characterise the transitional dynamics in both 

countries. The time path of the system in each country converges to the steady state and 

stays there without any exogenous perturbation; i.e., the adjustment processes are stable. 

Without IT effects the North is unaffected by the South and rapidly reaches the 

steady state. Moreover, growth is at first driven by HC behaviour and then by R&D. 

Putting it simply, in the transitional dynamics analysis of the South, we have 

considered that the North is already in steady state. The South converges immediately to 

a unique stable country specific growth path, but its adjustment process only ends when 

it reaches the (world) BG path established by the North. In a normal situation, it achieves 

higher growth rates during the transitional dynamics phase due to the TK backwardness. 

That is, rates of imitation are greater than rates of innovation out of the steady state, since 

the probability of successful imitation depends on both the South-North TK gap and gap 

in HC at work. Furthermore, convergence is at first driven by Southern HC behaviour 

and then by Southern imitation. As stated, this makes our framework similar to the 

neoclassical model, in the sense that in our case the decreasing probability of imitation is 

analogous to the diminishing returns on capital in the neoclassical model. 

We confirm numerically that capital gains in the South do not exist in steady state, 

being only present in transition, and that the level of consumption, wages and TFP - in 

FGs and in aggregate terms - increase vis-à-vis the North. An increase in the relative 

welfare is thus observed. However, in steady state, wage and TFP differences remain 

between countries. Moreover, we verify that, after to, the TK diffusion has no influence 

on the versatile premium between countries or, rather, due to TK diffusion, the Northern 

path of intra-country wage inequality also occurs in the South. However, in our baseline 

case, the versatile premium level is greater in the South. 

On the whole, our framework does in fact provide a dynamic argument from the 

point of view of the Southern imitator country in favour of TK diffusion by imitation, 

and this seems quite consistent with reality. The catch up pattern of TK resulting for the 

South - under a reasonable catching up term - seems to be in line with the experience of 

recently industrialised countries, such as Brazil, Greece, Ireland, Portugal, Spain, 

Thailand and Turkey, which had a fast initial rate of catch up that then slowed down. 
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Further, sensitivity analysis shows that the model behaves in a qualitatively similar 

way for the ranges of parameter values tested. In fact, similar stable saddle paths to the 

steady state are obtained, differing only in the specific levels of the steady state of the 

variables which they approach. We confirm that the North (and so the world) grows 

faster in steady state: (i) the higher the exogenous levels of productivity in the production 

function, which also increases the speed of convergence, and in the training sector; (ii) 

the more intensive is the use of the more productive mode of HC accumulation; (iii) the 

lower depreciation rate of HC; (iv) the more efficient R&D sector, which also moves the 

economy faster towards the steady state; and (v) the more patient and the less keen 

individuals are on consumption smoothing. 

The steady state growth rate is relatively insensitive to the value of the substitution 

parameter in the HC production function. The opposite occurs with respect to the speed 

of convergence, which is greater under substitutability, as well as the importance of VT. 

Also the occupational choice between HC accumulation and production and between 

schooling and OJT is very sensitive to this parameter. For example, under substitutability 

the effort in schooling and in OJT is very different according the HC accumulated. Thus, 

the schooling activity tends not to be sufficient to measure HC accumulation and growth, 

and this could be a theoretical explanation for the mixed evidence of empirical studies on 

the relation HC accumulation-growth. This suggests that the inclusion of another type of 

training (OJT) in addition to schooling in HC accumulation function is in order. 

We further verify numerically that the path of the versatile premium can be 

decreasing or increasing. The former occurs in our baseline case, where the price channel 

operates in favour of the relatively scarce HC, SH. The latter arises if ST is strongly used 

in the North. This takes place when A/ and p/ are higher, when a is smaller and when it is 

relatively easier to accumulate SH. Thus, in particular, intra-country wage inequality is 

more likely to prevail when changes in Northern production of HC relatively enhance the 

accumulation of the type of HC that is relatively abundant in the South. If so then the 

relative price of specialised FGs is small and the TK is directed to the versatile TK; i.e., 

the price channel is strong enough to revert to the TK bias and so works in favour of VH. 

Finally, we confirm that government intervention generates strong benefits at the 

level of consumption in the North. 

When we consider the sensitivity analysis in the South, we confirm that changes in 

parameters which improve the successful probability of imitation narrow the TK gap 
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between countries and the inter-country wage inequality. Specifically with respect to the 

increase in the TK gap threshold - i.e., a decrease in d - , our simulations suggest that the 

incremental gain in terms of TK compensates the loss in terms of HC, and that the speed 

of convergence to the steady state growth decreases. 

It is also apparent that the effects of changes in the initial gaps between countries 

are distinct. If the initial specialised TK gap or the gap in SH at work rises, a greater 

steady state specialised TK gap occurs. This is due to the diminished opportunities 

afforded by imitation, reflected in the less time taken by the transition process towards 

the steady state. However, if the versatile TK gap or the gap in VH at work widens, it 

leads to a slower speed of convergence towards the steady state and a narrower TK gap. 

The less patient and the more keen individuals are on consumption smoothing, the 

greater the TK gap and the gap in HC at work are in steady state, and the smaller the time 

taken towards the steady state. Southern behaviour is also sensitive to changes in the 

parameters of the HC accumulation technology. Thus, if the two types of training are 

complementary, the South reaches a higher level of both TK and HC at work, and needs 

less time to converge towards the steady state. The opposite applies when the two types 

of training are substitutable. It is also clear that the South benefits considerably from 

improvements in the productivity of OJT. Finally, government intervention can improve 

the TK gap and its consumption relative. 

In the next chapters, we extend our framework to IT. In chapter 4, we consider that 

only IT of IGs is possible and, in chapter 5, IT is totally free. We follow again the steps 

taken in the previous chapters. Thus, first we briefly model the economies, underlining 

the differences between IT regimes. For instance, the IT of IGs by allowing immediate 

international access to the state-of-the-art IGs, must strongly affect the productive 

structure, prices and wages in the South, bringing about partial convergence to the North. 

Furthermore, the discussion of international IPRs - in addition to the domestic ones - can 

be done, as well as the analysis of the resulting world steady state - growth, prices and 

wages - , TFP differences, implications of a new GPT, transitional dynamics and 

sensitivity analysis. Chapters 4 and 5 differ since the dynamic growth effects of IT 

operate through the IT of IGs, where R&D is directly applied, while the effects of IT on 

FGs are limited to the somewhat more traditional - in IT theory - effects, such as the 

pattern of FGs specialisation of the economies. 
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CHAPTER 4 

NORTH-SOUTH TECHNOLOGICAL KNOWLEDGE 
DIFFUSION WITH TRADE OF INTERMEDIATE GOODS 

4.1. Overview 
So far we have considered TK diffusion without IT effects. In this chapter we 

introduce IT of IGs, which is the relevant trade since R&D is directly applied in IGs. 

This brief overview highlights some particularities induced by the IT of IGs 

regime, in addition to the respective draft already presented in the first chapter. 

IGs embody TK progress and here we assume that they are traded without any 

trade costs.183 Contrarily to the Heckscher-Ohlin-Samuelson (HOS) model, where the 

focus is on goods markets and IT is driven by differences in factor endowment 

proportions between countries, our focus here is on R&D activity, and IT is driven by 

differences in TK between countries. That is, a dynamic version of the static Ricardian 

model directly explains the IT of IGs. However, in our case, (dynamic) factor levels are 

also present. They affect R&D and so IT. Thus, a dynamic version of the static HOS 

model is also considered. In addition, R&D activity is affected by the adjustment terms 

and the versatile and specialised augmenting parameters in the production function. Since 

they affect the HC productivity, we can go further by stating that a dynamic version of 

the static Ricardian model is also indirectly included. 

We maintain the assumption that there are two countries in the world, the Northern 

innovator and the Southern imitator. As a result, the South is again sufficiently close to 

the TK frontier. That is, its specialisation is again in the R&D imitative activity, since 

its best R&D results are imitations of the North's innovations - as, for example, in 

Grossman and Helpman (1991a, chaps. 11-12).185 Thus, once again, the North never has 

an incentive to imitate, since there is never foreign (state-of-the-art) TK to imitate. 

The effects of IT costs are considered by, for example, Dinopoulos and Segerstrom (2004). 
184 Concerning this, Kind (2004) has developed a more general North-South trade model since Southern 
firms choose whether to conduct imitative R&D, innovative R&D or specialise in agricultural production. 
185 Hence, under the IT of IGs, if the South is far away from the Northern TK frontier and/or if the 
Southern MC of production is greater than or equal to the Northern MC, then, for lack of resources, it is not 
able to import IGs. As a result, there is no possibility of IT of IGs and no possibility of commercial 
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Without IT effects, countries produce only for their domestic market and we have 

assumed that the MC of production is equal in both. Under IT of IGs, they produce IGs 

for the world market and we presume that, for historical reasons, the MC of production is 

greater in the North than in the South. Specifically, we assume that the price of the 

composite FG in the North is always the numeraire, in the measure that we have it that 

1 =MCi>MCp>0. This will be crucial for lower-priced imitation; i.e., so that Southern 

firms that support R&D imitative activity can produce and export state-of-the-art IGs. 

As stated in chapter 1, in order to achieve our objective, we further assume that: (i) 

countries are starting from the previous position, in which the North is in its autarkic 

steady state; (ii) the IT of IGs between countries is always balanced and, thereby, 

international capital flows do not occur - i.e., the domestic interest rate is determined 

domestically - ; and (iii) international mobility of HC is not possible as well. 

The South can now immediately import higher quality Northern IGs for use in its 

FGs production and so it is no longer limited by its own ability to produce IGs.186 That is, 

the South will import IGs that have not yet been imitated since they have better quality, 

and export state-of-the-art IGs that it has imitated by under-pricing the innovator leader 

firms. Therefore, both countries will switch to incorporating imitated IGs in their FGs 

production whenever they are available, and IT reflects thus the differences in TK 

between them. Hence, TK transfers take place either through the Southern production of 

IGs with the best quality after successful imitation or through the importation of higher 

quality Northern IGs. Consequently, our framework is now a North-South IT model 

where the location of IGs firms can change over time. In each IG, the new quality is 

initially produced in the North by the quality leader firm but then, when imitation occurs, 

production shifts to the South - i.e., an IGs-cycle IT model results. 

There is an immediate level jump in Southern output when IT of IGs starts - i.e., IT 

of IGs confers a static benefit or level effect and this is the first effect of IT. This favour 

HC employed in the South by improving its productivity and induces some convergence 

in prices and in the pattern of FGs productive structure between countries. Thus, inter-

country wage inequality decreases and, in addition, intra-South wage inequality changes 

as well. Furthermore, from this time on, the world growth rate will be driven by Northern 

relations between countries. If so, TK divergence must occur between countries. We do not analyse this 
hypothesis. 
1 In this case, we could suppose that a learning-how-to-use advanced TK cost exists but for the sake of 
simplicity, it will not be taken into consideration. 
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TK progress and by domestic HC accumulation. However, although the TK in the North 

is in the lead, it is affected by the South in two ways: (i) demand for IGs depends also on 

the Southern HC structure due to complementarity between IGs and HC inputs in the 

production function, and (ii) incentives to innovation depend on imitation due to the 

'feedback effect' mirrored in international limit pricing. 

When the two countries open up to IT, their IGs leader firms - the ones that 

produce according to the latest patent in each IG - will be able to sell to a larger market. 

However, the difficulty in conducting R&D increases because of higher scale costs. We 

consider that the two effects practically counterbalance each other. In addition, Northern 

IGs leader firms are concerned with the joint probability of losing their markets either 

due to the next Northern innovation or due to a lower-priced Southern imitation. 

At first sight, the probability of successful imitation is now potentially better since 

the effect of the 'catch up theory' seems to be stronger. Indeed, the catching up term now 

includes the effect of openness to IT of IGs, which potentially improves the Southern 

imitation capacity. Accordingly, the expected profits for each Northern leader IGs firms 

tend to be now reduced, which can induce innovator firms to support R&D more slowly, 

thereby decreasing the steady state growth rate. However, the greater the probability of 

imitation, the faster Northern firms will need to obtain the next successful innovation in 

order to regain the world market. Moreover, since they produce IGs over less time, less 

Northern resources are spent in IGs production and, thus, more resources are available to 

support R&D. In short, there is a trade-off between the time in leader positions and 

between successful innovations: Northern leader IGs firms potentially remain less time in 

the market, but the time between successful innovations is also potentially smaller. 

In the same way, Southern IGs firms - which support R&D imitative activity - are 

driven out of the market by a new successful innovation and so their expected profits 

depend on the probability of successful innovation. There is therefore a 'feedback effect' 

between Southern imitator and Northern innovator firms, which compete for the world 

market. This allows us to state that the IT of IGs induces a dynamic interaction between 

countries, which potentially drives to a higher steady state world growth rate. In fact, 

when the probability of successful imitation increases due to the IT of IGs - i.e., the 

speed of TK diffusion increases - , it improves the ability of the South to benefit from 

innovations taking place in the North and generates a better efficient allocation of 

production in the world, since it becomes located in the South where MC is lower. This, 
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together with the initial level effect induced by the IT of IGs, feeds back into the North, 

affecting its TK through creative destruction and so the steady state world growth rate. 

We can also state that there is a trade-off involving the South-North TK gap. 

Southern IGs firms must decide whether to simply stay out of the market or, let FGs 

firms import IGs initially, and then support the R&D imitative cost in order to obtain the 

TK necessary to produce the state-of-the-art Northern IGs. As referred above, potentially 

the probability of successful imitation is now higher than without IT effects. However, 

the IT of IGs forces Southern IGs firms to support the R&D imitative cost of state-of-the-

art Northern IGs possibly several quality rungs above their own experience level.187 

Since the Southern firms must support R&D imitative activity of all quality levels 

between their current domestic level and the Northern state-of-the-art IG that they are 

targeting before they earn profits, the total resources required to bring about successful 

imitation are also potentially greater than before. Thus, on the one hand, a large TK 

gap favours the probability of successful imitation since the backwardness benefits are 

higher, but, on the other hand, Southern IGs firms need to spend more resources in order 

to support the R&D imitative activity of a large number of quality grades.189 

Looking at wage inequality, we observe that much of the literature available has 

focused on measuring the influence of TK bias and IT on growing intra-country wage 

inequalities. The early estimates reveal a critical impact from TK change - e.g., Bound 

and Johnson (1992), Levy and Murnane (1992), Katz and Murphy (1992), Juhn et al. 

(1993), Berman et al. (1994) and Berman et al. (1998) - and a rather weak influence 

from IT - e.g., Katz and Murphy (1992) and Krugman and Lawrence (1994). Generally 

speaking, the effect of the use of a new GPT on versatile premium, as presented in phases 

2 and 4 of the 2nd scenario of subsection 3.3.3 in the last chapter for the North and the 

South, respectively, is a theoretical explanation in line with this empirical literature. 

This diagnosis has been challenged for several reasons. First, the empirical 

methods used in estimations were controversial - e.g., Learner (1994) and Wood (1995). 

187 Without IT effects, the Southern IGs firms need only support imitative R&D to obtain TK up to one 
quality rung above the current Southern quality level, since they only sell the imitated IGs domestically. 
1 8 But smaller than the threshold TK gap in order for imitation to be possible. 
189 We can further imagine the extreme case in which all Southern IG firms had already imitated Northern 
leader IGs prior to opening to IGs free IT. Then, with the IT of IGs, Southern firms capture the IGs world 
market due to their MC production advantage. In each IG, the next innovator firm replaces the actual 
imitator firm, and Southern R&D imitative activity immediately seeks to imitate this new one. In this 
extreme case, the aggregate South-North quality level ratios will remain approximately constant and equal 
to / and, thus, there is no transition path. In any case, formally the steady state is always obtained using the 
equilibrium probabilities of innovation and imitations, following the same reasoning. 
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Second, TK bias was exogenous. Third, new estimates invalidated the first results - e.g., 

Wood (1994). Finally, the interpretations are based on a disputable a priori - i.e., TK 

bias and IT are independent of each other. To respond to these criticisms, the fundaments 

of the traditional explanations must be reconsidered. We believe that it is crucial to 

endogenise the TK change and integrate both explanations into a unified framework so 

that IT affects the shape of TK change. In this line, recent estimates obtained by 

Morrison and Siegel (2001) show that openness stimulates skill biased TK change. Thus, 

at least one part of the impact of TK demonstrated in the early estimates should be 

attributed to the IT of IGs. 

The latter can account not only for accelerating TK change, but also for change in 

wage inequality (and not only at intra-country level). In fact, openness to the IT of IGs 

induces more versatile-biased Northern TK progress than under the autarkic North, by 

increasing the incentives to develop new TK that is complementary to VH. Moreover, 

increased wage inequality also takes place and with greater intensity - due to the level 

effect - in the South when the IT of IGs starts, in accordance with recent empirical 

literature, which finds that the demand for skills have increased in less developed (South) 

countries - e.g., Hanson and Harrinson (1999a, b), Berman and Manchin (2000) - , but in 

opposition to the standard (trade) theory prediction. 

In short, the IT of IGs affects both HC returns and inequality. The former is 

affected by induced growth effects in both countries and also by the level effect in the 

South. Removing the scale effects, intra-country wage inequality depends on the North-

South average relative price of versatile FGs (price channel), which is, though, higher 

than the one in the autarkic North. More specifically, intra-country wage inequality is 

affected by the direction of the TK bias resulting from differences in prices of FGs in 

both countries and also by the level effect in the South. Inter-country wage inequality 

decreases due to the level effect and from then on remains constant. 

The debate between the North and the South on the enforcement of international 

IPRs has become a problem of major concern. For this reason, according to the terms of 

the Uruguay Round of General Agreement on Tariffs and Trade completed in 1994, less 

developed countries are required to strengthen IPRs protection, a measure that resulted in 

the trade-related IPRs (TRIPRs) protection. Thus, interestingly, at the same time that 

'globalisation' has been occurring, developed countries have been pushing for stronger 

international IPRs protection. The immediate question raised is: what are the long run 
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repercussions of this standing on the global rate of TK progress, on TK diffusion and on 

inter and intra-country wage inequality? We will attempt to answer this question. 

We will also explore some extensions of the model under the IT of IGs regime. 

First, we analyse both the cross-FGs and the aggregate TFP differences between 

countries in steady state. By allowing immediate access to state-of-the-art IGs, IT of IGs 

affects the productive structure in the South, bringing about partial convergence to the 

Northern structure and prices. Nevertheless, even when the countries have access to the 

same TK, differences in exogenous productivity and in HC generate differences in TFP. 

Thus, even in steady state, the cross-FGs TFP and aggregate TFP must be larger in the 

North, but to a lesser extent than in the previous rT regime without IT effects. 

Second, we analyse the effects of the use of a new GPT. Now, the South is no 

longer limited by its own ability to produce the best quality IGs. Thus, all phases begin at 

the same time in both countries. Moreover, in view of the analysis in the last YY regime, 

we expect that: (i) if the new GPT is used in the production of all FGs at the same time, 

there is an initial growth effect, which is increased in the next phase when a level effect 

also occurs; (ii) if, at first, the new GPT is used in the production of versatile FGs, there 

are three distinct phases. In the 1st, a small growth effect occurs. In the next phases, there 

are both level and growth effects. In addition, the versatile premium increases in the 2nd, 

but decreases in the 3rd and the opposite occurs for the threshold FG. 

We discuss briefly the effects of an increase in the versatile-augmenting parameter 

in the production function. It generates both a positive level and growth effects, increases 

the versatile premium and decreases the threshold FG. In other words, it induces the 

same type of effects as introducing the new GPT in the VT only. 

Off the BG path, the TK gap between countries changes and both observe 

transition paths. These transition paths are dependent on the relative TK levels and on the 

relative levels of HC employed and, consequently, on prices of FGs in both countries. 

Thus, the North is clearly affected by the South, and vice-versa. During the transitional 

dynamics, the difference in prices between countries, even after the initial (static) impact, 

induces a directed TK effect, which affects the versatile-specialised TK bias world 

measure and, thus, the versatile premiums as well as the inter-country wage inequality. 

Using once more the fourth-order Runge-Kutta classical numerical method, we 

solve our framework numerically for set baseline parameter values and set initial 

conditions. Due to the feedback effect between countries, now when one country is out of 
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the world steady state, which is influenced by the action of both, so is the other country. 

Thus, to analyse the stability of and convergence to the world steady state, the countries 

must be considered together. For the sake of simplicity, in the present chapter we will 

only consider the benchmark catching up specification. Next, we proceed by testing the 

robustness of the results to changes in parameters - i.e., with the sensitivity analysis. 

The remainder of the chapter is organised as follows. Sections 4.2 and 4.3 

describe the FGs and the IGs sectors, respectively. Section 4.4 characterises the domestic 

equilibrium given the state of the world TK and the stock of HC. Section 4.5 describes 

the alterations resulting from the IT of IGs on the R&D sector. Section 4.6 analyses the 

steady state: growth rate, comparative analysis and related effects. Section 4.7 presents 

the extensions: TFP differences between countries and consequences of a new GPT. 

Section 4.8 investigates the transition to and the stability of the steady state. Section 4.9 

performs a sensitivity analysis. Section 4.10 concludes with some elements of synthesis. 

4.2. Final goods sector 

Since there is no IT of FGs, each country maintains production of all of them. Once 

again, the production of perfectly competitive FGs uses specific IGs and specific HC. 

Thus, the production function of the nth FG at time t in country Z is, 

Ynz(0=Az 

jVH 

7*0'.'IVH) xnZ (k, j , t\ VH, I ) + xnZ(k,j, 11 VH,P) 

XnZ(k,j,t\VH) 

1-a 

dj n vhVHnZ(t\w) 

(4.1) 

jSH r 
jk(J,t\sH) XnZ(k,j,t\SH,l)+ XnZ(k,j,t\SH,P) 

*xnZ(k,j,t\SH) 

1-a 

dj (l-n)shSHnZ(t\w) 

Once more, (i) the 1st and 3r terms within square brackets sum up the contributions 

of the two types of IGs, while the 2nd and 4th represent the role of the specific HC inputs; 

(ii) parameters a G ]0,1[ and (1-a) are the HC and the quality-adjusted IGs shares in 

production, respectively; (iii) the term Az is a positive exogenous variable representing 

the level of productivity, dependent on the country's domestic institutions and Ap < A/. 

The HC terms include the quantities employed in the production of the nth FG -

VHn(.\w) and SHn(.\w) - and two types of corrective factor accounting for differential 
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productivities. An absolute productivity advantage of VH over SH is accounted for by the 

joint parameters vh and sh, since vh > sh > 1. A relative productivity advantage of either 

type of HC is captured by the adjustment terms n and (1-ri). These terms transform the 

FGs index n in a relevant ordering index: this means that VH is relatively more 

productive in producing FGs indexed by larger ns, and vice-versa. 

Each of the two IGs terms includes an adjustment for quality that reflects a stylised 

TK change process of the quality ladder type. As stated, q and k are the size of each 

quality upgrade obtained with each successful research - exogenously constant greater 

than one - and the rungs of the quality ladder, respectively. More specifically, we 

consider that q is sufficiently large, such that q > MC, /MCP . As will be clear in the next 

section, in this case: (i) an IG firm that supports R&D in the North captures the world 

market with a single quality level improvement over the IG firm in the South that 

produces according to the latest lower-priced imitation; and (ii) an IG firm that supports 

R&D in the South captures the world market by imitating the IG leader firm, since, due 

to lower MCs, it can under-price the Northern IG leader firm. Thus, production will shift 

to the South, whenever a successful imitation of a Northern leading quality takes place. 

Production function (4.1) already cares about that the quality grades within an IGy 

are perfect substitutes as inputs to production and, as we will see in the next section, that, 

owing to profit maximising limit pricing by the monopolist producers, only the highest 

quality available of each IG is in fact used in the production of FG n in country Z. Thus, 
k(j,t\m) 
J y [x„z(k,j,t\m,l) + xnZ(k,j,t\m,P)] => qkUÀm)[x^(k,j,t\m,I) + xnZ(k,j,t\m,P)]. (4.2) 
k = 0 

Equations (4.1) and (4.2) take into account that the quantity of the quality rung k of 

the IG; used in the production of FG n in country Z, together with domestic m-type HC, 

can be produced by either the North, xnZ(k,j,t\m,l), after a successful innovation or by 

the South, xnZ(k,j,t\m,P), after a lower-priced successful imitation of the leading 

Northern quality level. Therefore, the quality level of IGs rises exclusively due to the 

R&D innovative activity - and the size of quality improvements are large -, and so do 

FGs output in both countries. However, both countries use the state-of-the-art IGs in their 

FGs production; i.e., k = k{ >kp, which can be produced domestically or not. In the 

latter case, countries immediately import the higher quality IG for domestic use. 
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We are in the presence of a Vernon-type IG cycle with production shifts from the 

North to the South with successful imitation and back with next successful innovation. IT 

directly reflects the differences in TK between countries, due to their R&D activities, and 

not only their factor level proportions,190 as in the HOS model. Based on the size of the 

TK gap in each IG, there will be three types of IG firms in the world owing to the static 

Bertrand price equilibrium - e.g., Grossman and Helpman (1991a, chap. 12) and table 

4.1 in the next section: (i) Northern IGs firms facing Northern competition, since the 

quality one step below in the quality ladder has not been copied; (ii) Northern IGs firms 

facing Southern competition, since the quality one step below in the quality ladder has 

been copied; and (iii) Southern IGs firms facing Northern competition. 

Let E(ra) and [i-H(m)] represent the proportion of IGs with production in the 

North and in the South, respectively. Within H(m), let y(m) and [l-y(m)] represent the 

proportion of IGs with production in the North that face imitator competition - i.e., 

imitator TK is less than two quality levels behind - and those that do not - i.e., imitator 

TK is more than two quality levels behind - , respectively. In the next section, we 

formalise both H(ra) and y(ra). Given the IGs life cycle, equation (4.1) can be written as: 

Y„z=Az 
,JtO'lvH) E(j\VH) y(VH)XnZ(k, j\VH,I) + [1-J(VH)] xnZ(k, j\VH,I) 

+[l-E(j\VH)] Xa(k,j\VH,P) 
l~a 

dj nvhVHnZ(t\w) 

,k(j\SH) E(j\SH) y(SH)xnZ(k,j\sH,i) + [l-y(SH)]xnZ(kJ\SH,i) 

+ 

+ 

(4.3) 

+ [l-E(j\SH)] xnZ(k,j\SH,P) 
-,-il-a 

dj (1-n) shSHnZ(t\w) 

Since the market for FGs is competitive, the representative producer of FG n takes 

the prices of their products, the price paid for (a unit of) m-type HC and the price of the 

IGs used as given and maximise profits. However, now there are three groups of IGs 

firms and, thus, there will also be three different limit prices for IGs to prevent sales of 

older TK on the world market - see table 4.1. Let p(j\ m, I, I ) represent the limit price of 

IG j that is manoeuvred by m-type HC with production in the North, /, which competes 

with other Northern firms. Then, in addition, there is the price of Northern firms that face 

190 I.e., IT of IGs depends on (dynamic) TK progress in the Ricardian tradition, and on (dynamic) HC and 
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competition from Southern firms, p(j\m,I,P), and the price of Southern firms always 

facing competition from Northern firms, p(j\m,P,I); i.e., (Z,Z) = {(/,/), (7,P), (P,I)}. 

The zero profit equilibrium of the (constant returns to scale perfectly competitive) 

FGs producers - i.e., the FOCs of the maximisation problem - yields the demand for (the 

highest quality of) each IG by the representative producer of the nth FG in country Z: 

xnZ(k,j,t\VH,Z,Z) = nvhVHnZ(t) 
p(j,t\VH,Z,Z) 

lia 
Mj,t\vH) 

1-a 

(4.4a) 

xnZ(k,j,t\SH,Z,Z) = (l-n)shSHnZ(t) pnZ(t)Az(l-a) 
lia 

MjJlVH) 
1-a 

(4.4b) p(j,t\SH,Z,Z) 

In equations (4.4a, b), pnZ(t) is the price of FG n in country Z. From these 

equations, the demands of IGs manoeuvred by each m-type HC of the representative FG 

firm n in country Z are - to simplify we omit both country and time indexes:191 

xn(k,j\VH) = nvhVHn PnA(l-a) 
lia 

J K j M 
1-a 

E(j\VH)j(VH) 
1 } "a 

+ 

+ E(j\VH)[l-y(VH)] ' 1 ^ 
p(j\VH,I,l) 

lia 

+ [l-E(j\VH)] 

p(j\VH,I,P) 

p(j\VH,P,l)^ 

lia 

(4.5a) 

xn(k,j\SH) = (l-n)shSHn P„A(l-a) 
lia 

Mj\SH) 
1-a 

a E(j\SH)j(SH) 1 
lia 

+ E(j\SH)[l-y(SH)] 
lia 

+ [l-E(j\SH)] 

^PU\SH,I,P)J 

f 1 
p(j\SH,P,l) 

lia 
(4.5b) 

Thus, FGs firms demand more IGs when their product price, pn, is high, when IGs 

prices, p(j\m,Z,Z), are low, and when their HC employment, VHn(.\w) or SHn(.\w), 

and IGs quality, k(j,t\m), are higher. As equations (4.4a, b) already reveal, even when 

IGs are produced in the South, their quality level is the leading innovator quality level. 

Substituting equations (4.5a, b) into equation (4.1), the supply of FG n is - we omit 

again both country and time indexes: 

TK levels in the HOS tradition - in particular, in our case the factor level proportions are dynamics. 
191 If producers of FG n use VT the demand for xn(k,j,t\VH) is given by equation (4.4a), whereas the 

demand for xn(k,j,t \SH ) is zero, and vice-versa if ST is chosen. Similar considerations apply throughout. 
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Yn(.\VH)=A lia 
PnV-V) 

L
 a 

nvhVH„(-\w) Q( 

+ E(VH)[l-y(VH)] 1 
p(j\VH,I,l) 

l-a 

Yn(.\SH)=A lia 
PnO-V) 

m 
U-n)shSHn(.\w)Q/s 

E(VH) J(VH) 

'+ [7-S(V«)] 

E(MO y(SH) 

[p(j\VH,I,P) 
1% 

P? 

+ E(Stf)[7-y(Stf)] 
PU\SH,I,I) 

" J+ [7-S(fl/)] 

p ( ; | VH,/>,/)_ 

7 

PU\SH,I,P)) 

PU\SH,P,I) 

(4.6a) 

-1 

[*] 
(4.6b) 

ff«Aí|w)Ki-a)/a]<í. ^ Q 
,SH 

JSH= \ gkU,t\sH)l(l-a)/a] ,. (4.7) 

Where: 

«/■■r - - , 
are again two aggregate quality indexes, which measure the TK in each specific range of 

IGs available in both countries. The ratio QjwIQf" determines the relative productivity 

of the versatile TK, which is an appropriate measure of versatile-specialised TK bias in 

the world. Equations (4.6a, b) show that each country's aggregate output will depend 

directly on Qf" and QfH and on the respective domestic HC used in production. 

We define the output aggregate - the composite FG - in each country as: 

W ) = J Pm(t) YnI(t)dn = l\exp \lnYnI(t) dn 

Yp(0 = J PnpiO YnP(t)dn=MCP lexp 
I 

Í In Y P( t ) dn 
•M 

(4.8a) 

(4.8b) 

where we normalise (i) the Northern price of the composite FG in each period to 1 - i.e., 

the composite FG is international numeraire in the North - and (ii) the Southern price of 

the composite FG in each period to MCp. Furthermore, in equations (4.8a, b) 

0 < MCp < MCi = 1 since the Southern composite FG is produced at a lower MC. As will 

be clear below, the MC advantage of the South bears out in the production of IGs. This 

influences world-wide optimising limit pricing by the relevant competitive monopolists. 

4.3. Intermediate goods sector 
The production function of IGs is assumed to be the same as the FGs production 

function, since, by assumption, the production of IGs and R&D is financed by resources 
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saved after consumption of the composite FG or, equivalently, since the composite FG is 

the input in the production of each IG. The implicit assumption is that the production of 

IGs and R&D has the same versatile-intensity as aggregate production. Thus, the MC of 

producing an IG equals the MC of producing the composite FG and, consequently, its 

price, due to perfect competition in the FG sector. Once again, it is independent of the 

quality of the IGs and is identical across all domestic IGs. 

All FG firms in each country that use the same technology face the same input 

prices and choose the same input ratios. Consequently, the world aggregate demands 

X(j, t\ VH,Z,Z) and X(j, t\SH,Z,Z) for the highest quality of IG j at time t are - we omit 

index k since only the highest quality is produced:192 

i 
X(j,t\m,Z,Z) = J xnI(j,t\m,Z,Z) +xnP(j,t\m,Z,Z) dn . (4.9) 

In equation (4.9), (Z, Z) includes then three possible cases, (/, /), (/, P), and (P, I). 

The production of an IG requires a start-up cost of research, and so its profits must 

be positive for a certain period in the future. This is guaranteed by domestically enforced 

patents (IPRs),193 since the TK of how to make an IG is public within a country. 

Moreover, as the last Northern innovator is the only firm legally allowed to 

produce domestically the state-of-the-art quality IG, it will use pricing to wipe out sales 

of domestic lower quality in its IG. Depending on whether q ( / -a) is less than or greater 

than MCi it will respectively use limit or monopoly pricing to capture all the domestic 

market for its IG. In line with previous chapter, we assume that q (1-a) < MCi, implying 

that limit pricing strategy is binding and therefore is used by all innovator leader firms.194 

Furthermore, we assume that the size of quality improvements is greater than the 

North-South MC of production ratio, q> MC,/MCP .195 Then a Northern firm can 

192 Since final producers in the range [0,N] do not demand versatile-specific IGs, whereas final producers 
in the range [N,l] do not demand specialised-specific IGs, then (as we will see later): 

X(j,t\SH,l,P)= f x ,(j,t\SH,i,p)+ xnP(j,t\SH,l,P) dn =f'xni{j,t\sHj,P)dn+fxnp(j,t\SH,l,P)dn; 

X(j,t\VH,I,P)= f XnI(j,t\VH,I,P)+X (j,t\VHJ,P) dn = i XnI(j,t\vH,l,P)dn+ ! XnP(j,t\VH,l,P)dn-
o \_ ^ / Np 

193 In alternative to domestic patent protection, we could think that there is a cost of imitation domestically, 
which obstructs other firms from producing the IG. Otherwise, free-riding would prevent any R&D 
activity, since if firms could copy the design without costs, competition would drive ex-post rents to zero. 
Then, no firms would have an incentive, ex-ante, to support a sunk cost to design a new successful 
research. This also holds in the previous IT regime without IT effects. 
194 This is not a Southern problem, since an (imitator) entrant never competes with an (imitator) incumbent. 
195 In particular, we analyse the model's properties when MCj >MCP >MC,/q- The 1st inequality is 
crucial to guarantee that production shifts from the North to the South when a successful imitation occurs 
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capture the world market with a single quality level improvement over a Southern 

imitation, and a Southern firm can acquire the world market by a successful imitation 

since, owing to lower MCs, it can under-price the Northern IG leader firm. 

Now, we are going to solve the monopolist's maximization problem in order to 

obtain prices. As leader firms support different forms of competition, then to detain the 

world market with the greatest mark-up, we start noting that an entrant must consider the 

following MCs: (i) MCi when the new leader innovator firm - the Northern entrant, / -

competes with another innovator firm - the Northern incumbent, / - at the same MC.196 

(ii) MCp when the Northern entrant, /, competes with a Southern incumbent, P, with a 

lower MC;191 (iii) MCilq when the entrant is a Southern firm, P, with a lower MC, which 

always competes with a Northern incumbent, /, on the same quality rung.198 

Furthermore, considering that governments can subsidise the production of IGs by 

paying a fraction, sx, of each firm's production cost, the after subsidy MC of production 

for each one of the last three cases are: (l-sxi), (MCp-sxi) and {l-sxp)lq, respectively. 

To keep the productive structure in both countries independent of government 

intervention, we assume that sxi and sxp are equal. Given also the respective demands for 

IGs in equation (4.9), formally the world-wide maximisation programs are: 

Max IJ{j\m,l,l) = 
p(j\m,I,I) 

Max JT(j\m,I,P) = 
p(j\m,I,P) 

p ( ; | m , / , / ) - ( M C / - i ; t / ) 

p(j\m,I,P)-{MCP-sxI) 

X(j\m,l,l),MC[=l; (4.10a) 

Max IT(j\m,P,I) = 
p{j\m,P,l) 

p(j\m,P,l)-^{MCI-sxP) 

X(j\m,i,P),MCP<l; (4.10b) 

XU\m,P,I). (4.10c) 

and the 2nd inequality is crucial to guarantee that production shifts back to the North after a successful 
innovation. If instead q < MC, /MCP , then a Northern entrant IG firm cannot under-price the IG producer 
firm in the South when it tries to explore the next successful innovation. In fact, the Northern entrant IG 
firm will not even be able to sell its leading IG since its production would be more expensive in cost per 
quality units than the imitated second best quality IG (in the world). In this case, the Northern entrant IG 
firm would have to innovate twice before it could market its quality-adjusted IG. 
196 In this case, the last Southern IG producer is at least two quality levels behind. Thus, the Northern 
entrant firm must consider the MC of the Northern incumbent - considering no government intervention. 
197 Otherwise, if MC, is considered, the world market is captured by the Southern incumbent firm, which 
can use a price of the second best IG slightly above MCP. That is, if the Northern entrant considers MCi as 
its MC, the loss for FGs producers due to the increase in the price of a new quality IG is not compensated 
by the gain in terms of the increase in efficiency. 
198 As MCP > MCj I q the highest mark up that the Southern entrant can use is MC,, which corresponds to 
the lowest price that can be used by the Northern incumbent. In this way, the Southern entrant captures the 
world market and only another successful innovation can banish it. 
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Substituting the demand function, given by equation (4.9), into equations (4.10a-c) 

and after taking the derivative with respect to price and setting it equal to zero (FOCs), it 

is straightforward to derive the solution of the maximisation problems as: 

p(j\m,i,i) = p(m,i,i) = p(i,i) = 

p(j\m,i,P)= p(m,i,P) = p(i,P) = 

p(j\m,P,l) = p(m,P,l) = p(P,i) = 

1 

1-a 

1 
1-a 

\ 
MC,-sa 

Í 

J 

MCP-SxI 

> q 
v 

A f 
*q 

MC,-sx 

) 

1 1 
MC,-sxP MC,-sxP 

(4.11a) 

(4.11b) 

(4.11c) 
1-a q 

The limit prices chosen by monopolists in equations (4.11a-c) represent a mark-up 

on the domestic after subsidy MC of manufacturing IGs:199 q(MCi-sxi) > (MCi~sxi), 

q(MCP-sxI) > (MCi-sxi), and (MCi-sxP) > (MCp-sxP). Thus, (i) Northern entrants with 

better quality compete with a Northern incumbents at the same MC,20 and they capture 

all the market by selling at any price slightly below q(MCr-sxi);201 (ii) Northern entrants 

with better quality compete with Southern incumbents with lower MC, thus capturing all 

the market by selling at any price slightly below q(MCp-sxi);202 and (iii) Southern 

entrants with lower MC compete on the same quality rung with a Northern incumbent, 

and they capture the entire market by selling the IGs at any price below (MCi-sxp). 

Table 4.1 below summarises the three possible sequences of successful R&D 

outcomes and their limit pricing consequences at time t, given quality k at time t-dt: 

Table 4.1. World-wide limit pricing of the in-specific intermediate goodj 

t-dt t Proportion in 
IGs production 

p(j\m,Z,Z) 

North produces and 
exports quality k 

North innovates, produces 
and exports quality k+1 3(m) [l-y(m)] p(.\.,U)=q 

f \ 
MC,-sx, 

V J 
South produces and 

exports quality k 
North innovates, produces 

and exports quality k+1 E(ra) Y(m) p(.\.,I,P) = q 
f > 

MCP-sxl 

North produces and 
exports quality k 

South imitates, produces 
and exports quality k 1 - S(m) P(-\;P,D = 

f \ 
MC,-SxP 

v J 

199 I.e., we assume that {MC, - s J / (MCP- sx)< q < 1/(1 - a) instead of MC, jMCf < q < 11(1 - a) . 
200 That is, at least neither the k(j, t) = ki(j, t) innovation nor the kj(j, t)-l has yet been imitated. 
201 In this case, the lowest price the producer of the second best IG can charge is (MCi-sxI). The limit price 
reflects the fact the leader IG is q times more efficient than the second best domestically available IG. 
202 Remember that the lowest price the producer of the second best IG can charge is (MCP-sxP) when its 
production is located in the South and we have considered that sxP~sx[. 
203 Note that the lowest price the leader innovator firm can charge is (MC/-sxI). 
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These limit prices also indicate the effective market power of the IG producer in 

each IG. The first one is that which was derived in the previous IT regime and it is the 

highest. Therefore, there is a reduction in the mark-up, which can be understood as a 

reduction in pricing distortions due to the IT of IGs. Moreover, without introducing any 

changes in government intervention, the three limit prices are constant over time in each 

group of IGs and are independent of the quality level, which makes our problem 

symmetric. Finally, they are taken as given by the FG producers, which are price takers. 

Plugging the limit prices in equations (4.1 la-c) into equations (4.5a, b), the explicit 

demands of IGs manoeuvred by each ra-type HC of the representative FG firm n are: 

xn(k,j\VH) = nvhVHn(.\w) PnA 
(7-cc) lia 

q 
HJ\VH) 

7 - a 

mc™; 
(4.12a) 

xn(k,j\SH) = (l-n)shSHn(.\w) PnA 
(7-a) lia 

MÍ\SH) 

1-a 
J mc^ ■ 

(4.12b) 

Where: 

rac= E(m)y(m) 
lia 

KMCp-slxJ 
+ H(m)[7-y(m)] 

/ , A 1/a lia 

+ [7-3(/w)] 
MCj-sIx 

Plugging equations (4.12a, b) into equation (4.1 ) we get that 

KMC,-sPxJ 

Y„ =A' Pn 
H-a) m 

Where : M C H > S ( m ) y? + 

( 1 - n ) sh SHn (. | w) Qi" MCiH
r + nvh VH„ (. | w) Qj ™ MCÏH

r 

m. 
• (4.13) 

Y? = ïim) 

q 
yMC,-sxP; 

'l-al 
' • f? l ' • ^ 
yMCp-SxI j 

i \— 
MC,-s 

xl J 

1 1 l^
1 ' ' 

MC,-Sa MC,-sxP, 
[ * 

Equation (4.13) shows that the growth of FGs production in both countries is 

driven by improvements in the Northern quality of IGs and by the domestic employment 

of HC in the productive activity and, thereby, by domestic HC accumulation, VH and SH. 

The term y7 in the definition of MC?y is negative since 0<a<l, y(ra)<7, 

0 < MCp < MCi = 1 and (MC,-sx ) / (MCP- sx)< q< 7/(7 - a) . This term is useful in our 

modélisation of the proportion of IGs with production in the North, E(t\m). First, we note 
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that E(t\m) is equal to one minus the proportion of (quality-adjusted) IGs imitated at 

time t, pbP(k,av,t\ m) ,204 minus the proportion of (quality-adjusted) IGs imitated before 

time t, which have not been innovated again, S ; (t | m), plus the gains at time t due to 

successful innovation in the (quality-adjusted) IGs previously produced by the South, 

S2 (t | m). In formal form at time f:205 

E(t\m) = l-pbP(k,av,t\m)-EI(t\m) + E2(t\m) andy(t\m)= QJU(t). (4.14) 

In equation (4.14), pbP(k,av,t \ m) + Z1(t \m) > E2(t \m), Vf; that is, the South 

produced a positive number of IGs at each t, and Qjm(t) is a proxy for y(t\m). Thus, 

when y(t\m) grows, the absolute value or modulus of yf(t) ; i.e., \\ yf (t) ||, falls. It is now 

essential to formalise E1(t\m) and E2(t\m). We do so by assuming that E{t\m) and 

y(t\m) are constant in steady state and the same for all IGs of each m-type. Thus, 

al(,|»,-5l!Û±fiiÛ; (4.15a) 
y?(t) 

Where: E1(t\m)>0 since |?f ( f ) |> |E ; ( r ) | , E1(t)>0, Vf, and E 1(tss) = constant. 

E2(t\m) = a2(t) + yT(.t) pbi^aVit\m) ; (4.15b) 
y?(t) 

Where: | yj1 (t) \\ > \\E2(t) II, E2(t) >0, Urn E2(t) = 0 => UrnE2(t \ m) = pb,(k,av,t \ m) 
ii ii » r _ > , " (_«" 

Equation (4.15a) formalises the proportion of IGs successfully imitated before time 

t and which are not successfully innovated again, 2 i( i | m). It follows that it must always 

be greater than or equal to 0, E, (t \ m) > 0. As will be clear later on, for our purpose it is 

not necessary to explicitly formalise component Ej(t). We need only to guarantee that it 

is equal for m = SH and m = VH. Equation (4.15b) formalises the losses for the South 

due to successful innovations, E2(t \ m). We also consider that E2(t) is equal for m = SH 

and m = VH and, in addition, we assume that it tends to 0 when time t tends to the steady 

state.206 This is a realistic scenario, since, during the transition phase it is expected that 

204 To obtain an accurate measure of the share of quality- adjusted IGs imitated at time t, we assume that the 
average of all domestic IGs of each m-type, denoted by the index av, is the representative domestic IG. 
205 Generally speaking, Northern IG firms support innovative R&D in all IGs and Southern IG firms 
support imitative R&D in the E(i|m); i.e., in the IGs whose production is currently in the North. 
20 In equations (4.15a, b), E2(r|w)>E ;(f |m) since E1(t)>E2(t)- This is because the losses for the South 
due to successful innovations at each time t can be included in the set of (quality-adjusted) IGs previously 
produced by the South and, in addition, can also occur in the set of (quality-adjusted) IGs successful 
imitated at time t, when successful imitation and successful innovation occur at the same time. 
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initially the probability of successful imitation will be greater than the probability of 

successful innovation, but then falls more rapidly towards the steady state. 

In short, the measure of IGs with Northern quality leaders is an increasing function 

of the probability of successful innovation and a decreasing function of the probability of 

successful imitation - the converse is true for the measure of IGs with Southern quality 

leaders. This result also holds in Dinopoulos and Segerstrom (2004) and allows us to 

state that, in fact, several (or all) IGs experience cycles, as Vernon (1966) has argued. 

4.4. Equilibrium given R&D and HC accumulation 

In this section, we obtain the domestic equilibrium values for the threshold FG N, 

the aggregate variables Y and X, the price paid for a unit of each type of HC, its growth 

rate as well as a measure of inter and intra-country wage inequality. The procedure is 

quite similar to that which was developed in section 2.4. However, now the analysis is 

performed for a given state of the available (Northern) TK and the domestic HC levels. 

The production function (4.1) makes the VH relatively more productive in FGs 

with high indexes. Thus, if the index of the FGs decreases, the CA of VH also decreases, 

but the CA of SH increases. Hence, there is a threshold N e [0,1] such that for 0 < n < N 

only ST is used and for N < n < 1 only VT is used - e.g., Acemoglu and Zilibotti (2001). 

To derive N we start noting that the profit of the representative producer of the nth FG 

which uses ra-type HC, in the period t, is, similarly to equation (2.14), given by: 

nn{t\m) = pn(t) Yn(t\m) - \ p(j)xn(j,t\m)dj - wm(t) mn(t\w). (4.16) 

Where: Yn(.\vH)=A lia 
Pn-

Yn(.\SH)=A no. Pn 

a-a) 
q 

( 7 - a ) 

l-a 

nvhVHn(.\w)QfHMCvJl\ 

l-a 

(l-n)shSHn(.\w) QJjSHMC SH 

Taking equations (4.16), (4.12a, b) and (4.13) the per HC profit, xn(-\m), is: 

n„(-\vH) , . lia 

nn{-\sH) = 

VHn(.\w) 

nn{-\SH) 

[7-al 
l-a a 

q 
QÍ MC™ 

SH„(.\w) 
= (l-n)sh(pnAfa l-a 

l-a 
a J QÍMCl» 

{1 - « ) 
q 

(l-a) 

_WVH- (4.17a) 

VSH. (4.17b) 
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Since the FGs market is competitive, every FG producer obtains zero profits. 

Moreover, the operation 7tn{-\vH)-7tn(-\sH) is an increasing function of n over [0, / ] : 

l a 

(P„A) lia l-a 
vhQf MCg+shQi MCfy -shQf MC™ + M?H- „VH . (4.18) 

Besides, from the structure of production and the utility obtained with consumption 

of the composite FG, all FGs ne [0,1] must be produced. Thus, for any FG n, we have 

either xn(-\vH) =IIn(-\vH)= xn(-\sH)=17n(-\SH)=0, or 7tn(-\vH)=nn(-\vH) = 0 or 

7rn(-\sH) = ITn(-\SH)= 0. Furthermore, in equilibrium, no ra-type HC is unemployed and 

so a positive measure of FGs must be produced using VH and SH. Thus, there is a N, 

where 0<N< 1, such that nn{-\VH)-xn(-\sH)=0, and jtn{-\vti)-7tn(-\SH)>0 (<0) for 

all n > N (for n < TV).207 As a result, the production of the nth FG can be written as: 

Y. = 

, i / a 

ilia 

Pn 

Pn 

a-a) 
q 

(1-a) 

l-a 

MCÍ" (l-n)shSHn(.\w)QJ if 0<n<N 

l-a 
(4.19) 

MCl" nvhVHn(.\w) Qf if N<n<l 

In equilibrium, the marginal value product of each type of HC has to be equalised 

across all FGs industries - n > N for VH and n < N for SH; that is, 

dPnYn(t) 
(pnA)1,a 

(pnA)lla 

1- a 
q 

~i- a 

l-a 
a J MCiH

y (1 - n) sh Qj if n < N 

MClH
ynvhQJVH 

l-a 
a 

(4.20) 

if n> N 

Equation (4.20) gives the wage of the m-type HC and shows that if plla(l-n) and 

p1/a n are constants then the marginal value product is the same for all n e [0, N] and 

ne [N,l], respectively. Defining these constants as pSH(i/a) a n (j pVHum 5
208

 i\ïcn 

pn = pSH (l-n)'a and pn = pVH na , respectively,209 and substituting in equation (4.19): 

I.e., in the production function VH„ = *„(. | vh) = 0, V 0 < n <, N, and SH„ = x„(. \ SH) = 0, V N<n<l. 207 
2081.e.,pms are constants in the sense that they are independent of n (but they are dependent on the time f). 
209 Thus, we can write that the price paid for a unit of each type of HC, wm, is: 

p
SH

A l-a 
MCi" shQf' w™ = \PVHA 

lia r -iI 1~a 

l-a L a J MC™ vh Qf" ■ 
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Yn=< 
Yn

mU-n)a,Y„ a vSH - /Jla. .SH ( 7 - a ) 
i - a 

a MCl" sh SHn (. | w) fi/™ if 0<n<N 

Yn
VHna,Yn

VH=A1/a -VH O-a) 
/ - a 

(4.21) 
01 MClH vhVHn{.\w)QJV" if N<n<l 

In equilibrium, expenditures across FGs, p „ F „ , are equalised. Thus, we find that 

VHn(.\w) and SHn(.\w) are constant and equal in all ns using VH and S1//, 

respectively.210 To sum up, we have it - again, see equations (2.20a, b) - that: 

pn=pSH (l-n)-a, SHn(.\w) = -
N 

VH(.\w) 

, SH(. | w) = f SHn (. | w) dn and « < TV ; (4.22a) 

p n = pv" n-a,VHn{.\w) = V iAy , VH(. | w) = (vHn (. | w) dn and n > N. (4.22b) 
( i -TV ) Jw 

Both p and p are then two price indexes which can again be determined. As a 

result FGs with higher indexes produced with SH have a lower productive technology 

and so they command higher prices. The converse is true for versatile FGs. 

Next, we attempt to get the threshold FG N expression. From the previous analysis, 

we had it that for n<N, all firms using a ST make zero profit, while firms using a V T 

would obtain negative profits, and vice-versa for n > N. In the threshold FG n = N, both a 

representative firm that uses ST and a representative firm that uses VT should breakeven. 

In short, both equations (4.22a, b) should hold for n = N, and, such as in equation (2.21 ): 

.VH 

,SH 
N 

1-N 
(4.23) 

As pnYn is constant for all n, then from equation (4.21) pn Y™ (l-n)a = pn Y™ na 

or, using equations (4.22a, b) , P
SH Y„H = pVH Y™ . Substituting Y£H and Y™ in equation 

(4.21) and using once more equations (4.22a, b) and (4.23), we obtain TV as a function of 

the currently given variables determinants of economic viability of VT and ST: 

Nz = 1 + OT vhVHz(.\w) 
Qf* shSHz(.\W)_ 

-l 

(4.24) 

Equation (4.24) shows that if the T K in the North is highly versatile-biased; i.e., 

Qi I Qi " is large, and/or the VH employed domestically is relatively greater, then the 

210 That is, Pn Yn = Pn Y^H {l-n)a= constant => SHn (. | w) i s common in all FGs using SH. The same 

analysis implies that VHn(.\w) is also common in all FGs using VH. 
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fraction of FGs produced with VT is also greater - i.e., N is small. In this case, the 

relative price of versatile FGs is low - equation (4.23). Thus, the demand for specialised-

specific IGs is high - e.g., equations (4.12a, b) - increasing the demand for specialised-

specific new designs and inducing R&D aimed at improving specialised-specific TK. 

Hence, the structure of the stock of HC affects the direction of R&D through the FGs 

price channel - i.e., incentives to develop specific TK are weaker when the prices of FGs 

produced with the TK are lower due to their use of the relatively abundant type of HC. 

The static and first effect of IT of IGs affecting the South is clear in the equilibrium 

threshold Np. By providing access to the state-of-the-art IGs,211 IT affects the Southern 

FGs' productive structure, through the ratio Qj lQfs", bringing about convergence to 

the Northern structure and prices, which depend on N - see equation (4.23) above. Since 

the TK gap is always favourable to the North in either specific type of TK; i.e., 

Qjm >Qj>m because the South always lags behind, the South enjoys an immediate 

absolute benefit relative to the North in terms of factor prices, wm, and aggregate product, 

Y. This is apparent for now in equations (4.20) and (4.21) above, provided that both (i) 

the instantaneous jumps in the allocation of time between employment and HC 

accumulation, and (ii) the changes in mark-ups, are of second order. In fact, both the 

production of FGs and the marginal productivities of VH and SH increase with Qjm. 

Let us presume that the IT regime changes at time to from autarky to free IT of IGs. 

That is, that the jump in the available TK in the South to the measure of versatile-

specialised bias in the North occurs at to - see figure 4.3 below. Moreover, we consider 

again that equation (2.23) holds; i.e., the TK gap is relatively higher in the versatile-

specific type, and that initial HC levels are such that the North is relatively VH abundant: 

QTM , O£M and YKiikM>YËAkM (425) 
Qf\t0) QJp\t0) SHjitolw) SHP(t0\wy 

These assumptions imply that (the subscript aut denotes the autarkic regime): 

Np > N,;NPaut(t0) > Np(t0); and NpaJt0)-NIaut(t0) > Np(t0)-N,(t0)>0; (4.26) 

i.e., given the initial characteristics of the countries in equation (4.25) then - as we 

confirm later on numerically - the North always produces more FGs with VT than the 

South, although the direction of the immediate level effect is towards convergence in the 

structure of FGs' production and prices - see figures 4.1 and 4.2 below. Thus, contrarily 
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to the HOS model where the (final) goods are always intensive in a given factor 

regardless of the producer country - the strong factor-intensity assumption -, in our case 

factor-intensity reversal exists domestically and internationally. In fact, factor-intensity 

reversal holds at time to in the South and, as we see later on, also during the transition to 

the steady state in both countries. Moreover, there will always be FGs that are produced 

with VT in the North and with ST in the South - international factor-intensity reversal. 

Despite the immediate process of convergence in Southern productivity and prices 

of FGs and factors, the structure of FGs' production, prices and aggregate outputs remain 

different between countries, due to the maintenance of the gap in non-IT related 

exogenous productivity on FGs production, A/ > AP, due to the differences in domestic 

HC structures and due to the international immobility of factors. 

In spite of the absolute benefit relative to the North resulting from the static effect 

of IT on Southern individuals holding either type of HC, convergence brings about an 

immediate increase in inequality within the South - see figures 4.4 and 4.5 below. That 

is, increases in Southern wages are not balanced and, consequently, intra-Southern wage 

inequality occurs. In fact, against the IT theory predictions, the shift in the demand for 

VH is more pronounced, due to complementarity between IGs and HC together with the 

versatile-specific bias in TK, according to the first inequality in equation (4.25). 

Now we are going to find the aggregate output, Y, and the total resources devoted 

to IGs, X. To this end, we remember that the Northern price of the composite FG equal to 

unit, exp J lnpnIdn=l, and in the South it is smaller than unit, exp\ lnpnPdn=MCP<L 

Hence, with some algebra and equations (4.22a, b) and (4.23) we obtain: 

pf = exp (-a) Nj-a, p]H = exp (-a) (7 - N, ) " a ; (4.27a) 

pf =exp(mcP-a)Npa, pv
P

H =exp(mcP-a)(l-NP ) " a . (4.27b) 

In equation (4.27b), mcp is equal to lnMCP and so smaller than 1. From equations 

(4.27a, b), the prices of SH and VH specific FGs are high and low, respectively, if the 

Northern TK is very versatile-biased and if the domestic VH employed is relatively large. 

From equations (4.9), (4.12a, b) and (4.22a, b), the equilibrium total resources 

devoted to the IGs of each type per time t are equal to: 

X(t\SH) = sh SH(t\w) pSBAVzV 
lia 

met" Qj ; (4.28a) 

211 Remember that the South has access to the state-of-the-art TK, either by imitation or by importing. 
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X(t\VH) =vh VH(t\w) pVHA 
(1-a) 

lia 

mc™ Qi (4.28b) 

Moreover, from equations (4.27a, b) and (4.28a, b) we find that: 

lia 

212 

Xj -exp(-l) {1-cQ Qf shSH,(.\w) + QÍ vhVH,(.\w) 

mc QfshSHji.lw) + mc™ Qf vhVH,(.\w) 

(4.29a) 

Xp = exp{mcP-a) (l-a) 
lia 

mcfy 

QÍ shSHP(.\w) 

Qf" sh SHP(.\w) 
I 
2 + mc™ 

QÍ™ vhVHP(.\w) 

Qf vh VHP{.\w) 

(4.29b) 

From equations (4.8a, b), (4.19), (4.22a, b) and (4.27a, b), we get the equilibrium 

aggregate output, Y, as a function of the given Northern TK and domestic HCs at work: 

l-a 

Y^expi-DA', lia l-a 
q 

QÍS"shSH,{.\w) + 

MC SH QfshSH^.lw) +MCl 

Qf vhVH,(.\w) 

Qf vhVH,(.\w) 

(4.30a) 

Yp = expimcp -a)"" A lia nil a 
P 

l-a 
l-a 

QfshSHp(.\w) 
I 
2 
+ 

MC SH QÍ sh SHp(.\w) 
I 
2 + MC™ 

QÍ vhVHp(.\w) 

Qf" vh VHP(.\w) 

(4.30b) 

According to equations (4.30a, b), differences in the countries' output result from 

differences in A, SH(. \w) and VH(. \w). Thus, the countries' growth rates depend on their 

respective HC accumulation and on Northern TK progress. 

As the price paid for a unit of each type of HC, wm, is equal to its marginal product, 

it can be presented in the following extended form: 

dY 
dSH(.\w) 

= wSH = BSH Q\ shSH(.\w) sh QJf" ; (4.31a) 

Note that IGs can be produced domestically or not, but they need to be acquired for FGs production. 
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dY 
dVH(.\w) 

= wVH = BVH 

BSjH = exp{-l)Aj"a 1-a m, 
2MCf1 

QJ™vhVH(.\w) 

QfshSH,(.\w) 
I r 
2 

+ 

vh oJVH ■ where: (4.31b) 

QJV" vhVH,(.\w) MCgf +MCgf 

BS
P

H'=exp(mcP- a)"a A^la 1-a m. 
2MQ SH 

Qf shSHP(.\w) MCgj+MCgj Q("'vhVHMw) 

B™=exp(-l)Al"
a 7-at«J 7 

MC^f +MC™ QfshSHI(.\w) + 2MC VH 

Bv
P

H=exp{mcP-a)1"íAp
1"À 1-a m, 

MC$ +MCX" QÍ shSHP{.\w) + 2MC. 
ay 

QÍ vhVH,(.\w) 

QfvhVHp{.\w) 

What is interesting here is the following comment. Comparing wm in equations 

(4.31a, b) with the equivalent expressions in equation (4.20), we conclude that they are 

only equal if MCÍ" =MC™. Consequently, this must be true and we also have it that 

also mc^y - mc™ and B^1 = B™. Hence, the expression of the composite FGs in 

equations (4.30a, b) feature an elasticity of substitution constant and equal to 2 between 

the two types of domestic HC at work pondered by the respective Northern TK.213 

As a result of equations (4.31a, b) - or equation (4.20) - , the variation in the price 

paid for a unit of each type of HC (equilibrium wage dynamics) is given by: 

w 1 pm MC% Qf 
(4.32) 

w a pm MCS, Qf 

Hence, due to the complementarity in FGs production, the growth rate of wr' 

depends on the dynamic of pm, plus the dynamic of MC? and the dynamic of Qf m 214 

213 
Thus, for example, equations (4.30a) and (4.31a) for the North can then be written as: 

X, = exp(-l) A, 
(7-a) 

mcfgi 

YI=exp(-l)A1/ 1-a 
1-a 

QÍ shSH,(.\w) 

QfS"shSH,(.\w) 

QÍ vhVH,(.\w) 

Qf vhVH,(.\w) 

214 
As we will see later on, in steady state both pm and MC™y are constant. Then, regardless of the country, 

the steady state growth rate of wm is proportional to the respective aggregate quality index in the North. 
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That is, equation (4.32) shows that the path of m-wages in each country depends on 

the path of domestic demand for m-type HC, which, in turn, depends on the evolution of 

(i) the domestic range of the m-specific technology, established by threshold FG N, 

which determines prices of (non-tradable) FGs; and (ii) the world demand for ra-specific 

IGs, mirrored in international MC^y and driven by the available Northern TK, since 

the IGs can be produced domestically or not, but they are used in FGs production.216 

From equations (4.31a, b), the inter-country wage inequality, the versatile premium 

in any country, W, and the versatile premium between countries, W, are, respectively: 

wD 

w, 

VmrK 
P? A, 

lia 

(4.33a) 

W = w m 
SH 

w 

QÍ 
jVH 

Qi 
JSH 

vh VH(. | w) 
sh SH(. | w) 

2 vh 
sh 

(4.33b) 

w, 
SHP(.\w)VHJ(.\w) (4.33c) 
SHj(.\w)VHP(.\w) 

Equation (4.33a) suggests that there is a higher wage in the North, as a result of the 

conjunction of international immobility of HC and differences in productivity, Aj > AP. In 

relation to the previous IT regime in chapter 3, now the difference must be smaller, since 

the available (Northern) TK is the same in both countries.217 

Equation (4.33b) shows that the versatile premium in any country is greater when 

the Northern TK is more versatile biased, the VH employed is scarcer and the absolute 

productivity advantage of VH over SH in production is strong. Given equation (4.25), it 

is clear that when IT of IGs starts, the Southern versatile premium increases. This is 

against the IT theory which suggests that IT between the South and the North falls the 

Southern skill wage premium, but is in line with empirical evidence - see Stokey (1996). 

Equation (4.33c) tells us that, given the characteristics of the countries - e.g., 

equation (4.25) for time to - , the equilibrium versatile premium tends to be greater in the 

South, which is less clear without IT effects - see equation (2.33). 

The next section is directed at the implications of the IT of IGs in the R&D sector. 

215 

216 

Note that MC™y is a weighted average obtained from the limit prices in table 4.1. 
Remember that without IT effects the growth rate of wm is only proportional to the dynamic of both the 

domestic respective FGs' price index and the aggregate domestic quality index - see equation (2.30). 
217 But, TK is not equalised between countries, since, at each t, not all innovations have been imitated. 
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4.5. R&D sector 
4.5.1. Overview 

The principles and notation underlying this section are the same as those used in 

section 2.5 relative to the analysis of the R&D sector without IT effects. Thus, now we 

will only refer to the changes resulting from the particularities induced by the IT of IGs. 

In the previous IT regime there is no commercial relation between countries. As a 

result, there is no place for world competition in order to produce state-of-the-art IGs, 

and so international IPRs protection does not make sense. However, the same in not true 

under the IT of IGs or under totally free IT if, in addition, the South has a MC advantage 

over the North. In this case, the South can compete effectively with the North. That is, 

Northern firms sell IGs by supporting the discovery of the next higher-quality IG - i.e., 

innovations provide 'better of the same' or more efficient versions of the pre-existing IGs 

- , and Southern firms sell IGs by imitating state-of-the-art quality IGs. 

To avoid or, at least, decrease the intensity of Southern competition, international 

IPRs protection has become a problem of major concern, supported by the North with the 

argument that they encourage innovations from which both countries of the world 

benefit. This is reflected, for example, in the fact that one important breakthrough of the 

Uruguay Round of the General Agreement on Tariffs and Trade was the signing of the 

agreement on trade-related aspects of IPRs, TRIPRs. Its major consequence is that LDCs 

have to substantially strengthen the legal protection of IPRs - e.g., Lai and Qiu (2003). 

In line with this occurrence and in order to check the validity of the Northern 

argument on the need for tighter international IPRs protection, we assume that stronger 

international IPRs protection decreases the probability of successful imitation. 

The section is organised as follows. Subsection 4.5.2 presents the specifications for 

the probability of successful research. Subsection 4.5.3 describes the flow and the 

expected present value of the monopoly profit from successful research. Subsection 4.5.4 

performs the equilibrium probability of successful research and the equilibrium R&D 

effort. Finally, subsection 4.5.5 computes the behaviour of the aggregate quality indexes. 

4.5.2. Specification for the probabilities of successful R&D 

R&D activities in the North result in innovative designs for the production of IGs, 

which increase their quality. The South mimics the R&D process of the North, but its 

R&D activities result in imitation of current Northern best qualities. 
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The designs are domestically patented and the leader firm in each IGs - the one 

that produces according to the latest patent - uses limit pricing to assure monopoly. The 

value of the leading-edge patent depends on the profit-yield accruing at each time t to the 

monopolist, and on the period of the monopoly power. According the case, the duration, 

in turn, depends on (i) the probability of a new successful innovation, which creatively 

destroys the current leading-edge design - as in the Schumpeterian models introduced by 

Segerstrom et al. (1990), Grossman and Helpman (1991a, chap. 4, b, c) and Aghion and 

Howitt (1992) - and/or on (ii) the probability of successful imitation of the highest 

quality IG, which transfers the production of IGs to the South - such as in Grossman and 

Helpman (1991a, chaps. 11-12). The instantaneous probability of a successful research; 

i.e., a Poisson arrival rate, denoted by p^(Jt,y,i|m), is, thus, at the centre of R&D. 

Particularly, in equation (4.34) below (i) pbj(k,j,t\m) denotes the instantaneous 

probability of successful innovation at time t in the next higher quality of IG j - i.e., at 

rung k(j,t\m)+l - , which complements domestic m-type HC; and (ii) pbp(k,j,t\m) is 

the instantaneous probability of successful imitation at time t of the current higher quality 

of the lGj - i.e., at rung k(j,t\m) -, which complements domestic m-type HC: 

r iTz 

pbz(k,j,t\m) = rsz(k,j,t\m)llz(k,j,t\m) lmz{t\m) cpz(k,j,t\m) btp>(k,j,t\m) vz , ( 4 - J 4 ) 

Where, in short - since the terms of pb£k,j,t\m) in equation (4.34) have basically the 

same interpretation and justification as in the previous IT regime: 

(i) Tz takes on value 0 for Z = /, Tj = 0, and the value 1 for Z = P, TP = 1. 

(ii) rsz (k, j , t\m) is the flow of domestic FG resources for domestic R&D. 

(iii) llI(k,j,t\m) = $lqkU',]m\ llP(k,j,t\m) = $PqkpU't]m), fy > pV > 0, k>kP, is the 

positive learning effect of accumulated public TK from past successful research - e.g., 

Grossman and Helpman (1991, chap. 12); 

(iv) lmz(t\m) = \pij{. | w) + mP(. |w)]~ , where Cz>0 and we consider specifically 

that £z= 1- This is the adverse effect of market size - e.g., Dinopoulos and Segerstrom 

(1999a) -, which is now measured by [m/(.|w) + mP(.\w)]. Thus, while in models that 

have scale effects, opening a country to IT in effect increases its size, which then leads to 
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a higher growth rate through the scale effect - e.g., Kremer (1993), Sala-i-Martin (1997) 

and Connolly (1999) - ; in our case, IT does not affect growth in this way.218 

Regardless of the contexts, we ignore the endogenous growth debate on scale 

effects. Even so, our framework seems to be in line with some empirical evidence, which 

observes that models in which IT increases growth due to the scale effect receive mixed 

support - e.g., Backus et al. (1992). We detect that little progress has been made at 

developing North-South trade models without the scale effect property. The recent works 

of Dinopoulos and Segerstrom (2004) and Sener (2003) seem to be the exceptions. 

(v) cPz(k, j,t\m)= Ç^q k U ' t ] m ) ( _ ; / a ) , 0<a< 1, Ç7> Çp>0, is the adverse effect 

caused by the increasing complexity of quality improvements - e.g., Barro and Sala-i-

Martin (2004, chap. 7) and Dinopoulos and Segerstrom (2004) -, considering that the 

complexity cost of imitation is lower than that of innovation - e.g., Mansfield et al. 

(1981). Note that, relative to the case in section 2.5, now the South needs to imitate the 

best quality IGs in the North, so as to capture the whole world market.219 

(vi) btpP(k,j,t\m) = exp[PE(j,t\m) + IT(j,t\m)]{gl[m(t\w)]f'{g2[Qjm(t),d]r^ 

with a1>0, o2(Qjm, t) = -õ2 + Qjm(t) and 0<Qjm(t) < 1 is a catching up term, specific 

to the South, that sums up positive effects of imitation capacity and backwardness. 

We remember that the first exponential captures two important determinants of 

imitation capacity, domestic policies promoting R&D - index number PE; e.g., Aghion et 

al. (2001) - and openness to IT and other IT policies - index number IT; e.g., Coe et al. 

(1997). Note that now IT exercises an effective influence on btpP(k,j,t\m). For the sake 

of simplicity, PE and IT are not specific to each IG. The second exponential includes the 

functions g;(.) and g2(.), in equations (2.36) and (2.37), respectively. The first function 

captures the importance of HC in the imitation capacity - in line with Benhabib and 

Spiegel (1994), among others - and the second, basically, the backwardness advantage -

in accordance with, for example, Barro and Sala-i-Martin (1997). From the function g2(.), 

when the TK gap between countries is wider, backwardness is no longer an advantage. 

Nevertheless, we can state that the eventual increase in growth ultimately reflects a kind of scale effect 
- the instantaneous jump in btpP(k, j,t\m) due to the term IT. 
219 In the previous regime, regardless of the additional quality rungs in the North for each IG, the IGs 
(follower) firms in the South needed only to support the domestic R&D necessary to imitate one quality 
rung above that which existed domestically. In this way, they capture the whole domestic Southern market. 
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(vii) To allow a role for international IPRs protection, following Helpman (1993) and 

Glass and Saggi (2002), among others, we introduce the parameter i/>, which captures the 

strength of international IPRs protection provided by Southern government, usually due 

to world negotiations. A higher value of \p means weaker protection, and vice-versa. So, 

\p = 0 and ip - 1 indicates full and no international IPRs protection, respectively. 

At first sight, since Southern firms do not participate into the innovative process, 

this may create an incentive for the Southern government not to enforce international 

IPRs in order to speed up TK imitation. However, under this behaviour the potential 

Northern innovators can lose incentives to create improvements in the quality of IGs. 

4.5.3. Explicit flow and duration of the monopoly profit 

We can again compare the incremental profits of follower firms taking over the 

leader position with the incremental profits of leader firms replacing themselves. Once 

again we can prove that in each case the gains to follower firms are large. Thus, the 

identity of the quality leader in an IG changes every time successful research occurs. 

When Northern leader firms are facing direct competition from other Northern 

(follower) firms - i.e., the nearest competitor of the actual Northern leader firm are 

Northern follower firms - , the scenario is similar to the case in the previous regime - see 

subsection 2.5.5. Therefore, only Northern follower firms will support innovative R&D. 

When the Northern leader IG firm which faces direct Southern competition - i.e., 

the previous IG producer firm was located in South - supports R&D and replaces itself, it 

will be selling an IG twice as productive as its closest competitor and so it will use a 

mark-up slightly below q2{MCP-sxI). But, it will also lose its profits from the previous 

position, where it was sold at price slightly below q(MCp-sxI). On the other hand, when 

a Northern follower IG firm supports R&D and replaces the leader, it sets its price to 

capture the world market from the last leader, since it is now two quality levels ahead of 

the last Southern producer.220 So, a Northern entrant will sell its new better quality IG at 

a price slightly below q(MCi-sxI). This means that the incremental gain to the entrant is 

greater than to the incumbent replacing itself, if q'1+qlla-q{1~a)la > 1. This holds since by 

assumption 0<a<l and q > 1, and so only Northern follower firms will support R&D. 

That is, it sets its price so as to not only capture the world market from the last leader, which is one 
quality level behind, but also to prevent the imitator firm, now two quality levels behind. So, its limit price 
will be the smaller of qiMCj-Sj,,) and q2(MCP-sxI). Since q > (MC,-sx)/(MCP-sx) the lowest is the first. 
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Finally, when imitation of the (previous) Northern leader firm has already occurred 

- i.e., at present the incumbent is located in the South -, then all firms in the North (now 

follower firms) can undertake or support innovative research, since they face the same 

costs and incentives to bring about the next successful innovation. 

Taking into account equations (4.10a-c), (4.1 la-c) and (4.28a, b), we have that the 

flow of profit of leader firms of all three types is given by - omitting time index i:221 
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From equations (4.35a, b), we can obtain an aggregate expression for the flow of 

profit of Northern leader firms for m-type HC employed: 

IJ(k,j,t\m,I,Z) = n(k,j,t\m,I) = m{l-á)a q 
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In particular, equations (4.35c) and (4.36) tell us that profits depend positively on 

the mark-ups and the world demand for IGs by the FGs producers. Specifically, the 

amount of profits at time t for an IG j depend positively on the price of the respective 

221 
E.g., to get equation (4.35c) we take it that - applying the same reasoning used in obtaining (4.35a, b): 

I7(k,j,t\SH,P,l) = 

I7(k,j,t\VH,p,i) = 

' r Y| -
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IGs, p(j\m), on the market size, mp and mi, on the quality rung, k = kj, on the 

productivity parameters, AP and A/, and on the price indexes, p™ and pf. And they 

depend negatively on the domestic after subsidy MCs of the respective IG. 
999 

On the other hand, taking equation (4.34) into account, we have that: 

pbz(k, j,t\m) = rsz(k, j,11m)p2 Çz
; 

exp(PE+lT) gl(.f>g2(.)°2() q(j't]m) iP 

m,(t\w)+mP(t\ w) 

l r z 

kU,t\m) 
a-1 

(4.37) 

Remember that in equation (4.37), Ti = 0 and TP = 1. Thus, (i) when both the flow 

of resources devoted to R&D, rsz, and the coefficient on past research experience, pz, are 

high, the instantaneous probability of successful research, pbz, is high; (ii) when the 

fixed cost of research, Çz, the effectiveness of all costs that capture the adverse effect of 

market size [mj{.\w)+mP{.|w)]~~;, and the complexity of research, q y , f 'm ) a~;)/ot
; arQ 

higher, the instantaneous probability of successful research is low; (iii) in addition, the 

probability of successful imitation is higher when the imitative capacity of the country is 

good, which increases with openness, and there is a weaker (or no) international IPRs 

protection - i.e., when \P is higher. However, the influence of g(j'f|m) on pbP can be 

smaller than before, since, with all else equal, g2(-)°2() q{j'^m) is smaller than g2(.)a2(), 

given that 0 < q^'^m) < 1. This is because now, to produce the IGy', the South needs to 

imitate all levels between the current domestic level and the Northern state-of-the-art. 

The profit in equation (4.35c) takes place from the time of the qk (highest) quality 

imitation, tkjjmitation, until the time of the next innovation by some Northern firm, 

tki,imitation + dt = t(kI+i)jnnovation- Hence, the duration of the monopoly position of the 

kiij^mf1 Southern IG producer is dt = TklMitation = t{kl+i)Mnovation-tkhinútation- The profit 

in equation (4.36) exists from the time of the qk (highest) quality innovation, ^innovation, 

until the time of its imitation, hhinnovation +dt = tkhimitation, or the next innovation, 

^innovation+ dt = i(fe/+7),innovation- Thus, the interval during which the kth innovator is in the 
99^ 

forefront IS dt= llcj, innovation = Yt{kj+1), innovation {-J tkj, imitation] ~ hj, innovation- h i SnOlt, Walle 

222 

223 

To derive equation (4.37), we note that ^U'loO-^Mi'M/gMi'W an (j s o q 

The events t(k,+ i),innovation and hhimitation are compatible and, consequently, 

kP(j,t\m) _ ~<.j,l\m) k,U.t\m) 
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Tkj, imitation finishes with the next innovation, which can only be driven by some Northern 

firm, TkIt innovation can end with its imitation or with the next innovation. 

Given the equilibrium interest rate, the expected present value of profits earned by 

the monopolist producer of IGj - which supports a successful imitation, VP(k, j,t\m), 

or, a successful innovation, V}(k, j,t\m),225 and so which sells the highest quality of IG7 

in the world, complementary to m-type HC at time t - can be written as: 

Vp(k,j,t\m) =E 
1-exp -rp(t)Tkp 

np(k,j,t\m) V 

V!(k,j,t\m)=E I7j(k, j,t\m) 

rP(t) 

f 
1-exp -r,(t)Tk ■ 

r I v / Kj, innovation 

(4.38a) 

r,(0 
(4.38b) 

In equations (4.38a, b), to obtain Vz(k, j,t\m), we need to determine first the 

respective 7^. Following the same analysis as in subsection 2.5.3, Vz(k, j,t\m) is: 

I7P(k,j,t\m) 
Vp(k,j,t\m)-

VI(k,j,t\m) = -

rp{t)+pbj(k,j,t\m) 

n,(k,j,t\m) 

(4.39a) 

(4.39b) 

th 

r,(t) +pb,(k, j,t Im) + pbp(k, j,t |m) -pb,(k, j,t | m)pbp(k, j,t |m) 

Equations (4.39a, b) show the explicit expected reward from carrying out kj 

successful imitative and innovative research, Vz(k, j,t\m). They depend positively on the 

amount of profits in each period, I7P{k, j , t\m) and 17{(k, j,t\m), in equations (4.35c) and 

(4.36), respectively. Moreover, they depend negatively on both the respective interest 

rate, r? and 77, and the respective expected duration of the flow, which corresponds, 

respectively, to the expected duration of the imitator's and innovator's TK leadership -

or, in other words, they depend negatively on the respective effective discount rate. 

\m). pb(k,j, tinnovation uimitation \m) =pbj (k,j,t\m) + pbp(k,j, t\m)-pb(k,j, timovationnimitation\ 

But, they are independents and so pb(k, j , tinnovation n imitatiJ m) = pbj(k,j,t\m) pbP(kJ,t\m). Thus, 

pb(k, j,tinnovation uimitation\m) =Pbl(k,j,t\m)+pbp(k,j,t\m)-pbt(k,j,t\m) pbP(k,j,t\m). 
224 In other words, VP(k, j,t\m) represents the price of the k,(j,t\m)lh successful imitation, the market 
value of the patent or still the value of the monopolist firm owned by domestic consumers. 
225 In other words, Vj(k, j,t\m) represents the price for the kt(j,t\m)1b successful innovation, the market 
value of the patent or still the value of the monopolist firm owned by domestic consumers. 
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The duration of a patented imitation depends on the probability of the (&/+7)th 

successful innovation, pbj(k, j,t | m) - second row in table 4.1. In the case of the value of 

a patented innovation, Vj(k, j,t\m), the challenge comes from both the (ki+1)1 

innovation and the kith imitation - first and third rows in table 4.1. As a result, the 

duration depends on pbI(k,j,t\m) + pbp(k,j,t\m)-pb1(k,j,t\m)pbp(k,j,t\m). 

Note that the 'feedback effect' between countries is clear in both VP(k, j,t\m), 

since it depends on pb^k, j,t \ m), and in V;(k, j,t\m), since it relies on pbp(k, j,t \m). 

4.5.4. Equilibrium probability of successful R&D and of the R&D effort 

From Vz(k, j,t\m), we can obtain the equilibrium quantity of domestic R&D 

effort, rsz(k, j,t\ m), and so the equilibrium domestic probability of successful research, 

pbz(k, j , t\m). This is because the functional form in equation (4.37) of the probabilities 

of successful research depends on the resources allocated to it. At each time t, the after 

subsidy domestic cost of research is [lsrz]rsz(k, j,t\m), which incites the domestic 

probability of successful R&D pbz(k, j,t\m). Hence, the expected reward for pursuing 

the ki imitation and the (£/+7)th innovation are, respectively, pbP(k, j , t \ m) VP(k j , t \ m) 

and pbI(k,j,t\m) Vj(k+l,j,t\m). Thus, the expected present discounted flow of net 

profit, Hz(k, j,t | m), from successful research in an IGj that is currently at quality k is: 

UP(k,j,t\m) = pbP(k,j,t\m) VP(k,jj\m)-[l-srP] rsP(k,j,t\m); (4.40a) 

n7(£, j,t\m) = pb,(k, j,t\m) V,(k+l,j,t\m) -[l-srI] rsjikj^m). (4.40b) 

With free entry equilibrium into the research business, the expected revenue of 

domestic research coincides with the respective after subsidy cost. Hence, both terms 

Ilz(k,j,t \m) in equations (4.40a, b) are equal to zero. Then, plugging equations (4.37) 

for Z = P and (4.39a) in equation (4.40a), and solving for pbi, the equilibrium probability 

of a successful innovation, given the interest rate, the HCs and the FGs' price indexes, is: 

pb^kjj | m) = pbjim) = & C'P'exp(PE+IT) g,(.)*■ g2(.y>° q(^m) lP 
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where: mAp(t)\ 
mp(t\w)+mj(t\w) \MCj-sxPJ mp(t\w)+m,(t\w) 

A, p?(t) mp(t\w) f App^t)]" m,(t\w) I > -»■ - - ~ 

[MC,-sxP) 

Equation (4.41) indicates that the equilibrium m-specific pbi for a new quality of 

IGj is higher when profits from sales, mAp, are higher. In turn, the profits will be higher 

when the price indexes, p%, are higher. It also follows that the equilibrium pbi turns out 

to be independent of j and k. There are two reasons behind this independence. The first 

and most substantial one is the removal of scale of TK effects - the positive influence of 

the quality rung on profits and on the learning effect is exactly offset by its effect on the 

complexity cost - see the exponents of q in equations (4.35c) and (4.37). The other is the 

simplifying assumption that the determinants of imitation capacity, PE and IT in the 

catching up term in equation (4.34)-(vi), are not specific to each IG. 

As we have said, additional scale effects could arise through market size, as has 

been strongly discussed in the R&D endogenous growth literature since Jones' (1995a, b) 

critique. In short, due to the technological complementarity in the production function 

(4.1 ), in our model, the size of the market for m-specific IGs is the employed m-type HC. 

Then, the scale effect is apparent in the size of the profits in equation (4.35c) - see the 

HC terms within square brackets. Since we aim at understanding IT effects other than 

market size, the removal of scale is in order. The adverse effect of market size due to the 

scale-proportional difficulty of introducing new quality IGs is designed to offset the scale 

effect on profits - see equation (4.34)-(iv). With £= 1, offsetting is such that the market 

size effect becomes negligible, as is clear in expression mAp in equation (4.41). Then, 

only the price channel affects the innovation activity and its direction: relatively more 

expensive versatile FGs broaden the versatile-specialised TK bias, and vice-versa. 

Equation (4.41) also shows that now pbi is affected by the imitation activity due to 

the feedback effect between countries.226 By reason of this effect, for example, the 

positive level effect from the North to the South when IT of IGs emerges - i.e., Southern 

access to state-of-the-art IGs increases production and so the resources available to 

imitation R&D - feeds back into the North, affecting its TK through creative destruction. 

226 The equilibrium m-specific pb} of each IG depends on the South-North TK gap of that IG, which at first 
sight can differ across IGs. However, since our framework is a general equilibrium model - i.e., since we 
are not interested in partial equilibrium -, we can consider the representative domestic IG of each type 
defined as the average of all domestic IGs of this type, in line with our considerations in the previous 
regime. Then, the equilibrium m-specific pbI depends on the aggregate South-North TK ratio. Note that 
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We can in addition specifically state that, even without international IPRs 

protection, imitation has two groups of conflicting effects on innovation, one potentially 

slowing and the other potentially increasing the rate of innovation. In fact, Northern IGs 

firms' expected present values of their profits are reduced, since imitation decreases the 

expected duration of their monopoly position. However, after an imitation the only way 

in which innovator firms can regain profits is to come up with - or support - the next 

innovation. Moreover, a higher probability of successful imitation increases the speed of 

TK transfer and so improves the ability of the South to benefit from innovations and 

generates an efficient allocation of production in the South, where MC is lower, which 

turns out to matter not only at home but also abroad, due to the feedback effect. 

Since from chapter 2 - e.g., figure 2.4 - <£/>-<!>/> 0, then the experience-adjusted 

probability of imitation, OP, in equation (4.41), positively affects the equilibrium pbj. 

Moreover, IT affects positively <S?P via exp(IT) in the catching up term. However, since 

d < QJm <1 then Op QJm < O P , which reflects the decrease in the expected present value 

of Northern firms due to imitation. Thus, the equilibrium pbj tends to be greater under the 

IT of IGs than in the previous regime when O. 
without IT effects <®P QJ r r o f i G s - I f t h i s i s 

so, the increase in the equilibrium pb] incited by imitation is boosted by the availability 

of resources for R&D in the North.227 In fact, imitation shifts IGs production to the South 

and so induces Northern IGs firms to produce in less time. Thereby, the North devotes 

fewer resources to IGs production and can devote more resources to R&D. 

Equation (4.41) also indicates that the equilibrium pbj can be encouraged both by 

the increase in the exogenous given ad-valoren subsidy rates of R&D, sr, and of IGs 

production, sx. Moreover, under the IT of IGs, a new issue emerges, which is the effects 

of international IPRs. A major argument in favour of tighter IPRs in the South has been 

that they encourage innovations from which the countries of the world benefit. However, 

in accordance with Grossman and Helpman (1991d) and Helpman (1993), among 

others, equation (4.41) tells us that this argument is not convincing, since the 

equilibrium pbi is lower when there is stronger protection from imitation. 

while in the previous regime only the equilibrium m-specific pbP - e.g., equation (2.48) - can differ across 
the two types of IGs, now the same holds for the equilibrium m-specific/>&; - e.g., equations (4.41). 

27 Moreover, the increase in pbj generates positive spillovers for imitation, since each new innovation 
increases pbP. This is because pbP depends positively on the TK gap. The feedback effect is thus clear. 
228 In the same way as, for example, Segerstrom et al. (1990), a lengthening of patent duration for Northern 
firms lowers the rate of product innovation. 
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Actually, there are also two counteracting effects resulting from enforcing stronger 

international IPRs protection. It lowers pbp and prolongs the expected duration of 

monopoly of each Northern innovator, raising the returns to innovation. However, since 

firms produce longer in the North, they devote more resources to IGs production and less 

to R&D; that is, as a result of IPRs protection, the North devotes fewer resources to 

R&D. This lowers the equilibrium m-specific pbi at each time. Equation (4.41) suggests 

that the second effect dominates the first, and the equilibrium ra-specific pbi declines. 

Therefore, we can counter argument that tighter international IPRs only strengthen the 

monopoly power of firms located in the North, to the detriment of firms in the South. 

We can also find the equilibrium m-specific probability of successful imitation, by 

plugging equations (4.36) and (4.39b) into equation (4.40b) ,229 
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MC, - sxl MC, -sxl 
App™ 

MC, - sx, 

MC,-sx, 

m,(t\w) 

mp(t\w)+m,(t\w) 

MCP - sx, -\MC,-sx, 

l ~" 

A,P? 
MC, -sx, 

( \ 
r, + pb, (m) 

' A,PT " 
MCp-sx, 

1 - pb, (m) 

f \ 
1 - y(m) 

V J 
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f y 
MC, - sx, 
V ) . 

(4.42) 

The comparison between equations (4.37) with Z = P and (4.42) shows that the 

effect of stronger international IPRs protection is clear on pbp - equation (4.37) - but not 

on its equilibrium value - equation (4.42). In fact, international IPRs protection reduces 

the equilibrium pbi - equation (4.41) -, which helps to prolong the time of expected 

duration of Southern profits. This is present in equation (4.42) but not in equation (4.37). 

Now, in order to determine the amount of resources devoted to R&D in IG j , we 

start by writing equation (4.34) - or equation (4.37) - in the following way: 

rsz(k,j,t\m) = Pz-% m,(t\ w)+ mP(t\ w) 
k(j,t\m) 

q 
l-a 

pbz(k,j,t\m) 
(4.43) 

°J o ( \t52(-) »(;.f |«) exp(PE+IT)g1(.rg2Q°^q(J"im,lp 
-rz 

29 We do not incorporate the equilibrium pb, - equation (4.41) - in equation (4.42), so as to obtain the 
smallest possible equation for the equilibrium pbP. As we will see ahead, in steady state both countries face 
the same equilibrium interest rate, rp = r,= r, and this can be used to slightly simplify the expression. 
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From equation (4.43), when IGs are TK more advanced and have a large market; 

i.e., with higher k = ki and [mI(t\w)+mp(t\w)]> then a greater amount of research 

resources will be devoted to them. However, the equilibrium pbz is invariant with k and 

[mI(t\w)+mp(t\w)]. Then, more effort - i.e., resources - is required in more advanced 

TK IGs and with larger markets in order to generate the same probability of success. 

Equation (4.43) with Z = I shows that the resources devoted to innovation are 

smaller if pbj is lower. Equation (4.43) with Z = P indicates that there are also two 

counteracting effects of enforcing international IPRs in the resources devoted to 

imitation. First, they decrease due to the smaller pbp. Second, the less efficient 'imitation 

capacity' generated leads to an absorption of more resources. When the second effect 

dominates the first one, the resources devoted to imitation increases. In this case, we can 

say that there is a 'resource wasting effect' on the South. 

From equation (4.43), taking into account equations (4.41) and (4.42), the 

definition RSZ (k,t\m) = \ rsz(k,j,t\m) dj, and after that the aggregate resources devoted 

to R&D in each country - which are RSZ(k,t) = RSz(k,t\SH)+ RSZ(k, t\VH ) - , then: 

RSZ = Q,J 

+ e/ 

SHp(.\w) + SH,(.\w) 

VHP(.\w) + VH,{.\w) 

Cz_ pbziSH)  
fiz [exp(PE+JT) gltf'g2(y'"q(i"m I ,]1 

Cz Pbz(VH)  
1r, 

• + 
" (4.44) 

fiz [exp(PE+IT) g,{.f- giQ*U q^m lP }' 

Equation (4.44) reveals that the equilibrium aggregate resources devoted to R&D 

in each country depend positively on market profitability ('market size effect' in RS), on 

the Northern TK and on the equilibrium pbz. Hence, the imitation disincentive originated 

by, for example, international IPRs lowers pbp - equation (4.37) - and so it lowers the 

equilibrium pbj - equation (4.41 ). Thus, this drives to smaller resources devoted to R&D. 

Equation (4.44) also indicates that aggregate resources devoted to R&D depend 

negatively on $7^, in the North, and on <E>7/, in the South. Thus, it shows that the 

resources devoted to imitation further depend directly and positively on the value of the 

international IPRs, which generates a less efficient 'imitation capacity' that absorbs more 

Southern resources. That is, all else equal, the more intense the international IPRs 

protection - i.e., the smaller iP - , the more resources the South devotes to R&D, due to 

the intensity of the 'resource wasting effect'. 
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Finally, since Qjm > QJ
p
m, we expect that, all else equal, the total resources devoted 

to R&D in the North under IT of IGs will be greater than in the previous regime without 

IT effects, as a result of the assumption that imitative firms must imitate all quality levels 

between their current domestic levels and the leader innovator IGs they are targeting. 

4.5.5. Behaviour of the aggregate quality indexes 

Since the probability of successful innovation - as a Poisson arrival rate -

determines the speed of TK progress, equilibrium can be translated into the path of 

Northern TK, from which free IT in IGs allows the South to benefit as well. The 

relationship comes to yield the following expression - in which equation (4.41) is 

plugged - for the equilibrium rate of growth of m-specific TK:230 

J. 1™ 

Qi 

7-q 
a H ft, tfexpiPE+IT) gl(.f'g2(.r{) ? ( | m ) l, 

m (l-a)a 
1 f MCI-MCP^ 

1 —srP 
mAp 

7-a 
« J _ / 

(4.45) 

To fully characterise aggregate economies, we need to consider the behaviour of 

individuals as consumers. However, in our framework, the IT of IGs does not influence 

this behaviour and, thereby, section 2.6 remains valid here. Furthermore, the government 

budget, as well as aggregate resource constraints since IT is balanced, also remain the 

same as in section 2.7. Thus, plugging equation (4.45) into equation (4.32) and equating 

the resulting m-type HC demand path to the necessary condition obtained from 

optimisation by individuals (supply side) - equation (2.70) - the equilibrium interest rate 

in the countries is obtained. By Walras' law, this is also the interest rate that clears the 

assets market - savings by individuals are equal to the value of the firms. The general 

equilibrium instantaneous growth rate of the countries at time t results then from 

plugging the equilibrium interest rate into the Euler equation (2.64). 

In the next section, we are going to analyse the steady state in full. 

230 In simple form, we can state that, since k(j,t\m) jumps up to k(j,t\m) + l when successful innovation 
occurs in IGy, and the equilibriumpbi is constant across m-type IGs, then the time derivative of Qjm is: 

Û/'W-JL 
[kU.t\m)+l] k(j,t\m) 1-a 

pb,(k,j,t\m)dj = A a )_j pb,(kJ,t\m)Qjm(t)-
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4.6. The steady state 
This section is directed at the analysis of the steady state properties of the model, 

under IT of IGs. To this end, it is divided in two subsections. In the first, we show that 

there is a unique and stable BG path when the countries open up to the IT of IGs and we 

make a comparative steady state analysis. In the second, we analyse other related steady 

state effects of international TK diffusion, namely in terms of the growth benefit for both 

countries, convergence in levels between countries, prices and wages. 

4.6.1. Steady state growth 

Common steady state growth rate 

From the previous analysis, we know that: 

(i) by assumption, countries have the same technology of production of FGs,231 

resulting that the composite FG production has constant returns to scale in the inputs 

m(.\w) and <2/S - see equation (4.30a, b). Inputs <2/S are present in both countries since 

they have access to the same state-of-the-art IGs through the free IT of IGs. The inputs 

m(. \w) are country specific since there is no international mobility of production factors. 

(ii) Composite FG production is used for consumption and savings, which, in turn, are 

allocated between production of IGs and R&D - see equation (2.72). Then, Y, X, RS and 

C are all constant multiples of both the levels of TK in the North and the domestic levels 

of HC at work - i.e., Qjs"SH{. \ w) and Qf"VH{. \ w) ;232 

(iii) Also, by assumption, countries have the same technology of HC accumulation. 

Together, (i), (ii) and (iii) imply that the steady state growth rates - and through 

Euler equation (2.64), the interest rates, /s - are equalised between countries. The 

constant common (unique) and stable steady state growth rate, again designed by gr, is: 

= gr. (4.46) 

231 Except for the exogenous level of productivity, A, and the level of HC at work, m(. \ w), which implies 
differences in the levels but not in the growth rates. 
232 In fact, that this is so for RS, X and Y can be seen in equations (4.44), (4.29a, b) and (4.30a, b), 
respectively. The same is true for consumption by solving the aggregate resource constraint in equation 
(2.72) for C. This is certainly true when fh(.\ w) and q(.\m) are constant, since the resources devoted to 
R&D - and so to C - are functions of the variables fh{. \ w) and q(.\m), via the equilibrium pbz - see 
equation (4.44). Thus, regardless of the country, all variables of the aggregate budget constraint are a 
constant multiple of the aggregate Northern quality indexes, of the level of HC employed in both, of the 
gap in HC at work and of the TK gap between them. The dependence on HC in the other country and on 
the TK gap is introduced by the action of RS or, to be clearer, by the action of the IT of IGs. 
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Equation (4.46) shows that steady state growth is driven by Northern TK progress 

and by HC accumulation.233 Although the Northern TK commands, it is affected by 

Southern demand for IGs which, in turn, depends on Southern levels of HC at work, and 

by Southern imitation - e.g., equation (4.45). From the previous section, a higher steady 

state interest rate implies a lower current value of future profits and thus lower expected 

marginal profits, due to a discount rate effect. From equation (4.46), it also leads to a 

higher growth rate and associate to this, a large R&D activity. Both considerations imply 

that a higher rss induces a strong R&D activity that shortens the duration of monopolist 

positions - i.e., there is a strong process of creative destruction. Once in steady state: 

QjSH SH(.\w) QfH VH(.\w) pSH pVH 

Note that in equation (4.46), it is already implicit that m(.\w) and Qjm =q{.\m) 

are constant - i.e., once in steady state, equation (4.47) holds, and we also find that: 

X A, ~JSH ~JVH 

SHj(.\w) SHP(.\W) = VH,(.\w) VHP(.\w) SH(.\w) = VH(.\w) Q_ = Q__ ( 4 m 

SHj(.\w) SHP(.\w) VHJUW) VHP(.\W) S~H( JM>) tfjQw) gSB g™ ' K' 

As in steady state m(.\w) and q(.\m) are constant and rI = rp = rjSS, the steady 

state m-specific pbz will also be constant and MCsy/MC£y = 0. In fact, looking at 

equation (4.13) MC~y is constant in steady state when y(m) and E(m) are also constant, 

which, looking at equations (4.14), (4.15a, b) and (4.48), does in fact occur. The steady 

state measure of IGs with Northern production, E(m), is an increasing function of the 

steady state rate of innovation, pbj, and a decreasing function of the steady state rate of 

imitation, pbp. The converse is true for the measure of IGs with Southern production, 1-

E(m). This is similar to the result obtained by Dinopoulos and Segerstrom (2004). 

Bearing in mind that MCs,r/MC~r = p% I p™ =0, then on account of equation (4.32) the 

wages growth rates increase steadily, and only according to Northern TK progress. 

Thus, the common steady state growth rates of HC and TK imply the maintenance 

of steady state North-South gaps in HC and TK. While complete convergence in 

available (Northern) TK is instantaneous with IT (level effect), domestic levels may not 

converge completely, since Qr stays below one and m(. | w) may also stay below one. 

233 For example, without HC accumulation endogenous growth is only driven by Northern TK progress. 
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Following the steps proposed to obtain the equilibrium r, the constant /s is: 

l-a 1-1 

„ v a. j r 
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• (4.49) 

Where - remember -pm,s, gj and g2 as well as a2 are in steady state and so are constant. 

Plugging rss - equation (4.49) - into the growth rate of consumption - Euler 

equation (2.64) - , the (world) steady state growth rate becomes given by: 
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(4.50) 

Hence, gr in equation (4.50) is determined by: (i) individuals' preferences; (ii) HC 

production technology - equal in both countries; (iii) FGs production technology in both 

countries; (iv) R&D activity, which links both economies; and (v) government policies. 

The Qjm I Qjm is constant and from equation (4.46) so is rhss(. | w)/mss(. | w) : 

mss(.\w)^l 
mss(.\w)~ 6 

U-iK)rss-p Qr 

Qi 
(4.51) 

As HC accumulation is dependent on the m-type HC, but independent of individual 

ability, and as in steady state the time allocation does not change over time - i.e., 

individuals decide to devote a constant fraction of the fixed-time endowment to working 

and to training -, then from equations (2.59), (2.65) and (4.46), we obtain:234 

-l 

us
s
s(m) = (l-xK)rss-p Qi 

■ + S" 
Qi" 

m m Uty y j + uT{m) 
us(m)_ 

(4.52) 

Once the constant value for ug(m) in equation (4.52) is known, we obtain the 

values for us
T

s(m), by equation (2.65), and for u"(m), by the resource constraint on each 

234 Considering the assumed condition that (7 - xK) r
ss>p, then it also assures that 0< u

s
s\ U

S
T

S, u
ss <1. 
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m-typeHC: u"(m) -1 -us
s\m) -us

T\m). From equation (4.52), us
s
s(m), us

T\m) and w"(m) 

are equal in both countries, as in the previous regime - see equation (3.6). 

Thus, the steady state is a path where all variables either grow at a constant rate235 

or are time invariant,236 such that individuals maximise their lifetime utility by allocating 

their time between production and training and their income between consumption and 

saving, and each (IG, FG and R&D) firm maximises its profits, and all the markets clear. 

Comparative steady state analysis 

The common steady state growth rate of both countries given by equation (4.50) 

allows further comparative steady state analysis. Table 4.2 sums up the qualitative 

results, only from exogenous parameters and exogenous variables in equation (4.50). The 

impact of other parameters, such as pj, requires that the steady state growth rate be found 

considering the steady state probability of successful imitation. However, we have 

decided to avoid the resulting expression, since it would be very large. 

Table 4.2. Comparative steady state analysis 

dgr 

dA, + 

dAP + 

dm + 

3a a ) -

dMC, + 

dMCP -

dgr 

dp, + 

3Çp -

d PE + 

d IT + 

do] + 

dã2 + 

dgr 

dd -

d Xp + 

ae -

3p -

dsr + 

dsx + 

Note:a> considering the particular case q = l/(l-a). 

The countries' exogenous levels of productivity, A/ and AP, affect positively the 

levels of output - e.g., equations (4.30a, b). Furthermore, they also affect the world 

growth rate, due to the role of competitive monopoly profits - e.g., equations (4.35c) and 

(4.36). Thus, IT emphasises the importance of improvements in domestic institutions in 

both countries, because they become significant not only at home but also abroad. 

As is the case of Y, C, X, RS, m(w), m(school), m(OJT), and Qjm . 
As is the case of us, uT, N, pm, m, QJm, r, pbt and pbP. 

dgr 

dxK -

3cpra + 

dxs + 

d%T + 

98m -

3<t) + 
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A higher Northern MC of production implies a higher world growth rate when 

MCp>sr, as occurred under the baseline parameter values in table 3.4. However, a higher 

Southern MC of production implies a smaller world growth rate. A higher MCi leads to a 

higher mark-up for monopolist producers in the South - e.g., equations (4.11c) and/or 

table 4.1 - , whereas a higher MCp implies a smaller mark-up - e.g., equation (4.35c). 

Hence, a higher MCi provides an incentive to imitation activity, which, in turn, affects 

positively the equilibrium probability of successful innovation - see equation (4.41) -

and thus world growth, while the inverse holds when MCp is higher. 

All else being equal, higher learning to past successful research spillover in the 

South, PP, smaller fixed cost of the successful research parameter, Ç/>, better Southern 

policies promoting R&D, PE, increased South-North interaction, IT, higher semi-

elasticity of the probability of successful imitation with respect to the gap in HC at work 

and with respect to g2(.), ã} and ã2, respectively, and a small threshold TK gap, d, 

enhance imitation activity and, consequently, this feeds back into the North, increasing 

the probability of successful innovation as well as the steady state world growth rate.237 

International IPRs protection - i.e., ip<l - decreases the steady state world growth 

rate as a result of its direct negative influence on the probability of successful imitation, 

which is mirrored in a negative effect on the equilibrium probability of successful 

innovation. Hence, the steady state world growth rate will be unambiguously greater 

without international protection. Therefore, international competition favours growth. 

The m-augmenting parameter m, the HC share in the production function a, the 

discount rate p, the inverse of the intertemporal elasticity of substitution 0, the subsidies' 

exogenous ad-valorem sx and sr; the assets income tax %, the HC income tax xw, the 

distribution parameter <pm, the substitution parameter <J), the productivity of schooling and 

OJT activities %s and jj, respectively, have the same influence on the world steady state 

growth rate as in the previous regime without IT of IGs and for the same reasons. 

Once again, the endogeneity of the steady state growth rate is preserved since it is 

affected by political factors and the preferences of individuals. In short, exogenous 

parameters and constant variables that directly or indirectly positively affect the 

equilibrium probability of successful innovation and HC accumulation have a positive 

effect on the world growth rate, and vice-versa. 

And each innovation lowers the cost of imitation: positive spillovers from innovation to imitation occur. 
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4.6.2. Steady state effects 

We now come to the technological implications of steady state growth in both 

countries, since now, due to IT, IGs flow from North to South and South to North. 

Countries' growth benefits with North-South TK diffusion and IT of IGs 

Steady state endogenous growth is driven by R&D and HC accumulation - e.g., 

equation (4.46). This feature is not, however, specific to the IT of IGs regime - e.g., 

equation (3.1). In order to look at the steady state effects of the IT of IGs we must 

investigate gr further. To this end, we compare the world steady state interest rate in 

equation (4.49) with the steady state interest rate that would prevail: (i) in the South, 

without the international flow of goods, assets, HC and TK; and (ii) in the world, under 

TK diffusion without IT effects, given by equation (3.3).238 

In the former case, (i), the probability of successful imitation collapses into an 

inefficient Southern probability of successful innovation, where the catching up term 

disappears - i.e., the experience-adjusted probability of successful imitation, 0/>, changes 

to Op =pP ÇP , see subsection 3.2.2. The increment in the steady state interest rate, from 

case (i) above to IT of IGs and imitation possibility depends on the following difference: 

\"l n i\a2<-) SCl») exp(IT+PE) 8lQ°- g2Q°'" q"m> lP (MC-MCP) mAp 
IT of IGs 

(MCP-sxP) PPAP 

f 1_ x 

MC - v 

' (4.53a) 

without technological knowledge diffusion 

and the increment in the steady state interest rate, from case (ii) above to IT of IGs and 

imitation possibility depends on the two following differences, which are equal: 

expQT) gl(.f' g2 (.)*<•> £ ( |m) iP (MC,-MCP ) mAp 

gI(.r'g2(r2" (MCP-SXP) 
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MC -s 

lia ' (4.53b) 

without IT effects 

CP 
exp{lT+PE) §1(.yg2(.y2l> q'Am)xP (MC,-MCP) mAp 

IT of IGs 

ÊL (MC,-sxl) P?A, 
' 1 " 
MC,-s xlj 

lia 

autarkic North 

(4.53c) 

238 Remember that, in this case, due to the TK, the steady state growth rate is the same in both countries. 
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The steady state growth rate with North-South TK diffusion by imitation and IT of 

IGs is greater than the steady state growth rate in the other two cases when the increment 

in equations (4.53a-c) is positive. The evaluation of equations (4.53a-c) requires solving 

for transitional dynamics through calibration and simulation. We can, though, emphasise 

four ways, in addition to the level effects, through which the IT of IGs influences, in 

opposite directions, steady state growth: 

(i) the first is the positive catching up effect on the probability of successful imitation. 

Imitation capacity increases with the index of openness, IT. Through the feedback effect 

described above, the probability of successful innovation and thus the steady state growth 

rate are also positively affected - see equations (4.41) and (4.45). 

(ii) The second are the positive spillovers from North to South, because each new 

innovation by the North tends to lower the cost of Southern imitation. 

(iii) The third - counteracting - channel is the monopolistic competition mark-up. In 

equations (4.53a-c), the Southern monopolist's mark-up under IT of IGs is (MQ-MCp) -

i.e., (1-MCp), considering equation (4.11c) -, clearly less than the mark-up in the South 

in the other two cases,239 which, ignoring the ad-valorem subsidy rate to IGs production 

so as to simplify, is (q-MCP) - looking at equation (2.11b).240 This loss of profits also 

affects the Northern monopolist: the average mark-up between the 1st and 2nd situation in 

table 4.1 is smaller than without IT.241 The reason is that without IT, Northern successful 

innovations and Southern imitations are protected from each other's international 

competition. Thus, once engaged in IT and with profitable imitation - provided that the 

TK threshold d is overcome -,242 profit margins in both countries are reduced - i.e., the 

IT of IGs reduces pricing distortions -, which acts as a disincentive to R&D activities.243 

(iv) The fourth - counteracting as well - way through which the IT of IGs influences 

steady state growth, is that Southern firms have to support the R&D imitative cost of 

239 The mark-up is mirrored in the (MCP-sxP)(q-l)q' term of the 2nd square bracket of (4.53a, b). 
In equation (2.1 lb) we suppose that MCP = 1, remember. According to table 3.4 in subsection 3.4.2, we 

have that: (1-MCP) = (1-0.5) = 0.50 < 2.00 = (2.5-0.5) = (q-MCP) - i.e., considering q=ll(l-a) 
That is, bearing in mind the after subsidy MC of production, which is (MC, - sxI), the average between 

(l-sxI)(q-l) and q(MCp-sxl)-(l-sxl) is smaller than (l-sxl)(q-l). 
If the TK threshold d is not overcome when countries open up to IT, the Southern IG firms will not 

support imitation - the cost of imitations will be strongly higher. As only IT of IGs is possible, the South 
cannot export any IG. Then, for lack of resources, it cannot also import leader IGs and no commercial 
relations occur between countries. As a result, existence of international IPRs does not make sense. In this 
case, Northern IG firms need not worry about potential imitation of their IGs, for which reason they behave 
exactly as if they were in autarky and TK divergence tends to occur between countries. 

This is different from the previous models in which the reduction of margins is offset by market 
enlargement- e.g., Rivera-Batiz and Romer (1991), Grossman and Helpman (1991a) and Connolly (1999). 
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state-of-the-art Northern IGs, possibly several quality rungs above (and thus more 

complex) their own experience level. This is reflected in the presence of the TK gap 

q{-\m) in the first square bracket of equations.244 

From equation (4.53b) we can broadly state that if (i) the impact of the openness 

index, IT, is strong, (ii) the Southern MC, MCP, is low, (iii) there are no international 

IPRs or they are low - ip is close to 1 -,245 and (iv) there is no change in the Southern 

ad-valorem subsidy rate to IGs production, sxP, between changes in IT regimes and, in 

addition, this ad-valorem subsidy rate is higher - by assumption sxP = sxI, remember -,246 

then the steady state growth tends to be greater under IT of IGs than with TK diffusion 

without IT effects. In this case, the expression in equation (4.53b) is greater than 0.241 

Alternatively, from equation (4.53c) we can generically state that if (i) imitation 

capacity is strong - i.e., if (i.l) the impact of the openness index, IT, is strong (i.2) as 

well as the impact of Southern policies promoting R&D, PE, (i.3) the coefficient on past 

research experience from imitation, pV, is higher, and (i.4) the fixed cost imitation, L,P, is 

lower - (ii) the Southern MC, MCP, is low, (iii) there are no international EPRs or they 

are low - ip is close to 1 - , and (iv) there is no change in the ad-valorem subsidy rate to 

IGs production in North, sxI, between changes in IT regimes and its value is higher,248 

then the steady state growth tends to be greater under IT of IGs than with TK diffusion 

without IT effects and so the expression in equation (4.53c) would be greater than 0.249 

If the steady state growth rate under IT of IGs is higher than the steady state growth 

rate with TK diffusion but without IT, then considering equation (3.7) the steady state 

growth rate under IT of IGs will more easily be higher than the steady state growth rate 

without TK diffusion and thus expression (4.53a) is greater than expressions (4.53b, c). 

Hence, £ ( » (7- MCP) in the 1st square bracket, tends to be smaller than (l-sxP)(q-l)q~', in the 2nd. 
245 Comparing our results with, for example, Dinopoulos and Segerstrom (2004) and Sener (2003) we can 
state that strong international IPRs protection leads to: (i) in the 1st work, a decrease in the innovation rate 
that is only temporarily, and not in steady state; and, (ii) in the 2nd work, a decrease in the steady state rates 
of imitation and innovation, and an increase in North-South wage inequality - in our case international 
IPRs do not (directly) affect North-South wage inequality, as we will see below. They also study the effects 
of increasing 'globalisation' - our existence of IT. Dinopoulos and Segerstrom find that globalisation 
temporarily increases the innovation rate and decreases North-South wage inequality, whereas Sener finds 
that globalisation decreases the steady state innovation rate and increases North-South wage inequality. 

The impact of the ad-valorem subsidy rate, sxP, is easily justified. In fact, without IT of IGs, it does not 
influence the world steady state growth rate - it serves only to decrease the TK gap between countries - , 
whereas under IT of IGs it affects the world steady state growth rate. 
247 A smaller (q-l)q'1 favours that equations (4.53a, b) will be greater than zero. 

Without IT, the ad-valorem subsidy rate, sxi, affects the steady state growth rate as well. But, as there is 
no interdependence between countries, the impact of sxI on the South does not feed back into the North. 
249 Note that once again a smaller (q-l)q'1 favours that equations (4.53c) will be greater than zero. 
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In short, if the improvements in the probability of successful imitation due to the IT 

of IGs are sufficiently strong, both countries grow more quickly under the IT of IGs with 

imitation than in the other two cases. This is because once the innovations are imitated, 

the only way in which Northern IGs firms can capture the world market is by supporting 

the next innovation. A higher probability of successful imitation increases the speed of 

TK transfer, which improves the Southern ability to benefit from Northern innovations 

and also induces an efficient allocation of production in the South, where MC is lower. 

This, together with the initial level effect induced by the IT of IGs, feeds back into 

the North, affecting its TK through creative destruction and so the steady state world 

growth rate. In fact, under the IT of IGs, the improvements in one country are significant 

not only at home but also abroad, due to the feedback effect. In this case, we can 

however state that the increase in growth ultimately also reflects a kind of scale: the 

instantaneous jump in the catching up term due to the openness index, IT. 

Particularly interesting is the impact of strong international IPRs protection. It 

moderates the effects of IT of IGs in line with Segerstrom et al. (1990), Helpman (1993) 

and Lai (1998), Dinopoulos and Segerstrom (2004), among others.250 In negotiations on 

the protection of international IPRs at the WTO, developing countries have been arguing 

that stronger international IPRs protection would simply generate substantial rents for 

Northern innovators and would not stimulate faster TK progress - see Maskus (2000). 

Our model seems to provide support for the position taken by developing countries. 

In short, if TK diffusion, with and without IT effects, drives the South towards a 

TK position closer to that which exists in the North in steady state - QJ"'SS is close to / -

and, in addition, under IT of IGs, the IT index is higher, the MCp is low and the \p is 

close to 1, then the steady state growth under the IT of IGs will be greater. In this case, 

we are in the presence of a very dynamic Vernon-type IG cycle model. Moreover, (i) 

without international flow of goods, assets and TK, divergence would occur between 

countries; the same holds if there were IT of IGs and imitation but the TK threshold d is 

not overcome; (ii) international TK diffusion strongly benefits the South, as we have 

already seen in the last chapter; (iii) benefits seem to have expanded with free IT of IGs. 

In fact, under IT of IGs, in addition to the level effects, since higher quality inputs 

become immediately available for FGs production, if IT of IGs strongly improves the 

250 We find however other economic models where stronger international IPRs protection often promotes 
innovative activity, such as Horowitz and Lai (1996) and Glass and Saggi (2002). 
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imitation capacity, the steady state growth rate, common to both countries, tends to be 

greater. Thus, now the North also benefits. Moreover, the growth rate exceeds the 

steady state growth rate during the transition to it. We are then in line with works like 

Durlauf and Johnson (1995), Evans (1996) and Quah (1997). 

Pattern of production, prices of final goods, wages and relation with technical progress 

We now come to the technological implications of the steady state growth in both 

countries, in terms of pattern of production, relative prices of FGs, TK bias and wages. 

General figures 4.1-4.6 below compare the without international TK diffusion steady 

state paths with the ones resulting from a move, at time to, to free IT of IGs. The figures 

are arranged in a suitable order to accompany the sequence of analytical steps followed. 

This analysis will be better understood later on in transitional dynamics analysis. 

Setting the steady state world growth rate of Qf" SHZ(. \ w) equal to the steady 

state world growth rate of QjVHVHz(. \ w) and, in addition, considering equations (4.24) 

and (4.27a, b), we obtain expressions which report the steady state threshold FG, Nz, or 

the steady state price indexes, ps
z
HSS and pv

z
HSS ,W\Xh QjmSS, ih(.\w)ss and the steady state 

price indexes in the other country. Thus, to find the steady state value of Nz is now more 

complex. For this reason, we will only solve them numerically for each country later on. 

We can, however, ascertain that due to the substitutability between ST and VT and 

complementarity between types of IGs and types of HC in equation (4.1 ), the threshold 

FG and relative prices of FGs are determined by the ratio of the two types of TK with the 

respective HC employed - e.g., equations (4.23) and (4.24). Due to the steady state 

relationships in equation (4.46), such a ratio tends to a constant in each country and, thus, 

so do N and relative prices - see also equation (4.47). Despite the downward level effect 

in the South at time zero, differences in factor levels - as assumed by equation (4.25) -

dominate the steady state, such that relative prices of FGs are always higher in the South. 

Figures 4.1 and 4.2 below also show a consistent drop in the steady state levels of 

both N and relative prices, from without TK diffusion to FT of IGs.252 In fact, due to 

differences in levels, at time zero (under IT of IGs), the North-South average relative 

It seems highly unlikely that integration between countries can have a large adverse effect on the world 
growth rate, as can happen in Gancia (2003). More specifically, in Gancia's model, sometimes 
globalisation increases North-South wage inequality and decreases the world economic growth rate. 
252 The magnitude of the Southern level effect at time t0 in figures 4.1 and 4.2 can be greater or smaller. 
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price of versatile FGs is higher than in the North alone.253 Through the price channel this 

induces relative demand for versatile-specific new designs, biasing R&D innovation in 

that direction more than in without international TK diffusion, as shown in both scenarios 

A and B of figure 4.3 below. Relative to without international TK diffusion, such steady 

state bias increases the world-wide supply of versatile-specific IGs, thereby lowering the 

steady state relative price of the versatile FGs and the TK threshold in both countries. 

Figure 4.1. Final good threshold Figure 4.2. Relative price of VH final goods 
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Scenarios A and B in figure 4.3 below lead to two alternative steady state paths for 

the relative productivity of state-of-the-art TK.254 Note that there is a continuum number 

of possible scenarios from the pattern of TK bias without TK diffusion until a pattern of a 

very strong versatile TK bias - stronger still than in scenario B. Scenarios A and B are 

chosen because they represent the two possible intra-country wage inequality paths. 

While the price effect on the TK bias - described above - operates in both scenarios A 

and B in the same direction (diminishing the rate of growth of the relative productivity of 

specialised TK), in case B the effect is strong enough to revert the bias.255 Thus, in line 

with theoretical works like Wood (1995, 1998), Learner (1996) and Acemoglu (1998) 

and with the recent estimates of Morrison and Siegel (2001) in which IT induces skill-

biased TK change, in our case IT of IGs induces a greater versatile-biased TK change. 

253 That is, even after the drop at t0 (which can be strong or not) in the relative price of Southern versatile 
FGs due to the level effect - access to the Northern TK induces immediate partial convergence in (non-
tradable) FGs prices - North-South average relative price of versatile FGs is higher than in the North alone. 

The path in the South is only shown up to time zero, since its relationship with the dynamics of prices 
and wages is confined to the without international TK diffusion. 
255 In short, the greater relative versatile price of Southern FGs implies that now there is a stronger 
incentive in the North to develop versatile TK - this is a directed TK effect induced by openness to the IT 
of IGs. 
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Figure 4.3. Relative productivity of versatile TK 
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Furthermore, we can state that a temporary partial Schumpeterian dynamic 

equivalent to the static Rybczynski (1955) result holds - since it is a result of the direct 

action of R&D activity directed at developing new vertically differentiated IGs.256 In 

fact, the IT of IGs decreases the relative productivity of specialised TK - i.e., there is a 

relative expansion in the 'endowment' of the versatile TK -, which temporarily raises the 

relative output of versatile FGs - i.e., Qjw VHz(.\w) grows at a higher rate than 

QjSH SHZ(. | w), as is implicit in figure 4.1. Thus, there is a Rybczynski effect in the sense 

that there is a versatile biased expansion of the production-possibilities frontier. 

Taking as a reference the analysis in the previous chapter, together with equation 

(4.24) and given the steady state values for the threshold FG in each country, we can find 

the world steady state measure of versatile-specialised-bias, which is influenced by the 

relative levels of the two types of HC at work in both countries; that is, 

2/ 
QÍ 

1-NS
7

S) sh (VHz(.\w) 
vh SHz(.\w) 

(4.54) 

Equation (4.54) indicates that the TK progress driven by the North will be 

endogenously biased towards the less 'abundant' factor in the country. Furthermore, 

equation (4.54) together with equation (4.33a) give us a relation between the versatile 

premium and the domestic relative abundance of the two types of HC equal to that which 

was given by equation (3.12). Thus, when confronted with equation (4.33a), the resulting 

equation suggests that the relation between the versatile premium and the relative 

256 The static Rybczynski result states that when factor supplies are fully employed, an expansion in the 
endowment of one factor of production raises the output of the FG that uses the expanded factor intensively 
and reduces the output of the other FG - see also, for example, Chacholiades (1990). 
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domestic stock of HC is now less elastic. That is, as in the last chapter, the demand curve 

tends to become less elastic when the quality indexes 'adjust'. Finally, we can again 

define the relative factor shares as given by equation (3.13), and so we have once more 

that with endogenous TK progress, the share of a factor in the output, Yz, will be 'directly 

independent' of its 'abundance' and it is constant. 

The decrease in the rate of growth of the relative productivity of the specialised TK 

is crucial to the steady state path of relative wages, as equation (4.32) and figures 4.4 and 

4.5 show. In these figures, we take into account that the equilibrium versatile premium 

must be greater in the South - see equation (4.33b) and respective comments. 

In the HOS model, IT affects directly the relative prices of FGs and changes in 

relative prices of FGs induce changes in relative wages through the Stolper-Samuelson 

(1941) theorem. This is because the latter states that a decline in the relative price of the 

imported good must reduce the return of the factor that is used intensively in its 

production - see also, for example, Chacholiades (1990). Thus, we can report that also a 

Schumpeterian dynamic equivalent to the static Stolper-Samuelson result holds in our 

case. In fact, our framework indicates that, by direct action of the R&D activity,257 the IT 

of IGs between the North, VH relatively abundant, and the South puts downward 

pressure on the Northern relative wage of SH and on the Southern relative wage of VH. 

In fact, in steady state the relative price of FGs is constant and the direction of TK 

bias is the sole determinant of the path of intra-country wage inequality. The immediate 

increase (level effect) in the relative wage of VH in the South ends up being reverted in 

steady state A (decreasing intra-country wage inequality, at a constant rate), or reinforced 

in steady state B (increasing intra-country wage inequality, at a constant rate), depending 

on the bias in favour of specialised or versatile TK, respectively. The steady state path of 

intra-country wage inequality, in either direction, is always more moderate than in 

without international TK diffusion, reflecting the weaker TK bias. More specifically, 

(i) in the autarkic North, the price channel operates strongly in favour of the relatively 

scarce HC, SH. In the autarkic South, relative scarcity causes increasing inequality.258 

(ii) in scenario A, the stimulus to the Northern demand for VH attenuates the path of 

declining inequality, relatively to what would have prevailed under autarky. In the South, 

Remember that due to IT of IGs, North-South average relative price of versatile FGs is higher than in 
the North alone and, thus, induces more versatile-biased TK progress than before, which pushes up the 
versatile premium - there is an adjustment process after IT, which changes innovation incentives. 
258 Increasing inequality is also reinforced by the level effect. 
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the strong reversal of the price channel effect - apparent in figure (4.3), comparing the 

autarkic bias in the South with the bias in available world TK - redirects the path of the 

relative wage premium in favour of declining inequality, following the same slope as the 

North - as equation (4.55) below shows, the common slope of the inequality path is 

determined in steady state by the negative growth of the versatile-specialised TK bias. 

(iii) the IT of IGs causes wages in scenario B to follow a path of increasing inequality 

in both countries. Thus, the IT of IGs reverts autarkic decreasing inequality in the North. 

In the South, however, IT attenuates autarkic increasing inequality. The slope of the 

inequality path is determined by the positive growth of the versatile-specialised TK bias. 

Figure 4.4. Decreasing inequality Figure 4.5. Increasing inequality 
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Thus, a possible result induced by the IT of IGs is the increase in intra-country 

wage inequality by raising the versatile premium - scenario B. This result seems to be 

more in line with the increasing dispersion of relatively unskilled to skilled workers 

wages, which is recognised as a stylised macroeconomic fact over the past twenty-five 

years in many OECD countries. Note that IT has accelerated over the past twenty-five 

years as well. Strictly speaking, our framework cannot explain this because we consider 

two types of HC and not workers. However, our approach provides a general idea, by 

considering that VH (SH) is more similar to skilled (unskilled) work. 

If scenario B holds, then contrarily to the standard IT model, IT of IGs also 

increases the versatile premium in the South. This may explain why the demand for skills 

appears to have also increased in the developing (Southern) countries, as noted by 

Hanson and Harrison (1999a, b), Robbins (1994, 1999), Pessino (1996), Feenstra and 

Hanson (1996a, b, 1997), Tan and Batra (1997) and Berman and Machin (2000), among 
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others, unlike predictions in the standard IT model. In particular, the last work quoted 

provides evidence of a significant increase in relative demand for skilled workers across 

industries in middle-income countries in the 1980s and interprets this finding as 

indicating the transfer of skill-biased innovations from developed (Northern) countries, 

in accordance with ours. Note that in recent decades, many developing countries have 

opened their economies to IT - e.g., Wacziarg and Welch (2003). 

Therefore, our framework enables us to discuss the impact of the IT of IGs on the 

'labour' market, explaining why both HC returns and intra-country wage inequality can 

increase. The former as a result of the action of induced dynamic benefits in both 

countries and still by the static benefit in the South. This increase should come as no 

surprise since HC should receive (at least) some of the benefits from IT. It is a result of 

the directed TK effect due to the differences in world prices in both countries and again 

by the static benefit in the South. After all, TK transfers are the reason for the existing 

impact of the IT of IGs on the 'labour' market. 

Figures 4.4 and 4.5 also depict the maintenance of a wage differential between the 

North and the South. This is to be expected from the conjunction of assumptions of (i) 

international HC immobility and (ii) differences in exogenous levels of productivity 

(directly related with the quality of domestic institutions) and in MCs between the 

countries. But the steady state rates of growth of wages are equalised between countries, 

which results from the application of equation (4.32) to both types of HC in steady state, 
\jmss j\JmSS 

or _Q. p 
Í • VHSS • SHSS\ 
1 w, w. 

er QJ; ywvr w f , 
( ,:,VHSS ,:,SHis\ 

\WP WP J 

QJ™SS QjS"SS 

Qi Qi 
This can be regarded as a Schumpeterian dynamic equivalent to the static factor-

price equalisation (also called Samuelson) theorem. That is, in spite of the international 

immobility of HC, the steady state growth of wages is common to both countries because 

they share the same TK progress embodied in internationally traded IGs. Remember that 

in our approach, the price effect on wages works through TK progress, as in Berman et 

259 For example, in line with standard models, Wood (1995) argues that IT leads to a rise in the relative 
price of skill-intensive goods and, thus, induces Northern specialisation in high-tech goods. This, in turn, 
raises the relative demand for skilled labour and pushes the skill premium up, whereas the opposite 
development takes place in the Southern trading partners. That is, the latter export primary products or 
'lower-technology goods' to the North. Consequently, IT in a Southern economy should be associated with 
an increase in the relative demand for unskilled labour and a narrowing of wage differentials. 
260 Wacziarg and Welch (2003) use the Sachs and Warner (1995) criterion to define all countries in the 
world as being either 'open' or 'closed' for each year between 1950-2000. In particular, they show that 
recently many developing countries have been opening up - e.g., Mexico in 1986, Philippines in 1988, 
Turkey in 1989, Hungary in 1990, Poland in 1990, Czech Republic in 1991 and India and China after 2000. 
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al. (1994), Krugman and Lawrence (1994) and Davis (1998), among others, and the 

steady state result is given by equation (4.55). Once again, 

(i) if the South is far from attaining the (Northern) TK frontier, then its TK progress 

will be low and so its wages will diverge relative to wages in the North. 

(ii) If the South is an imitator country, then its TK change will be greater and, thus, its 

wages will benefit from the imitation activity. However, a steady state wage differential 

remains between countries, contrarily to the static factor-price equalisation theorem of 

the HOS model - maintenance of inter-country wage inequality, in spite of partial 

immediate convergence (level effect in the South). That is, inter-country wage 

inequality in favour of the North remains constant, since the path of productivity 

becomes common to both countries. This is to be expected from the combination of 

international immobility of HC, differences in productivity, A/ > Ap, and in MCs between 

countries and from the HC share in production, lia > 1. In fact, from equation (4.33a), 

/ tv \ 1 / a 

pT AP 
V 

<1. (4.56) 
PT A, 

In equation (4.56) we take into consideration that the effect of different FGs price 

indexes between countries on the wage differential between countries is of second order. 

However, we have to bear in mind that the international difference in FGs price indexes 

results from differences in both MCs of production and threshold FGs. Moreover, the 

international difference in threshold FGs reflects the international factor-intensity 

reversal, which does not occur in the HOS model. We can evaluate this equation later on 

by transitional dynamics through calibration. 

(iii) Comparing equations (3.15) and (4.56) we find that, for each type of HC, the IT 

of IGs unambiguously reduces the steady state degree of inter-country wage inequality, 

such as in Grossman and Helpman (1991d) and Dinopoulos and Segerstrom (2004). This 

is because with IT of IGs the South has access to state-of-the-art IGs by imports or by 

imitation. Here, however, we need to be very careful. In fact, strictly speaking, we cannot 

compare the two equations, since they depend on the FGs price indexes, which depend 

on MCs that, by assumption, are different in the South under the two IT regimes. 

IT of IGs affects HC accumulation, of both types, thereby it changes inter-country 

gaps (also TK gaps) in favour of the South. Southern HC accumulation is immediately 

261 Remember that the HOS factor-price equalisation theorem states that free trade equalises factor rewards 
between countries, relatively and absolutely, and thus serves as a substitute for external factor mobility. 
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stimulated by higher wages, due to the level effect, and from then on continuously 

adjusts the levels to their higher steady states. Figure 4.6 shows the intertemporal trade

off between work and HC accumulation. Facing the permanent increase in wages brought 

about by IT of IGs at time to, Southern individuals adjust the trajectory of time allocation, 

devoting more time to schooling and OJT, and less time to work. That is, the ratio uwp/uwi 

falls at to, for both types of individuals. Then it adjusts smoothly back to its steady state 

level, around one. The path of the ratios of HC at work mirrors this dynamic adjustment. 

Figure 4.6. Relative Southern levels of HC 

to time time 

Finally, one last comment associated with the effects of IGs production subsidy and 

R&D subsidy. When they are equal in both countries, and are increased, a permanent 

increase in the world steady state growth rate occurs, regardless of the IT regime - e.g., 

tables 3.1 and 4.2 - and inter-country wage inequality in equations (3.15) and (4.56) is 

not directly affected. Though, when these subsidies are different between countries, then: 

(i) without IT effects, when they increase in the South, the steady state world growth 

rate is not affected - see comments to table 3.1 - but the TK gap decreases - we can find 

this result by considering different subsidies between countries in the deduction of 

equation (3.8) - and so inter-country wage inequality as well - e.g., equation (3.15);2 2 

(ii) with the IT of IGs, when they increase in the South, a permanent increase in the 

world steady state growth rate occurs - see table 4.2 - and they have no direct influence 

on inter-country wage inequality - see equation (4.56). 

When they increase in the North, a permanent increase in the world steady state growth rate occurs and 
inter-country wage inequality increases. 
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4.7. Some Extensions 
4.7.1. Overview 

In this section, we explore some extensions of the model. Once again, they are 

considered at this stage because they are analysed in the steady state and they can be 

taken into account later on in the transitional dynamics through calibration. 

In subsection 4.7.2, we compute and analyse the steady state pattern of both the 

cross-FGs TFP and aggregate TFP between countries. By allowing immediate access to 

state-of-the-art IGs, IT affects the productive structure in the South, bringing about 

partial convergence to the Northern productive structure and prices - see figures 4.1 and 

4.2. However, even when the countries have access to the same TK, either through 

imitation or IT of IGs, differences in exogenous levels of productivity directly related 

with the quality of domestic institutions and in HCs imply differences in TFP. Thus, we 

expect that both the cross-FGs TFP and aggregate TFP will be larger in the North in 

steady state, but smaller than without IT effects. 

In subsection 4.7.3, we analyse the effects of the use of the new GPT. Since now 

the South is no longer limited by its own ability to produce the best quality IGs, the 

emerging phases start at the same time in both countries. Generically, when the new GPT 

is beneficial to the production of all FGs at the same time, initially there is a small 

growth effect, which is extended in the next phase, when a level effect also occurs. When 

at first the new GPT is helpful in the production of versatile FGs, there are three distinct 

phases. In the 1st there is a small growth effect. In the 2nd and the 3rd, there are both level 

and growth effects. The versatile premium increases in the 2nd, and falls in the 3rd and the 

opposite occurs for the threshold FG, which decreases in the 2nd and increases in the 3rd. 

We also discuss (very intuitively) the impact of a positive shock that increases the 

versatile-augmenting parameter in the production function. It generates both a positive 

level and growth effects, increases the versatile premium and decreases the threshold FG. 

That is, it induces the same type of effects as the use of the new GPT only on VT. 

4.7.2. Final goods and aggregate productivity differences 

In order to verify the origin of TFP differences between countries with IT of IGs, 

we begin with the steady state pattern of cross-FG TFP and we end up with the steady 

state aggregate TFP, bearing in mind especially figures 4.1 and 4.2. 

Final goods productivity differences 
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From the definitions of Xn, MC^y and mc^y and from equations (4.12a, b), we have: 

Xa = 

PnA{l -a) 
q 

pnA(i- ■a) 

1-a 

1-a 

MCÍ» (l-n)shSHn(.\w)Qf 
(1-a) 

MC VH nvhVHn(.\w) Qf 
(1-a) 

if 0<n<N 

if N<n<l 

(4.57) 

Taking equations (4.22a, b) and (4.57), we can decompose the output of the nth FG 

in value terms, obtained by multiplying equation (4.19) by the respective price, /?„, into 

two FG components: TFPn and 'physical input' related to IG:263 

PnYn=\ 

^l-a TFPn (.\SH) Xn(.\SHy-a if 0<n<N 

TFPn (. | VH) Xn (.| VH)1'0- if N<n<l 
(4.58) 

Where: TFPn (. | m) = A pr> Qf m m„(.\w) 

Together, equations (4.22a, b), (4.27a, b) and (4.58) indicate that, in equilibrium, 

all FGs in each country have the same TFP, as figure 4.7a below shows, since: 

TFPn(-\SH) = ApSH [Qf"ShSHn(.\w)f = ; 

TFPn{.\VH)~ ApVH {QfHvhVHn{.\w)]a ' ( ' } 

In addition, considering equations (4.27a, b) and (4.59), the Northern FGs TFP is 

larger than in the South - although with a smaller differential in comparison with the 

previous case in subsection 3.3.2, as a direct consequence of the static benefit induced by 

the IT of IGs. To prove this, we start by computing the following particular situation: 

TFPnP(.\SH)s 

TFPnI(.\SH)s 
_ np exp(mcp) 

n<Ni 

2a 

SH(-\w)ssa < 1. (4.60) 

Equation (4.60) is expected to be smaller than one due to differences between 

countries in the As, in the MCs - which implies that exp(mcP) < 1 -, and the steady state 

differences between countries in the iVs - according to figure 4.1, Nf /NS
P

S is smaller 

than 1 - and in the SHs - as at time t0 SH(.\w)<l then also in steady state SH(.\ w)< 1. 

Comparing equation (4.60) with equation (3.19), which reports a similar situation 

without IT effects, now the TK gap is absent, because the South can immediately import 

The TPF„ is then a share of output of the n* FG in value terms that is imputable neither to the respective 
'physical input' nor to the individual input per se, where individuals contribute in terms of embodying HC. 
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higher quality Northern IGs for use in FGs production. In addition, the TVs are now closer 

- i.e., (N?/NS
P

S) 
Without IT effects 

(NÏS/NS
P

S) 
With IT of IGs 

<1, as figure 4.1 shows. Hence, 

together these results now imply a smaller differential in the TFP for all FGs than before, 

since TFPn is the same in all FGs of each country - see equation (4.59) - and 

TFPnI(.\SH) is greater than TFPnP(.\SH) - see equation (4.60). That is, we can 

generalise equation (4.60), by reporting that it is greater in all Northern FGs relative to 

the South - i.e., TFPnP(.\ m) < TFPnI(.\m) -, but the difference is smaller than before. 

When specifically comparing for each country the FG TFPn under both without FT 

effects, given in equation (3.17), and the FT of IGs, given in equation (4.58), we observe 

for the particular situation relative to the North presented in the equation below that: 

TFPnI(.\SH) 
without IT effects 

TFPnI(.\SH) 
with IT of IGs 

Nss 
with IT of IGs 

Ns 
without IT effects 

2a QF'SH? 
without IT effects 

QÍSHSSSHf 
with IT of IGs 

<;• (4.61) 

In equation (4.61) N™ 
without IT effects 

is greater than Nf 
with IT of IGs 

, due to the level 

effect and price effect from opening to the FT of IGs - see figure 4.1. Moreover, the latter 

term on the right-hand side of equation (4.61) tends also to be smaller than 1, due to the 

potentially positive feedback effect, which implies that QjSHSSSH,(.\wys under FT grows 

at a higher rate than QjSHSSSH,(.\wys without FT effects - see comments to equation 

(4.53b). Since TFPn is the same in all FGs of each country under both IT regimes - see 

equations (3.18) and (4.59), respectively -, equation (4.61) can be generalised to all FGs 

- i.e., TFPn,(. |m) | With rr of IGS > TFP„i(. |m)|w;thout IT effects- Besides, from equation (4.60) 

and its generalisation, we obtain TFPnP(. \m) | withrrofios > TFPnP(. |m)|without IT effects-

In brief, the analysis in subsection 3.3.1 of the last chapter, together with equations 

(4.59)-(4.61) and their generalisations, enable us to state that TFP: (i) is the same in all 

FGs in each country, TFPnZ(.\SH) = TFPnZ(.\VH); (ii) is greater in the North, 

TFPnj{.\m) > TFPnP(.\m), but the difference is now potentially smaller, [TFPni(.\m)-

TFPnP(. |m)]|with IT of IGS < [TFPnI(. |m)-rFP„p(. | m)]|withoutrr effects; (hi) is greater under the 

FT of IGs, TFPnZ(.\m) \with rr 0f \Gs> TFPnZ(.\m)\without rr effects- When the FT of IGs 

strongly improves the imitation capacity and international IPRs protection is weak, the FT 

of IGs improves the FGs TFP in both countries, due to the strong dynamic effects 

generated. Moreover, the improvement is greater in the South, because it also benefits 

from the level effect which occurs when the FT of IGs begins. 
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Defining again the FGphysical TFP as PTFPn (.\m) = VATFPn {.\m)lpn, then: 

PTFPn(.\m) = 

A 
pSH 

A 
Pn [ 

A 
pVH 

A 
Pn [ 

QJS"sh SHn(.\w) 

QJ,v"vhVHn{.\M>) 

,JSH 
(l-n)Q,J shSHn(.\w) 

nQf"vhVHn{.\w) 

if n<N 

if n>N 

(4.62) 

Figure 4.7b below summarises the conclusions resulting from computing FGs 

PTFP. First, comparing the PTFP of the different FGs in each country, and using 

equations (4.22a, b), then: 

PTFPn(.\SH) 
PTFPn(.\VH) 

~l-n 
n 

a N 
1-N 

2a '1-N' 
N 

(4.63) 

That is, regardless of the country, when n * N there are two FGs with the same 

PTFP, although one of each type. In particular, when n = N equation (4.63) is equal to 1. 

Second, PTFP is higher in the North than in the South in all FGs, as equations 

(4.64a-c) below show. Third, comparing the three cases, n<Ni, Ni<n<NP and n >NP, 

the difference between countries increases progressively between Ni<n<NP and that 

after NP it again remains constant. In fact, the result in equation (4.64a) for n < Ni is 

immediate, bearing in mind the comments associated with equation (4.60). Moreover, 

computing the ratio between equations (4.64a) and (4.64b) and between equations 

(4.64a) and (4.64c), we verify that, for n > Ni, the difference increases progressively 

until n = Np and stops there. The cause for the increase is the use of SH - and so of ST -

in some FGs in the South, which use VH - and so VT - in the North. 

PTFPnP(.\SH) 
PTFPnI(.\SH) 

PTFPnP(.\SH) 
PTFPnI(.\VH)^Nr<n<N; 

PTFPnP(.\VH) 
PTFPnI{.\VH) 

n<N 

lI L 

n>Np 

AP ~1-Njss~ 
A/ 1 -NP

SS 

SH(.\w)ssa<l; 

QJSHSSshSHP(.\w)s 

QrSSvhVH,(.\Wy 

VH(.\w)ss <L 

(4.64a) 

< 1 ; (4.64b) 

(4.64c) 

Fourth, comparing equations (3.22a-c) and (4.64a-c), respectively, the differential 

in FGs PTFP is now smaller, since the TK gap is absent and the Ns are closer. Fifth, 

computing the ratio between FGs PTFP in both IT regimes, in each country, it tends to 

be greater under the IT of IGs, PTFPnZ(. \m) | with rr 0f IGS >PTFPnZ{. \m)|without rr effects- The 
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justifications are similar to those associated with equation (4.61). In summary, the IT of 

IGs improves the FGs PTFP in both countries, but more so in the South. 

Figure 4.7. Final goods total factor productivity (TFP) and physical TFP patterns 

a) Final goods TFP b) Final goods physical TFP 

TFPnl 

TFPnP 

N, NP 1 n 

PTFP„, 

PTFPnP 

N, NP 1 n 

In figure 4.7b, area a + b must be equal to area c. Relative to figure 3.4 for the 

previous IT regime without IT effects, we now have it that the areas are smaller. 

Aggregate productivity differences 

The FGs TFP can be translated into a measure of aggregate TFP. In fact, writing 

aggregate output as Y = exp [J InpnYn(.|SH)dn + { lnpnYn(.\VH)dn], considering 

equations (4.22a, b), (4.27a, b) and (4.58) and with some additional algebra, we have: 

Y = TFP X(. | SH)a^)N X(. | VHf-a)(1'N). (4.65) 

Where : TFP = A exp (-a) 
( .W 
SH(.\w)shQ/ 

V 
VH(.\w)vhQl'"\ N N-aN\l~N) 2U-N) 

Since both countries produce the same number of FGs and the North has higher 

FGs TFP, the Northern aggregate TFP is also higher than in the South. Nevertheless, 

from the analysis above, the difference must now be smaller than without IT effects. 

Finally, computing the aggregate output per individual, Y, per individual 

occupation at work, y = {Y[SH+VH]/[SH(.\w)+VH(.\w)]}, and per efficiency unit of 

individual occupation at work, ytf ={Y[SH+VH]/[shSH(.\w)+vhVH(.\w)]}, between 

both countries, we get the following two equations/ratios, since Yp/Y{ and yplyi are equal: 
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YP
SS ys

P
s . ifAp^1 

~J~~ --'—■-- exD(mCr,)a —— = exp(mcp)a 
i yi 

01 sH(.\wy <1; (4.66a) 

y P _ ip ( SHP
ss + VH™ V sh SH, (. | w)ss + vhVHj(.\wys ^ 

y/ f Y,
ss 

Stf/
S + VHf 

\ " " / ' ' " / J J 
< 1 ■ (4.66b) 

sh SHP(.\w)ss + vhVHP(.\wY 

Bearing in mind the previous analysis, equations (4.66a, b) suggest that the 

aggregate output per individual, per individual working and per efficiency unit of 

individual working are greater in the North. Since under the IT of IGs the JVs become 

closer between countries, the comparison between equations (4.66a, b) and equations 

(3.24a, b), respectively, suggests that the difference between countries is now smaller. 

In summary, both FGs and aggregate TFP are large in the North. For each country, 

they tend to be larger under the IT of IGs than without IT effects. Moreover, the 

differential between countries now tends to be smaller. So, the IT of IGs improves the 

TFP of both countries but the improvement is greater in the South. Essentially, the TFP 

differences arise due to differences in productivity parameter, A, in the levels of HC at 

work, m(.\w), and in productive structure, N. Thus, for example, an exogenous 

improvement in A/ helps the steady state world growth rate, although it expands the TFP 

gap between countries, whereas an exogenous improvement in AP helps the steady state 

world growth rate and decreases the TFP gap between countries. 

4.7.3. Consequences of a new General Purpose Technology 

We proceed now by analysing the effects resulting from the introduction of the new 

GPT. Again, we focus the investigation on the successive steady states that emerge in 

each phase, by assuming that a temporary steady state is reached in each one. The distinct 

phases occur since the use of the new GPT requires a minimum compatible TK level. 

For the same reasons as in chapter 3, the subsection is divided in two scenarios. In 

the 1st, the new GPT is beneficial to all FGs at the same time. In the 2nd, the new GPT is 

first beneficial to the FGs produced with VT. Since now the South is no longer limited by 

its own ability to produce the best quality IGs, the phases start at the same time in both 

countries. Thus, there are two phases in the former case and three phases in the later. 

1
st scenario: New GPT is beneficial to all final goods at the same time 

During the time from the use of the new GPT until the occurrence of another new 

GPT, the production function for the nth FG in country Z, Y™, is again given by equation 
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(4.1), but now the exogenous productivity level is A^G{> Az) and k>]^. Then, from the 

time of the use of the new GPT until the arrival of a new GPT, equation (4.19) becomes: 
";-q" 

P„ - ^ " J MCiH
y (l-n)shSHn(.\w)Qf if 0<n<N 

yNG _ 
n 

{NG lia 

{NG I/o. 
Pn 

(1-a) 
q 

l-a 
(4.67) 

L " j MCÏ" nvhVHn{.\w) Qj if N<n<l 

In equation (4.67), Qjm must be greater than or equal to the TK minimum QJ™, 

and, in the present scenario, Q]M and QJM occur at the same time. We let A represent 

the time that is required to reach QJM from the previous steady state. Thus, as figure 4.8 

shows, the new GPT generates two phases. In phase 1, during [f", fs+A), the old GPT 

goes on to be used in both countries. In phase 2, from fs+A until a new GPT occurs, the 

previous new GPT is used in both countries. The effects of the new GPT in the steady 

state in each phase are then briefly analysed and they are summarise in table 4.3 below. 

Figure 4.8. Phases generated by the new GPT in the time horizon 

New 
GPT 

New GPT 
used in / and P 

,ss Phase 1 tss+A Phase 2 

1st scenario, phase 1: the old GPT is used in both countries 

The analysis in this phase is quite similar to the respective phase in chapter 3. Thus, 

in this phase the new temporary steady state world growth rate is unambiguously greater 

than in the previous steady state world growth rate. This is because, by assumption, there 

is a level jump in %s and %T when the new GPT arrives for XsG> Xs an(^ XTG> IT ~ 

see table 4.2. That is, the new GPT confers a 'growth effect' to both countries with 

positive impact on their productivity. As the new GPT has not yet been introduced on the 

production side, it is a 'time to sow' (with some 'reap') for both countries. 

1st scenario, phase 2: the new GPT is used in both countries 

At time t = fs+A the Northern TK reaches QJM . Then, both countries use a new 

GPT and there is a level jump in their aggregate outputs ('static benefit'): Yz jumps to 

Y2° due to A™, where, in particular, Qjm>QJM . Moreover, the greater productivity 
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level associated with the new GPT, which also intensifies the feedback effect, increases 

the expected profits of the innovator firms. As a result, the rate of innovation increases. 

Hence, the new world steady state growth rate is greater than in the last phase, due to the 

additional growth effect generated in innovative activity with the use of the new GPT. 

In short, the new GPT generates two dynamic effects. First (phase 1), in HC 

accumulation and after that (phase 2) in R&D innovative activity and, as a result, 

Srphasei > S^hasei > £ r • These two dynamic effects, together with the static benefit 

induced by the use of a new GPT, have a positive impact on the FGs as well as on the 

aggregate TFPs of both countries. Phase 2 is thus a 'time to reap' for both countries. 

Table 4.3. Main results obtained in each of the two phases 

Phase 1 Phase 2 

Time to sow In both — 

Time to reap In both In both 

Growth effects In both In both 

Level effects — In both 

Note: no direct effects occur in inter and intra-country wage inequality, nor in productivity 
differences between countries due to the use of a new GPT. 

«nd 2 scenario: First the new GPT is beneficial to some final goods at the same time 

As some recent literature recommends, we again assume that the new GPT is used 

first in FGs which use VT. Let Am represent the time required to reach QJM from the 

previous steady state. In this case, until there is a complete use of the new GPT in the 

world, there are three phases with specific characteristics - see figure 4.9. In phase 1, 

during [f, tss+ AVH ), only the old GPT is used. In phase 2, during [tss+ AVH , f+ ASH ), 

the new GPT is used in VT. In phase 3, from tss+ ASH on, only the new GPT is used. 

Figure 4.9. Phases generated by the new GPT in the time horizon 

New 

GPT 

H  

New GPT 

used in VT 

Only new GPT 

is used 

Phase 1 tss+AVH Phase 2 tss + ASH Phase 3 
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We begin by analysing phase 2, since phase 1 remains the same as that described in 

the last subsection. At the end, we summarise the main conclusions in table 4.4. 

2" scenario, phase 2: the new GPT is only used in VT (but in both countries) 

Considering by assumption that the versatile TK reaches the TK minimum 

compatible with the new GPT before the specialised TK, which corresponds to time 

t = fs+ A r a , the production function of each nth FG is different according to the use of a 

VT or a ST. Then we can get an equation equivalent to equation (3.27) without IT 

effects, for both countries, and the threshold FG Ne [0,1] can be found as: 

NVNG = 1 + Qf vhVHz(.\w) ( ANG\ 

QlSH shSHz(.\w) 

lia 

\AZ J 

1/2 

(4.68) 

From equation (4.68), the use of the new GPT in VT decreases Nz- In other words, 

FGs at the margin are moving from the use of ST to the use of VT. 

There is also a static gain with the introduction of the new GPT in VT. The 

aggregate output Yz jumps from the value given in equation (4.30a, b) to Y VNG . 

YrG=exp(-l) 1-a 
1-a 

a 
MC 

QÍ shSHj(.\w) A'la 

SH 

+ Qj vhVHj{.\w) A* NG lia. 

2 ' (4.69a) 

? VNG lia Alla 
■ exp(mcP-a) A 

1-a 
- ,7-a 

MCÎ SH 

Qj shSHpQw)^ lia 2 

+ Qj vhVHP(.\w)AN
P 
NGlla 

(4.69b) 

The price paid per unit of each type of HC now becomes given by - where, 

remember, V (S) before SH and VH represents the value of variables (which changes) 

after the introduction of the new GPT only in VT (ST): 

BY 
dSH(.\w) 

= w™ = A (i/«) O-cc^ 
k 1 J 

1-a 

Pz M C E Y sh Qj , (4.70a) 
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dY 
dVH(.\w) 

W — / 1 7 
l-a 

K <i J 

l-a 

° J p™iI/a) MC™ vh Qf (4.70b) 

Relative to equations (4.31a, b), equations (4.70a, b) suggest that now the price 

paid for each unit of both types of HC increases with the use of the new GPT by VT and, 

contrarily to the previous IT regime in chapter 3, this is now true in both countries. 

Consequently, both types of workers in the world benefit. Nevertheless, workers that 

accumulate VH benefit more, because the versatile premium must increase, W™G > Wz : 

W. VNG _ WZ _ 

Wn ysH 
QÍ 
Q 

JSH 

W 

V 

VNG 

vhVHz(.\w) 
shSHz(.\w) 

W„ 

J 

j_ 
2 a 

"2 vh 
sh 

>1-

f A NO \ 2a (4.71a) 

(4.71b) 
t=tss+Av' 

Thus, as well as the IT of IGs, the use of the new GPT in VT is another possible 

explanation for the increase in demand for skills in all countries, which is mirrored in the 

increase of intra-country wages inequality. However, these changes are temporary (phase 

2), although they can occur over a long period of time. 

So far, we have analysed the effects at the time of introduction of the new GPT in 

VT. But, we can find that, for example, the world growth rate is given by - where 

mApVNG is the value mAp when the new GPT is introduced only in VT: 

o'phase 2 
l-x KZ 

u 
7-Ct 
a 

'•KZj 

% tfexp(PE+IT)gl(.f'g2Q°^ q^iPm ( MCj-MCp 
I -s <f J 

( 7 - a ) a mAp™0 
l-a 

aJ-l - §">+ <pm["*]X£G 1+"TG(t\m) 
u$G(t\m) 

l-a\ ^ 
a ) T - TKZ 

1 - t KZ 

(4.72) 

In equation (4.72), innovator firms in versatile TK benefit from AfG and ApG and, 

on the other hand, lose from the decrease in pJH and pv
p
H , since Ni and Np decrease. 

Also resulting from equation (4.72), the probability of innovation in specialised TK and, 

thereby, the growth rate must be greater than before since pfH and pf,H increase. Hence, 

the growth effect shortens the time for use of the new GPT in ST. As for a unique steady 

state, the growth rate in equations (4.72) must be equal for m = SH and for m = VH, the 
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positive effect of Aj and Ap dominates the negative effect of pJH and pv
P

H on the 

growth rate, considering m = VH. 

In brief, in this phase and for both countries, which is new relative to the previous 

IT regime, there are both level and growth effects, FGs at the margin are shifting from 

the use of ST to the use of VT, and the versatile premium increases, although the price 

paid per unit of SH also increases and the respective productivities are now greater. 

2nd scenario, phase 3: only the new GPT is used in the world 

In phase 3, the new GPT is introduced in all FGs in both countries. In this time and 

for the same reason as before, some FGs at the margin now move from the use of VT to 

the use of ST. In other words, Nz increases as well as p%H , and inversely p£H decreases. 

The introduction of the new GPT into the production of all FGs again generates both a 

level and a growth effect, and the versatile premium decreases in relation to the last 

phase, although the price paid per unit of VH also increases. There is a new improvement 

in the countries' productivity. 

Table 4.4. Main results obtained in each of the three phases 

Phase 1 Phase 2 Phase 3 

Time to sow In both In both — 

Time to reap In both In both In both 

Growth effects In both In both In both 

Level effects — In both In both 

Versatile premium — T in both 4- in both 

Threshold final good — i in both t in both 

Note: no direct effects occur in inter-country wage inequality, in productivity differences between 
countries and in the TK gap. 

To conclude, note that the effect of the biased HC productivity shock leads to an 

increase in the versatile-augmenting parameter vh; that is, a shock in a specific Ricardian 

component of our model has the same impact as the introduction of the new GPT in VT. 

In other words, a positive shock generates in both countries a positive level - e.g., 

equation (4.30a, b) - and growth effect - e.g., equation (4.50) -, increases the versatile 

premium - e.g., equation (4.33b) - and decreases the threshold FG - e.g., equation 

(4.24). Therefore, a shock in vh can be an additional explanation for the increase in 

versatile premium in both countries. 
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4.8. Transition to and stability of the balanced growth path 
4.8.1. Overview 

Under the IT of IGs, we have established that a world growth rate exists in steady 

state that is common to both countries - the North and the South. We need then to find 

out whether both countries (world) converge towards the steady state or not, using the 

fourth-order Runge-Kutta classical numerical method - see section 3.4 - for the set 

baseline parameter values - in table 3.4 - and the set initial conditions - in Appendix 3. 

Under the IT of IGs, there is a feedback effect between countries. Consequently, 

when one is out of the world steady state - affected by the action of both countries - so is 

other one. Thus, in order to analyse the stability of and convergence to the world steady 

state, the countries must be considered together. In the next two subsections, we will 

analyse as fully as possible the transitional dynamics in the world. In subsection 4.8.2, 

we will find the differential equations and, in subsection 4.8.3, we will solve the model 

numerically for the baseline parameter values and initial conditions. 

4.8.2. Transitional dynamics for the world: differential equations 

Once again the differential equations are a result of equilibrium in the labour 

markets, free entry conditions into R&D - innovation and imitation - , individual utility 

maximisation with individual optimal time allocation. 

Regardless of the country, on the demand side of the labour market, off the steady 

state, the Northern growth rate of m-specific TK, the dynamic of the respective FGs price 

index and the dynamic of MC?y, which reflects international limit pricing and MCs, 

translate into the growth of demand m-type HC - e.g., equation (4.32). Equating the 

wages' dynamic of m-type HC obtained on the 'demand side' with the respective wages' 

dynamic obtained on the 'supply side' - equation (2.70) -, we obtain: 

Qf\t) a pm
z(t) MC"r{t) Kl z V 

jp/ntJ/fl y 1+ uT(t\m) 
. us(t\m) 

(4.73) 

Bearing in mind the uniqueness of the country's interest rate as well as the equality 

between MC[" and MC™ - see section 4.4 - , and considering equation (4.73) for both 

m = {SH, VH} and afterwards subtracting the two resulting equations, we have that: 

Pi 
Dl 

z_ _ 2 Qj QÍ 
Qi QÍ 

+ ò -Ò +Xs (P VH(0 1 + 
uT(VH) 
us(VH) 

i-0 

<P Sm.?. 1 + uT(SH) 
us(SH) 

ftl 
(4.74) 
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Equation (4.74) gives the dynamic of Dz, where Dz = — z\-\w) 5
264

 m^ -m 
QfSHSHz(.\w) 

addition, it provides useful information. Indeed, from equation (4.74), 

Dj DP 
(4.75a) 

VHi(.\w) SHi(.\w) _VHP(.\W) SHP(.\W) VH(.\ w) _ SH(.\ w) _ v ( 4 7 5 b ) 

VHj(.\w) SHj(.\w) VHP{.\w) SHP(.\w) VH(.\w) SH(.\w) 

\JV 

=i> QÍ Qj = Qi_ Q 
~ ,VH ~ ,S 

QJ QJ 
(4.75c) 

jvn run jvn i j n i-* rvn *** jon 

QÍ QÍ QP QP Q1 QJ 

Equation (4.75a) results directly from equation (4.74), and equation (4.75b) is 

clear from equation (4.75a) when considering the definition of Dz. Equation (4.75c) 

results from equation (4.75b) bearing in mind the following explanation. There is a 

feedback effect between countries such that the equilibrium probability of successful 

innovation is stimulated by the equilibrium probability of successful imitation, and vice-
■ jVH ,VH ■ ,SH ,SH ■ ,VH ,VH ■ ,SH fSH 

versa. Thus, for example, a case such that Q] 10/ -Q\ I Qj <QP IQP - QP IQP 

is impossible to hold, since it means that imitation activity is relatively versatile and 

stimulates specialised innovation activity, under one scenario in which the HC does not 

contribute to this - i.e., it is 'neutral' -, as equation (4.75b) shows. 
In addition, the equality between MCÏ" and MCf? - considering the definitions 

of both MC?y and y™ in equation (4.13) - and equation (4.14) allow us to write that: 

1 - pbP (k, av, 11 SH) - 3 ; (t \ SH) + H2 (t \ SH) rfH(t) = 

l-pbP(k,av,t\VH)-Ej(t\VH) + E2(t\VH) 
(4.76) 

r]\t) 

Plugging equations (4.15a, b) into equation (4.76), considering equations (2.54) 

and (4.75c) and the definition of Qjm , we get that: 

QJ (0 . QJ (t) 
— jVH ~ jSH 

QJ (t) QJ (t) S,(f) 
rTit) - rfH(t) 

-1 / ■ ,VH * jSH \ 

QÍ (0 Qi (0 
Qi (0 Qi (0. 

(4.77) 

2 4 Incorporating this new D!
z in equations (3.42) and (3.61), we obtain the dynamic of the price indexes of 

FGs in the new trade regime, for the North and the South, respectively. 
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Where: ff\t) -ff\t) = ~" .VU ~ jSH 

Q
J (0 -Q

J (0 
l 

MCP-s, 

v) 
xl J MCj-s 

m 
xlj 

Since E2 (t) > 0 and in steady state S2 (t) = 0 - equation (4.15b), we assume that: 

H2(0 = 
-\-i 

pj exp(p2 t) (4.78) 

where the parameter p} >0 represents the value of E2(t0) and the parameter p2 >0 

captures its temporal evolution, so that in the steady state E2(t
ss) = 0. A small H2(i) -

i.e., a greater p ; , p2 and t - implies that the Southern losses owing to successful 

innovations increase. Thus, for example, when t —> fs the Southern losses due to Northern 

R&D increase because the South produces progressively more IGs until the steady state. 

We can get the dynamic of D?, QJ™ and QjS" by solving the system of 

differential equations given by equations (4.74) and (4.77), if we know the dynamic of 

Qj™I Qf"- QjSHI Qjs" ■ The easiest way to obtain the latter consists in making use of 

equation (4.45). Thus, solving Qf'/Qjn'- Qjf'/Qj " and considering the benchmark 

catching up term - the sole considered now - in the probability of successful imitation, 

% ^ - % i F = PP tf V exp(PE+lT) <7-a) a 
jvn j 

Qí QÍ 

MCj-MCp 

v 
l-srP 

vh gl[VH(.\w)f< g2(Q
jV", df^ q^VH)VHAp 

( (l-o\ ■ 
a J _ j 

Q 

J 

(4.79) 

-shgl[SH(.\w)f> g2(Q
jS",dr^ q^SH)SHApi 

Where the expressions for VHAp and SHAp result from the definition of mAp, 

considering m= {VH, SH} in equation (4.41). In equation (4.79), the price indexes -

inside expressions VHAp and SHAp - are given by equations (4.27a, b), and they depend 

on £>2 ■ The dynamic of Qfl Qj - Qj "/ Qjs" also depends on the dynamics of both 

VH(. \w) and SH(. \w), which according to equation (4.75b) are equal. In order to get 

the dynamic of VH(. \w) - or, alternatively, of SH(. \w) -, first we find the two 

expression for the Southern interest rate - one for each m - and, after that, we equal 
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them. Thus, considering the representative domestic IG, av, for each m-specific IG, the 

expression for the expected present value of profits for the lead imitator is given by: 

Vp(k,av,v\m) - IJP(k,av,v\m) J exp Í rP(v) + pbj (k,av, v \ m) dv ds. (4.80) 

In equation (4.80), rp{v) is the Southern interest rate at time v and, which is crucial 

under IT of IGs, pb{(k, av, v\m) is the probability at time v that the av IG of quality rung 

(k+1) of the m-specific TK ladder will be innovated. Free entry into R&D implies that at 

all times, the expected present value of profits from successful imitation times the 

probability of successful imitation must equal the after subsidy cost of imitation; i.e., 

pbP(k,av,v\m) VP(k,av,v\m) = (l-srP) rsp(k,av,v \m). (4.81) 

Where pbP(k,av,v \m) is the probability at time v that the av IG of quality rung k 

of the m-specific TK will be imitated.265 Plugging equation (4.80) into equation (4.81), 

pbP{k,av,v\m)<np(k,av,v\m)\ exp ■J. rP(v) + pbj(k,av,v\m) dv ds\ = 
(4.82) 

= (l-srP) rsP(k,av,v\m) 

Differentiating both sides of equation (4.82), using Leibniz's rule for the left-hand 

side, we obtain after some algebra the following equation for the Southern interest rate: 

rP(t) 
__ r'sP(k,av,t\m) pbp(k,av,t\m) I7P(k,av,t\m) 

rsP(k,a,t\m) pbP(k,av,t\m) IJP(k,av,t\m) 

pbP(k,av,t \m) np(k,av,t \ m ) 

+ 
(4.83) 

pb[(k,av,t\m) 
rsP{k,av,t\m) (l-srP) 

Using equations (4.37) and (4.35c) we have, respectively, that: 

r'sp(k,av,t\m) _ pbP{k,av,t\m) mP(t\w) + m[(t\w) _ gj(.) 
rsP(k,av,t\m) pbP(k,av,t\m) mP(t\ w) + mj(t\ w) g7(.) 

(4.84a) 

à2(.)lng2(.) - a 2 ( . ) g2C) 
g2(-) 

- k,(av,t \m) a-1 
/ w < ? - — „ 

QJ 

Ùp(k,av,t\m) jnÀp 

I7Jk,av,t\m) "^P 
+ kj(av,t\m) 

K a j 
Inq (4.84b) 

Plugging equations (4.84a, b) into (4.83) the interest rate becomes given by: 

265 Note that this definition is different from that provided in the last chapter. 
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r p =m|.( .k) + m / ( . | w ) _ i ^ _ - i ^ _ á 2 C ) f a f e ( 0 _ q 2 o g 2 ( . ) 
mP(.\w) + mI(.\w) mAp ' gj(.) 

g pbp(k,av,. \m) I7P(k,av,.\ m) 
g2o (4.85) 

pbj(k,av,. \m) 
Qjm rsP(k,av,.\m) (l-srP) 

In equation (4.85), the first six terms represent the capital gains/losses term, the 

following one is a dividend term - which is independent of the quality rung - and the last 

reflects loss of the market when the next successful innovation occurs - which according 

to equation (4.45) can be written in terms of the growth rate of the respective TK. 

Equating the two equations for the interest rate; that is, for m = {SH, VH}, since the 

country's interest rate is unique, we get, after some algebra, the following differential 

equation - omitting both indexes t and w, i.e., the HC gaps m must be read as fh{. \ w) : 

~ ~ ,v 
VH QJ 

v~H QJ 
QJ In -QJ +(l + d)QJ ~ ,SH 

QJ In 
~ ,S« 2 ~ tSH 

-QJ +(l + d)QJ -d 

~ ,VH 

+ (-õ2+QJ ) 
-2QJ +Q + d)QJ 

-QJ +(l + d)QJ -

SH 2 

-(-a2+QJ ) 
~js« -2QJ +(l + d)QJ 

,Sff2 

1 + VH' 
y 

V / 

/ \ 
- 1 + SH -j 

\ J 

(Ai Pi ) ~(APPP ) - + -

-QJ +U + d)QJ -d 

GjVHexpiVH) 
(4.86) 

(A, p™ ) l l a + (AP py
P

H ) 1 / a VH [1 + exp(VH)][l + 2exp(VH)] 

(AlP™)1/a-(ApP
s»)»a 

- + -
ãjSHexp(SH) 

(Aj pf ) l l a + (AP pf ) l l a SH [1 + exp(SH)][l + 2exp(SH)] 

Differential equations (4.74), (4.75a-c), (4.77), (4.79) and (4.86) form a system 

which describes the world transitional dynamics, such that the variables D\, DP, QJV" , 

QJS» ^ yfj^ | w) an (j sg( | w^ m u s t ^ e c o n s t a n t s in steady state. 

We can define other important variables, which are also constant in steady state. 

We note that under IT of IGs: D2
Z = Cz(VH)/QrVHz(.\ w), D3

Z = Cz(SH)/Qf"vHz(.\ w), 

D4
z = Cz(yH)IQJ SHz(.\w) and D5

Z = Q (SH)IQJ SHz(.\w). Let DIP' = D\/D\ p> 

where i = 2, 3, 4, 5. Then, using equation (4.73), the dynamic followed by DIP1 is: 

DIP' 1,, ., . m(.\w) 1 I 
DIP 6 m(. \w) 6 a 

EL 
Pi 

m -m 
Pp 

II 
2 e 

1 + 
V sh 

-U/2) 
1 + vh 

sh 

Pp 

-d/2) 

+ 

Di 

m(. | w) 
m(. | w) 

Dj | m(.\w) 
Dj m(.\w) 

(4.87) 
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On the right-hand side of equation (4.87), m(.\w) = VH(.\w) for i = 2,3 and 

m{.\ w) = SH(.\w) for i = 4, 5. However, according to equation (4.75b) the dynamic of 

DIP' in independent of index i. Since DIP1 can be considered a relative measure of 

welfare between the North and the South, its dynamic gives us an idea about the 

(relative) leading country at the welfare level. 

We can also define DZm = Dz/Dz, where i = 4, 5 and i ' = 2, 3. Its dynamic is, 

DZl _ Cf Cf | Qjm Q\m VHz{.\w) SHZ ( » = Dz 4 g g ) 

DZ1 Cf Cf Qf" Qf" VHz(.\w) SHz(.\w) Dz' 

Equation (4.88) tells us that the dynamic of DZl/l is independent of both i/V and 

of the country considered - see equation (4.75a). Since DZ'/l can be called a relative 

measure of welfare between the specialised and versatile specific technology, its dynamic 

provides an explanation on the world gaining m-specific technology in welfare. 

Additional information could also be shown, like the dynamic of D'z, i=2,3,4,5 (in 

addition to the analysis in relative terms) and the dynamic of the amount of (non-leisure) 

time individuals allocate to production and to training. To simplify, we will only 

explicitly present the numerical values of Dz
s, usJz, us

sz, and u^, and in the deduction 

of the differential equation we avoid the use of the Northern interest rate.266 

4.8.3. Solving differential equations for the baseline parameter values 

Bearing in mind the system of differential equations which characterise the world 

transitional dynamics, we analyse now the transition to and stability of the steady state 

numerically. The dynamic is displayed for the set baseline parameter values in table 3.4. 

Thus, we leave for the sensitivity analysis in the next section, the impact of international 

IPRs protection by considering for now the baseline parameter value ip = 1. Besides, we 

266 To obtain this, we would have to start from free entry into R&D, which in this case implies that: 

(l-srI) rs,(k,av,v\m) = pb,(k,av,v\m) <I7I(k+ l,av,v\m) 

\exp ■I 
ri(v) + pb,(k + l,av,v\m) + pbP(k +1 ,av,v\m)- pbj(k + l,av,v\m)pbP(k + l,av,v\m) dv ds\ 

where the term in large brackets on the right-hand side corresponds to the expected present value of profits 
for the leader innovator, Vr(k +l,av,v\m)- The expression for the interest rate becomes complicated due 
to the flow of profit of leader firms, 77;(A:+7,av,v|m), [e-g-, equation (4.36)] and due to the feedback 
effect reflected in creative destruction. So, the analysis with the Northern interest rate is highly intractable. 
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assume that p1 = 5 and p2 =0.03 are the baseline parameter values in equation (4.78). 

Table A3.8 in Appendix 3 (subsection A3.2.1) compares initial and steady state values. 

We consider that IT begins at time to, when the North reaches the autarkic steady 

state - i.e., the Northern autarkic steady state values are also its initial values at to. The 

adjustment process is globally stable since paths converge to the stable world steady 

state, which is reached at the end of 110 years. This means that under the IT of IGs, the 

speed of convergence - common to both countries - falls.267 This seems to be a strong 

result since the speed of convergence is not very sensitive to the parameters in E2(t), as 

we will see in the next section. The existing feedback effect between countries is 

accountable for this result. The prolonged time necessary to reach the steady state 

indicates that the transitional dynamic is important and should not be neglected. 

Figure 4.10 below reveals that both D\ and Dp increase from their initial values -

1.24 and 1.06, respectively -, but at a decreasing rate until they reach their steady state 

values - 1.29 and 1.11, respectively. That is, Q, VHz(.\w) rises more initially than 

Qj SHz(.\w) but falls more rapidly towards its steady state value. In other words, 

during the transition, Dz I Dz is positive but declines monotonically towards zero. This 

result confirms that a temporary partial Schumpeterian dynamic equivalent to the static 

Rybczynski theorem holds and that factor-intensity reversal exists. 

This occurs because, despite the downward level effect in the South at time to, 

differences in HC levels imply that relative prices of versatile FGs are always higher in 

the South - see figure 4.13 below. Through the price channel, this induces relative 

demand for versatile-specific new designs, biasing R&D in that direction more than in 

other IT regime - autarky or TK diffusion without IT effects, as figure 4.14a exhibits. 

Although through different channels, the path of Dz suggest that bias of the 

progress in our framework is in line with findings by Acemoglu - e.g., Acemoglu 

(2002a). In fact, in the works of Acemoglu, TK progress is biased towards the TK used 

by skilled workers due to the dominance of the market size channel over the price 

channel. Measuring the global progress as that which is embodied in IGs and in the HC, 

Remember that in the previous regime the South reached the steady state under the benchmark catching 
up specification (the one considered here) at the end of 56 years. 
268 The initial value for D\ is taken directly from table A3.1 and the initial value for DJ> results from: 
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we find that, due to the price channel - as a consequence of the IT of IGs - during 

transitional dynamics, it is biased towards VT, according to the path of D!
z. 

Figure 4.10. Transitional dynamics of D*z 

a) In the innovator country; Le., DJ b) In the imitator country; Le., DP 
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Figure 4.11 below points out that both QJVH and QjSH increase from their initial 

values (0.30 and 0.35, respectively) towards their steady state values (0.41 and 0.48, 

respectively). That is, initially the probabilities of successful imitation rise more than the 

probabilities of successful innovation. However, as the rung of quality left to be copied 

decreases - i.e., as QJVH and QjSH increase -, the cost of imitation increases, and so the 

probabilities of successful imitation fall more rapidly than the probabilities of successful 

innovation towards their new higher steady state values. Thus, both QJVH and QjS" 

increase at a decreasing rate. Therefore, Southern TK grows more quickly than in the 

North during the transitional dynamics, but slows down until the steady state is reached. 

We observe that, when confronted with the previous IT regime, the steady state 

values for both QJVH and QjSH are now smaller. This is because now the transition phase 

is common to both countries - remember that before the North remained in steady state -

and, due to the feedback effect between countries, TK in the North now increases more 

than in the previous IT regime. Consequently, it becomes more difficult for the South to 

catch up with the higher TK frontier in the North, although the South (as well as the 

North) now reaches higher levels of TK, as suggested by the higher growth rate. 

DJ = Q'SH
 VH^W) =VH"(^ D\ =™xl.24 = 1.06 

Qj SHP{.\w) SHP(.\W) °35 
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Figure 4.11 also presents the transitional dynamics of both gaps in HC at work, 

VH(. | w) and SH(. \ w). They increase - i.e., the gaps decrease - from the initial values 

0.30 and 0.35, respectively, but at a decreasing rate until they reach their steady state 

values 0.45 and 0.53, respectively. Thus, both types of HC at work grow at a higher rate 

in the South during the transition phase, but slow down until the respective steady states 

are reached - see additional comments to figure 4.6 at the end of subsection 4.6.2. In 

steady state, both gaps in HC at work are smaller than in the previous IT regime. 

Figure 4.11. Transitional dynamics of both human capitals and quality indexes gaps 

a) Versatile side; Le., QJ and VH(. | w) b) Specialised side; Le., QjSH and SH(. | w) 
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The behaviour of Qjm and m(.\w) indicates that from to until the steady state the 

South grows at a higher rate than the North, but the differential falls steadily towards the 

steady state. For the differential of growth, figure 4.11 suggests that initially the 

contribution of the increase in the HC at work is stronger and after that, the contribution 

of TK is greater. Finally, both countries grow at the same rate and both TK gaps and HC 

gaps remain constant. Thus, along the convergence path, the South narrows the gaps -

i.e., there is a change of inter-country gaps in favour of the South. This is consistent with 

the evidence, which suggests that countries close to the TK frontier - such as European 

countries - do not experience rapid growth but rather moderate and stable growth rates. 

If we compare the steady state growth rates, we would conclude that imitation has 

improved the growth rate in both countries. According to the baseline parameter values 

and initial conditions, it is equal to 3%. This is because we assume that improvement in 

the imitation activity due to the index of openness is stronger and the differential in the 

MCs of production between countries is greater. Note that in the previous chapter, 
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international TK diffusion already improves the growth rate in the South, which becomes 

equal to that which exists in the autarkic Northern innovator country; i.e., equal to 2%. 

Therefore, in our baseline case, the expression in equation (4.53b) is positive. 

As we have said previously, despite the level effect in the South at to, differences in 

levels of HC at work - e.g., equation (4.25) - imply that both threshold FG and relative 

prices of versatile FGs are always smaller in the North - see figures 4.12 and 4.13, table 

A3.8 in Appendix 3 and also equation (4.26). As expected from the path of D2
Z in figure 

4.10, figures 4.12 and 4.13 also display a drop in the levels of N and relative prices. This 

drop holds then because the to (under IT of IGs) North-South average relative price of 

versatile FGs is higher than in the North alone. Through the price channel, it induces 

relative demand for new versatile-specific designs, biasing R&D innovation in that 

direction more than in the case without IT - see figure 4.14a below - , which, in turn, 

diminishes the perfectly competitive domestic relative prices of VH FGs. 

Figure 4.12. Transitional dynamics of the threshold final good, Nz 

a) In the innovator country; Le., Ni b) In the imitator country; Le., NP 
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More specifically, because of TK leadership, the relative price that operates the 

price channel is always the one commanding the direction of Northern TK. In the 

autarkic North, this relative price is (p™ Ips
t
H )Autarky ', i-e-, the relative price of VH FGs, 

which are feeding the demand for V7/-specific IGs. With the IT of IGs, even though FGs 

are non-tradable, their prices in both countries are commanding the direction of Northern 

TK, because of tradability of the IGs necessary to produce FGs in both countries. Due to 

differences in initial levels - e.g., equation (4.25) -, the North-South average relative 

price of VH FGs is always higher than the one prevailing in the autarkic North. 
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SH Figure 4.13. Transitional dynamics of the relative price of VH final goods, pv" /pf,1 

a) In the innovator country; Le., p™ /pfH b) In the imitator country; Le., ppH /ppH 
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Thus, through the price channel, IT bias available TK in favour of V77-specific IGs, 

as figure 4.14a shows - comparing the autarkic North bias with the bias in the available 

world TK. This, in turn, stimulates Northern relative demand for the complementary 

input, VH, more than under the autarkic North. In particular, figure 4.14a reveals the 

relative productivity of versatile TK in the baseline case, and it shows that scenario A 

described in subsection 4.6.2 holds. Our baseline assumption that countries are not very 

different in relative terms - i.e., VH,(.\ w)/SH,(.\ w)xSHp(.\ w)/VHP(.\ w) =0.86 is close 

to one - contributed to this result. Hence, the magnitude of the level effect influences the 

resulting scenario, since it affects the North-South average relative price of VH FGs. 

In summary, in terms of the case without international TK diffusion, the bias 

decreases the steady state threshold FG and relative price of the VH FGs in both 

countries. Thus, from t0 until the steady state a growing share of FGs are produced with 

VT in both countries, which is different from the HOS model where factor-intensity 

reversal does not exist. Our framework allows us to thus analyse the path of the bias of 

TK change, and the idea is that the economic forces (profit incentives) that affect the 

amount of TK progress also shape its direction and, therefore, determine the TK bias. 

Thus, measuring progress only by means of TK - i.e., in a restrictive way in our 

opinion - , we have that, due to the price channel - as a consequence of IT of IGs - , it is 

relatively more endogenously biased towards VT than without IT. In the works of 

Acemoglu - e.g., Acemoglu (2002a) -, the same measure of progress is biased towards 

the skill technology owing to the market size channel. Hence, in relative terms, the IT of 
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IGs in our framework biases the TK progress in the same direction as in the works of 

Acemoglu. This view helps us to understand the wage inequality discussion below. 

Figure 4.14b shows the path of E2(t\m), where E2(t0) = 0.2 and E2(ts/W) = 0.007. 

Figure 4.14. Transitional dynamics of versatile-specialised technological bias and E2 (t) 

a)Offa(e/ /fi/ ) b) Of =2(t \m) in equation (4.15b) 
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Figure 4.15a shows the path of intra-country wage inequality. In the North, the 

stimulus for the demand of VH attenuates the path of declining inequality, relative to that 

which would have prevailed under autarky. In this latter case the price channel operated 

strongly in support of the relatively scarce HC, SH. In autarkic South, relative scarcity 

causes increasing inequality, which is reinforced by the level effect - immediately 

increasing availability of state-of-the-art VH-biased IGs (see figures 4.4-4.5 in subsection 

4.6.2, where the versatile premium increases at to and, as a result, free IT of IGs widens 

the versatile premium gap between countries). However, the strong reversal of the price 

channel effect - apparent in figure 4.3 in subsection 4.6.2, comparing the autarkic bias in 

the South with the bias in the available world TK - redirects the path of the relative wage 

premium in favour of declining inequality, following the same slope as the North.2 9 

Thus, in our baseline case, the versatile premiums decrease, but not so much as 

without IT effects - see figure 4.15a below. The level effect that occurs in the South is 

reverted and the path of wage inequality - in a specialised direction - is more moderate 

than without IT effects in the North. This confirms our previous statement that a 

Schumpeterian dynamic equivalent to the static Stolper-Samuelson result holds. Besides, 

our baseline case seems to be in line with some recent empirical works which find that in 

269 As equation (4.55) shows, the common slope of the inequality path is determined, in steady state, by the 
negative growth of the versatile-specialised TK bias, which is depicted in figure 4.14a. 
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Southern countries the premium for skilled labour - more closely related with our VH -

relative to unskilled labour - more connected with our SH - first widens (level effect, as 

a result of openness to IT and other IT policies) and then narrows - e.g., Kim and Topel 

(1992) and Kwark and Rhee (1993). Furthermore, also in line with our results - e.g., 

figures 4.4, 4.5, 4.15a - , Elias (1992) indicates that the skill premia in seven Latin 

American countries were much larger than they were in U.S. at the same time. 

As for inter-country inequality, the relative level of wages jumps at to in favour of 

the South, due to the rise in productivity brought about by newly available state-of-the-

art IGs. However, from then on, inequality remains constant (maintenance of the wage 

differential between countries), because the path of productivity becomes common to 

both countries. This is shown in figure 4.15b, where, in addition, the jump is more 

accentuated for w™ /wv
P

H , in coherence with the intra-South unbalanced gains from the 

level effect. In spite of Southern gains, though, international immobility of HC, and 

differences in domestic institutions (that we assume more productive in the North), in 

MCs and in threshold FGs sustain wage inequality in favour of the North. We cannot 

compare the wage differences shown in figure 4.15b with the equivalent result in the last 

IT regime since now the MCs are, by assumption, different between countries 270 

Figure 4.15. Transitional dynamics of wages 

a) Versatile premium; Le., ln{w™I w^1) b) Differences between countries, Wp/w™ 
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We verify that both DIP and DZ are increasing - see figures 4.16a, b, respectively 

- , but at a decreasing rate until the steady state is reached. At first sight, the dynamics of 

DIP suggest that, during the transition, welfare in the North increases relative to welfare 
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in the South. However, from this variable we can only state that during the transitional 

dynamics consumption per 'large amount of TK' increases in the North. Indeed, starting 

from DIP we can find the ratio between consumption in both countries; i.e., 

^ r r i Cj(.\m) „ . , , Cp(.\m) m(.\w) 
DIP = / v ' ' m{. w)<=> p ' = — . (4.89) 

Cp(.|m) Cj(.\m) DIP K } 

Now, computing the ratio between consumption in both countries - since we know 

the dynamics of m(. | w) and DIP - , there is no relevant alteration in the consumption 

relative of the countries during the transition phase - see table A3.8 in Appendix 3.271 

That is, both countries benefit from enhancements in the TK frontier, which are greater 

than in the last IT regime since the rate of successful innovation increases due to the 

stimulus generated by imitation, and vice-versa - Northern IG firms try to keep ahead of 

Southern IG firms and Southern IG firms try to explore the opportunities provided by 

backwardness, and this behaviour increases both innovation and imitation rates. In short, 

none of the countries benefit at a welfare level, and so this suggests that international 

IPRs protection does not make sense, as we will see in the next section. 

At first sight, the path of DZ suggests that in relative terms the workers that 

accumulate SH in each economy are the ones that benefit at the welfare level. However, 

in rigour, we need to calculate the ratio between the consumption of each m-type for both 

countries. Thus, from the definition of DZ, we have that: 

n„ Cz (. I SH) , C7 (. I SH) DZ 
D Z =_zvj ^iy<=>_zvj '- = -—. (4 .90) 

CZ(.\VH) CZ(.\VH) Dz 

Computing the ratio in equation (4.90), there is no relevant change in the relative 

consumption between types of workers, in both countries - see table A3.8. This suggests 

that the share of resources spent on versatile and specialised R&D remains constant and 

so none of the types of workers benefit at the welfare level during the transition phase. 

We conclude the section by numerically computing certain measures of TFP given 

in subsection 4.7.2 at time to and in steady state, tno- The results in table A3.8 and are in 

line with our comments about TFP differences between countries. Thus, the FGs TFP 

and PTFP are both larger in the North. The difference is, however, smaller in steady 

270 To have an idea, if we calculate the FGs price index considering equal MCs, the difference will now be 
smaller w

v" I wv" = 0.49 and Wp
H I wf = 0.46 ■ 

71 The same conclusion results from the path of the interest rate in both countries. In fact, during the 
transition dynamics, rP is only very slightly greater than r/ and so there is no relevant alteration in the 
consumption relative between countries - and in the steady state rP - rt. 
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state, as a result of advantage being taken of the opportunities provided by the imitation 

activity. At the level of the FGs PTFP, the difference increases slightly with n. The 

difference at the aggregate level is expected, bearing in mind the FGs TFP. 

Furthermore, in comparison to the last TC regime, now the Southern FGs PTFPs are 

closer to their Northern values. This is due to international free access to state-of-the-art 

IGs. However, contrarily to that which could be expect at first sight, the TFP difference 

between countries in both the FGs TFP and the measure of aggregate level calculated are 

now greater. This is because the negative impact of the differences in MCs between 

countries overbalances the positive effect provided by free access to state-of-the-art IGs. 

Figure 4.16. Transitional dynamics of DIP and DZ 
a) Of InDIP b) Of InDZ 
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4.9. Sensitivity analysis 
We will now conduct the sensitivity analysis of the steady state and the dynamics 

in order to test the robustness of our results to shocks in the parameters. Numerical 

simulations show that the model's qualitative behaviour is similar when the value of each 

parameter at a time changes relative to its baseline value. Thus, the stability of the model 

is preserved, and slight differences are mirrored in the steady state value of the variables. 

So as to comment the results summarised in table A3.9 in Appendix 3 (subsection 

A3.2.2), first we analyse the implications of changes in the parameters specific to the FT 

of IGs - i.e., in the openness index, IT, international IPRs protection, i/>, small marginal 

cost of production in the South, MCp, and in parameters of the term of convergence 

S2(0» Pi a nd p2- Afterwards, we discuss the effects of the other parameters and, 

finally, we verify the consequences of changes in the initial values of the variables. 
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A greater interaction between countries - i.e., greater IT - generates both a small 

TK gap and a higher world growth rate, demonstrating dynamic benefits for the South of 

increases in IT with the North. Therefore, IT must be greater in order to improve the 

world growth rate in relation to the last IT regime. As the consumption relative between 

countries - equation (4.89) - remains constant, the welfare relative never changes - i.e., 

changes in the interaction between countries do not affect the welfare relative. Thus, as 

freer IT of IGs improves the world growth rate, it benefits both countries. In particular, it 

benefits VH since, due to the increase in the relative price of versatile FGs, it stimulates 

relative demand for the complementary input, VH, and so the versatile premium rises. 

Since international IPRs protection would be justified in the presence of welfare 

loss in the North, this does not make sense in our framework. In fact, analysing the 

consequences of the drop in parameter (3/> - which is equivalent to the increase of 

international IPRs protection - , we verify that international IPRs protection increases the 

TK gap - i.e., more resources are spent in R&D and in production of IGs in the North -

and (slightly) the TFP differences between countries - inter-country wage inequality in 

favour of the North occurs - and decreases the world growth rate. In short, it harms both 

countries and, in particular, the VH since the versatile premium decreases. 

As stated in subsection 4.6.1, we observe numerically that a small MCp generates a 

greater world growth rate. This is because it represents a higher mark-up for monopolist 

producers in the South, which provides an incentive to imitation activity and, due to the 

feedback effect, also to the innovation activity. In this case, the impact of imitation on 

innovation is so strong that the TK gap between countries widens, as well as the HC gap, 

although not as markedly.272 Thus, the TFP differences between countries increase. 

An increase in parameters p1 and p2 of the term 32(f) gives rise to a small world 

growth rate and a wider TK gap. A higher p1 and/or p2 implies that E2(f) is small, 

which means that the losses for the South as a result of successful innovations are greater 

at each time until the steady state. This increases the TK gap and reduces the positive 

impact of imitation to innovation, which must be responsible for the decrease relative in 

the HC at work in the North. Moreover, a higher p2 increases the speed of convergence. 

Due to the role of competitive monopoly profits, an increase in one of the 

exogenous variables Aj and Ap generates a higher world growth rate, slightly accelerates 

72 Remember that now the path of wages, which affects the path of HC due to the TK progress, is the same 
in both countries - it depends on Northern TK progress. 
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the speed of convergence and narrows the TK gap between countries. This confirms that 

IT of IGs emphasises the importance of improvements in domestic institutions, since 

they turn out to matter not only at home but also abroad. However, numerical simulations 

suggest that improvements in Aj - more closely related with innovation activity - have a 

greater impact on the world growth rate. Moreover, while an improvement in Aj requires 

relatively more HC at work in the North and, thereby, widens the gap in HC at work, an 

improvement in AP requires relatively more HC at work in the South and so narrows the 

gap in HC at work. As the paths of Qjm and m(.\w) follow the same direction after an 

improvement in Ap, the versatile premium increases in both countries. The direct impact 

of A] and Ap on the exogenous productivity of the respective country implies that the TFP 

differences increase when A/ also increases and decrease when Ap also increases. 

An increase in each one of parameters a, 0 and p decreases the world growth rate -

see also table 4.2. In particular, a higher a reduces the speed of convergence and the 

versatile premium and is a disincentive to R&D activities since it increases the discount 

rate of profits of IG producers, which decreases the world growth rate. Moreover, the 

disincentive in innovation is greater than in imitation since the TK gap decreases. A 

relatively small decrease in imitation implies that relatively more Southern HC at work is 

necessary, which also decreases the gap in HC at work. The reduction in the gaps 

between countries does not compensate the negative influence of a higher a in the TFP 

differences equation. The most relevant effect of an increase in 9 is in the decrease of the 

world growth rate. In addition, an increase in p also increases the versatile premium. 

Except for the effect on the world growth rate, changes in parameters vh and sh 

have opposite effects. Taking as an example an increase in vh, it decreases the speed of 

convergence and has a direct positive effect on the versatile premium in line with 

subsection 4.7.3. Besides, it increases the TK gap and the gap in HC at work and the TFP 

differences between countries, as well as the world growth rate. Indeed, it increases 

profits and so R&D activities, which improves the world growth rate. Since it represents 

an increase in the absolute productivity advantage of VH over SH - i.e., in the HC which 

is always relatively more abundant in the North -, it accelerates the innovation activity 

more than it does imitation, which widens the TK gap. Stronger productive activity in the 

North needs relatively more HC at work and so the gap in HC at work broadens. The 

increase in TFP differences results from the behaviour of TK and HC at work. 
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Generically, an increase in parameters PE and O; of the catching up term improves 

directly the probability of successful imitation and, due to the feedback effect, also the 

equilibrium probability of successful innovation. Consequently, the world growth rate 

increases. An increase in o2 also improves the imitation capacity, affecting positively the 

probability of successful innovation and so the world growth rate. However, contrarily to 

the improvement in <jh the increase in o2 has a stronger effect on innovation than on 

imitation, which implies that the TK gap increases. The main finding about changes in d 

is the greater the value of d the smaller the world growth rate. The intuition for this result 

is that the greater the value of d, the higher the cost of imitation - and so of innovation - , 

and the smaller the potential of TK imitation - and innovation - and growth. 

As to the HC production parameters, the increase in Ô makes HC more intensively 

obsolete and so reduces the world growth rate. A higher (pm - i.e., the more intensive the 

use in the production of VH and SH of the more productive mode of HC production, 

which is schooling - the higher the world growth rate. It increases in relative terms the 

VH in each country and specialised TK and so reduces the versatile premium. The effects 

of the increase in the substitutability of the modes of HC production - i.e., in cj) - are 

similar to the increase in cp™. In fact, the higher Q, the higher the use of the more 

productive one will be, and, thus, once more, the higher the world growth rate and the 

smaller the versatile premium. Improvements in productivity in the HC sector through %$ 

and %T increase its accumulation, which, in turn, increases gr. A higher %s increases in 

relative terms VH and decreases the versatile premium, whereas a higher %T increases in 

relative terms SH and so the versatile premium. 

In particular, a more intensive use of the more productive mode - either from 

increases in (pm, %$, or ty - increases the relative advantage in accumulating VH, which is 

the type of HC that uses more intensively the more productive mode. The rise in the 

relative supply of VH lowers its relative wage, thereby increasing its use in FGs 

production and lowering the relative price of versatile FGs. As the relative price of 

specialised FGs rises with the more intensive use of schooling, TK is directed towards 

S/f-specific IGs. Since the South is relatively abundant in SH, it benefits relatively more 

in terms of productivity, and thus wages, which induces the reduction in the HC gaps. 

Hence, scenario B in section 4.6.2 about intra-country wage inequality is more 

likely to prevail when changes in production of HC relatively enhance the world 

accumulation of the type of HC that is relatively abundant in the South, SH. That is, 
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when (p"\ %s> or § decreases or when Xr increases. Indeed, improvements in the 

production of SH enhance its accumulation, thereby increasing its relative supply and 

lowering its relative wage, which, in turn, incentives its use in FGs production and 

lowers the relative price of specialized FGs. In this case, the North-South average relative 

price of versatile FGs is greater than in the baseline case, which, in turn, is greater than 

the one prevailing in the autarkic North. This accentuates the TK bias in favor of 

versatile-specific IGs. With sufficiently contrasting parameter values, scenario B reverts 

both the autarkic and baseline paths of available TK bias. 

In short, in scenario B, enhanced accumulation of SH decreases the relative price of 

specialized FGs, which, in turn, strongly re-directs R&D towards designs for versatile-

specific IGs. Once relative prices of FGs attain their constant steady state levels, the only 

source of intra-country wage inequality is the direction of TK - e.g., equation (4.55). Due 

to complementarity in the production of FGs, the steady state increasing bias in favor of 

versatile-specific IGs determines the steady state path of increasing VH premia. 

Now we analyse the effects of changes in the initial value of the constant variables 

in steady state. An initial small versatile TK gap increases R&D activities and so growth, 

but as the TK gap decreases it strongly affects imitation activity. Moreover, the TFP 

differences between countries increase due to the increase in the gap in HC at work. 

Opposite effects occur when the initial decrease occurs in the specialised TK gap. If the 

initial SH gap narrows, it improves imitation activity and, as a result of the feedback 

effect, also and strongly the innovation activity. Thus, the world growth rate increases as 

well as the TK gap. Strong induced innovation requires greater HC at work in the North, 

widening the gap between countries. Contrarily to the South, in the North the versatile 

premium decreases because in relative terms the VH increases. Opposite effects occur 

when the initial decrease is in the VH gap. Therefore, as already stated, the sensitivity 

analysis confirms clearly that the steady state depends on initial conditions. 

Common domestic government intervention increases the gaps, TFP differences 

between countries, inter-country wage inequality in favour of the North, as well as the 

versatile premium and the world growth rate.273 Thus, in particular, it generates a 

stronger effect in the innovation activity. 

In the last IT regime, Southern government intervention improves the world TK gap but does not affect 
the world steady state growth rate, whereas Northern government intervention increases the world steady 
state growth rate and must increase the world TK gap. Now, due to the feedback effect, even Southern 
government intervention improves the world steady state growth rate. 
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In summary, we can state that: (i) table A3.9 confirms numerically the information 

presented in table 4.2; (ii) international IPRs protection moderates positive effects of IT; 

(iii) greater speed of convergence is obtained with better world institutions; i.e., with 

higher As, smaller a, smaller vh and greater p2 ; (iv) a smaller TK gap is reached under a 

higher a and a higher initial specialised TK gap, as well as under a small initial versatile 

TK gap; (v) higher d, o2 and VH(.\w), and smaller QJVH and SH(.\w) decrease the gap 

in HC at work; (vi) the versatile premium is greater when a, cpra, %s and (j) are small and 

when %T is great and domestic policy is implemented; (vii) TFP differences decrease 

with smaller A/, QJVH and SH(. | w), and with greater AP, QJS" and vk{. | w). 

4.10. Some elements of synthesis 
The aim of this chapter is to more clearly understand how the IT of IGs alone, 

which are traded without any trade costs, affects the structure and the dynamics of 

international TK transfer by imitation, thereby affecting the levels and growth rates of the 

countries, as well as prices and wages. In keeping with the tradition of growth and IT 

analyses, we are particularly able to study results in factor prices. These results may shed 

some light on issues that have been raised and discussed in the context of globalisation 

debates, as is the case of effects of IT (of IGs) on inter and intra-country wage inequality. 

The North is the innovator that improves the quality of IGs and it is in the autarkic 

steady state when IT of IGs starts. It never has an incentive to imitate, since there is 

never better foreign TK to imitate. The South has a MC of production advantage and, if 

the TK gap between countries is smaller than the threshold gap, it is an imitator. Due to 

lower-priced imitation, Southern IG firms can produce and export state-of-the-art IGs. 

Moreover, as the South can import higher quality IGs from the North for use in its FGs 

production, it is no longer limited by its own ability. Thus, the South imports state-of-

the-art IGs that have not yet been imitated, and export state-of-the-art IGs that it has 

imitated by under-pricing innovator leader firms. Hence, the TK transfers from North to 

South take place either through the Southern production of state-of-the-art IGs after 

successful imitation or through the importation of Northern higher quality IGs. 

In short, since Southern TK is not equalised with the North, because, at each point 

in time, not all innovations have been imitated yet, there is a distinction between 

Southern TK and (Northern) available TK in the South. Moreover, the framework is now 
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a North-South IT model where the location of IGs firms can change over time. Each new 

quality is initially produced in the North but then, when imitation occurs, production 

shifts to the South - i.e., countries switch to incorporating imitated IGs in their FGs 

production whenever they are available and, thereby, an IGs-cycle IT model results. 

The IT of IGs is always balanced and international capital flows do not occur. As a 

result, the countries' interest rate is determined domestically. International mobility of 

HC is not possible as well. The IT pattern reflects the North-South differences in TK in 

line with the Ricardian model, but under endogenous TK progress, which makes the CA 

(in IGs) dynamic. That is, different R&D capacities, which, in final analysis, slide from 

different exogenous levels of productivity and HC stocks, cause differences in TK. As 

the CA also depends on the HC levels, which, in turn, rely on endogenous HC 

accumulation, a dynamic version of the HOS model is also considered. 

When the IT of IGs begins there is an immediate level jump in Southern output 

(level effect), due to the available state-of-the-art IGs. This favour HC employed in the 

South by improving its productivity and induces some convergence in prices and in the 

pattern of the FGs productive structure between countries. As a result, inter-country wage 

inequality falls and Southern HC accumulation is immediately stimulated by higher 

wages. However, Southern convergence is not complete due to the maintenance of the 

gap in non-IT related exogenous productivity in FGs production function and due to the 

international immobility of factors. 

As a result of the level effect, the intra-South wage inequality changes as well. 

According to our assumption that initially the versatile-specific TK gap is relatively 

wider and the North is relatively VH abundant, the Southern versatile premium increases. 

In fact, free IT of IGs widens immediately the versatile premium gap in favour of the 

South. This is different from the IT theory which suggests that IT between the South and 

the North reduce the wage premium for skilled labour in the former. However, our result 

seems to be is in line with empirical evidence. For example, countries that joined the 

European Union late - Ireland, Greece, Portugal and Spain - experienced significant 

increases in school enrolments rates thereafter - e.g., World Development Report (1991, 

table 29) -, which, in turn, reflects the higher wages of the school intensive HC. 

From this time on, (i) inter-country inequality remains constant, because the path 

of productivity becomes common to both countries and (ii) the growth rate are driven by 

domestic HC accumulation and Northern TK progress. Although TK in the North is in 
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the lead, it is influenced by the South in two ways. Due to complementarity, demand for 

IGs also depends on the Southern HC structure and due to the feedback effect reflected 

in, for example, international limit pricing, incentives to innovation depend on imitation. 

The IG leader firms, which produce with the latest patent in each IG, are now able 

to sell to a larger market. However, the difficulty in conducting R&D (innovation or 

imitation) increases because of higher scale costs. As we aim at understanding the ways 

in which the IT of IGs affects TK transfers in contexts where market size effects are not 

crucial, we assume that the two effects counterbalance each other. In addition, Northern 

IGs leader firms are concerned with the joint probability of losing their markets either 

due to the next innovation in the North or due to a lower-priced imitation in the South. 

The ability of the South to benefit from innovations taking place in the North 

increases if the positive effect of openness to the IT of IGs and other trade policies is 

strong. In addition, this generates a more efficient allocation of production in the world, 

since it becomes located in the South where MC of production is lower. This, together 

with the initial level effect induced by the IT of IGs, feeds back into the North, affecting 

its TK through creative destruction and, thus, the growth rates - i.e., via imitation, the IT 

of IGs generates a positive effect on innovation. Indeed, Northern leader IGs firms 

remain less time in the market and the time between successful innovations is also 

smaller, increasing TK progress and, thus, growth. A virtuous cycle is then created since 

Southern IGs firms are driven out of the market by a new successful innovation. 

A trade-off involving the South-North TK gap occurs. The Southern firms must 

support R&D imitative activity of all quality levels between their current domestic level 

and the Northern state-of-the-art IG that they are targeting before they earn profits. Thus, 

the total resources required to bring about successful imitation are potentially greater 

than before. Though, a wide TK gap favours the probability of successful imitation since 

the backwardness benefits are higher - provided that the TK threshold d is overcome. 

The IT of IGs can account for the accelerating TK change and so for higher wages, 

but also for increased intra-country wage inequality, by raising (reducing) the versatile 

(specialised) premium. In fact, openness to the IT of IGs induces more versatile-biased 

TK change than before, by increasing the incentives to develop new technologies that are 

complementary to VH. Moreover, remember, when IT starts increased wage inequality 

also takes place and with greater intensity due to the level effect in the South. 
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Hence, IT of IGs affects both HC returns and intra-country wage inequality. The 

former by induced growth effects in both countries and also by the level effect in the 

South. The latter, by the direction of the TK progress as a result of differences in prices 

(price channel) between countries and also by the level effect in the South. We must 

point out that by removing the scale effects, we are focusing on the price channel. That 

is, incentives to improve specific IGs are stronger when the prices of FGs produced with 

these IGs are higher. Thus, under IT of IGs, even though FGs are non-tradable, their 

prices in both countries are commanding the direction of Northern TK, due to tradability 

of IGs necessary to produce FGs in both countries. Since, even after the level effect, the 

North-South average relative price of versatile FGs is higher than the one in autarkic 

North, IT of IGs bias TK in favour of versatile-specific IGs when compared with autarkic 

North. This, in turn, stimulates relative demand for the complementary input, VH. 

When considering specifically the path of intra-country wage inequality, it depends 

in particular on the degree of the level effect and on the HC production function. If the 

level effect is strong, which occurs when countries are very different in factor levels 

when IT of IGs starts, the versatile TK bias is increasing and then the versatile premium 

is raising. The same occurs if the relative accumulation of SH is strong, which, in turn, 

arise when, in relative terms, the intensity and the productivity of schooling is low, the 

productivity of OJT is high and the degree of substitutability between schooling and OJT 

is low. In short, under both cases - strong level effect and strong SH accumulation - the 

North-South average relative price of versatile FGs is significantly higher, which, in turn, 

implies that the Northern relative productivity of versatile TK is increasing - i.e., that 

R&D is directed towards versatile-specific IGs. Hence, the versatile premium increases. 

Our case is thus different from the literature on skill-biased technological change. 

In this literature, the bias that causes wage inequality is mainly induced through the 

market size channel. In our case, changes in inter and intra-country wage inequality 

results similarly from TK bias, but are, instead, induced through the price channel under 

IT. In particular, intra-country wage inequality is more likely to prevail under IT, when 

changes in production of HC relatively enhance the world accumulation of the type of 

HC that is relatively abundant in the South, as stated above. Moreover, we can state that 

in the North the versatile premium always increases more under the IT of IGs than under 

autarky. In the South, there is a level jump in the versatile premium when IT of IGs 

starts, but the path can change or can be more moderate than under autarky. 
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Summarising the main steady state results, we observe that the Northern TK 

progress and the domestic HC accumulation determines the endogenous constant world 

growth rate. Although TK in the North commands, it is influenced by the South, as 

already stated. We find that when (i) the impact of openness on the probability of 

successful imitation is strong, (ii) the MC in the South is low, (iii) international IPRs 

protection is weak, and (iv) there is no change in the ad-valorem subsidy rate of IGs 

production (common to the North and South) between different IT regimes and, in 

addition, it is higher, then the world (common to both countries) steady state growth is 

higher under IT of IGs than in the autarkic North. 

The levels of output, however, remain different between countries due to the 

maintenance of North-South gaps in exogenous levels of productivity and in levels of HC 

at work. The steady state TK gaps remain constant as well. In particular, IT emphasises 

the importance of improvements in domestic institutions, because they turn out to matter 

not only at home but also abroad. We also observe that there is a change in the 

productive structure and a corresponding drop in the relative price of versatile FGs. 

These effects operate through the price channel, not through the market size channel that 

has been removed. In particular, the change in productive structure in the versatile 

direction - i.e., the use of VT increases temporarily - indicates that a temporary partial 

Schumpeterian dynamic equivalent to the static Rybczynski theorem occurs. 

TK and relative wages have steady state dynamics, and the TK bias and intra-

country wage inequality paths are smoothed by IT of IGs. In fact, the effect of the price 

channel on the R&D activity generates a Schumpeterian dynamic equivalent to the static 

Stolper-Samuelson theorem. Once again, there is also a dynamic Schumpeterian factor-

price equalisation result - the growth rates of wages converge between countries. The 

degree of wage inequality between countries (inter-country wage inequality) decreases, 

but wage levels do not converge completely due to differences in exogenous levels of 

productivity (non-IT related) and due to the international immobility of HC. 

Concerning government intervention, we find that the increase in subsidies to IGs 

production and R&D lead to a permanent increase in the world growth rate and a higher 

versatile premium, but do not affect inter-country wage inequality. 

We also explore some extensions of the model. First, we analyse both the cross-

FGs and the aggregate TFP differences between countries in steady state. We find that 

they are greater in the North, but to a lesser extent than without IT effects. 
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Next, we analyse the effects resulting from the use of the new GPT. Now the South 

is no longer limited by its own ability to produce the best quality IGs, and so the different 

phases begin at the same time in both countries. If the new GPT is used in production of 

all FGs at the same time, there is an initial growth effect, which is increased in the next 

phase, when there is also a level effect. If, at first, the new GPT is used in the production 

of versatile FGs, there are three distinct phases. In the first, a small growth effect occurs. 

In the next phases, there are both level and growth effects. In addition, the versatile 

premium increases in the second, but falls in the third and the opposite occurs for the 

threshold FG. An increase in the versatile-augmenting parameter in the production 

function induces the same type of effects as the use of the new GPT only in VT. 

Outside the steady state, the TK gap between countries changes and transitional 

dynamics occur. These transition paths are dependent on the relative TK levels and on 

the relative levels of HC employed and, thus, on prices in both countries. During the 

transition to the steady state, the difference in prices between countries affects the 

versatile-specialised TK bias world measure, HC accumulation and intertemporal trade

off between work and accumulation of HC and, consequently, the versatile premia. 

Therefore, to analyse the stability of and convergence to the world steady state, 

countries must be considered together. The system of differential equations is again the 

result of equilibrium in labour markets, individual utility maximisation with individual 

optimal time allocation and free entry conditions into R&D - innovation and imitation. 

Considering the benchmark catching up specification, we solve numerically the system 

using the fourth-order Runge-Kutta classical numerical method. 

The adjustment process is globally stable since the time path of the system 

converges to the steady state, which is reached at the end of 110 years, and remains there 

without any exogenous change. The interdependence between countries decreases the 

speed of convergence, since in the previous chapter the South reached the steady state at 

the end of 56 years. Bearing in mind the long time necessary to reach the steady state, the 

transitional dynamic is important and should not be neglected. Moreover, transitional 

dynamic clarifies the working of the model and so the related mechanisms described. 

Thus, it becomes clear that, despite the level effect in the South, differences in the 

levels of HC implies that relative prices of versatile FGs are always higher in the South. 

This increases relative demand for new versatile-specific designs through the price 

channel, biasing innovation activity in that direction more than in the previous chapter. 
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During the transitional phase, TK and the HC at work in the South grow more quickly 

than in the North, but slow down until the steady state. That is, the South grows at a 

higher rate than the North, but the differential falls steadily towards the steady state. 

While total convergence in available TK is instantaneous with the IT of IGs (level 

effect), we confirm numerically that domestic levels do not converge completely. That is, 

the potential provided by Southern backwardness together with its imitation capacity is 

insufficient in providing absolute TK convergence. IT of IGs affects HC accumulation, 

changing gaps in favour of the South. Indeed, Southern HC accumulation is immediately 

stimulated by higher wages (level effect), and from then on continuously adjusts the 

levels to their higher steady states. When confronted with the permanent widen in wages 

brought about by the IT of IGs, Southern individuals adjust the path of time allocation, 

devoting less time to work. In other words, the South-North ratio of time spent at work 

falls when the IT of IGs starts. Then it adjusts smoothly back to its steady state level 

around one. The path of the ratios of HC at work reflects this dynamic adjustment. 

Under the baseline parameter values (i) the IT of IGs with imitation improves the 

world growth rate; (ii) no alteration in the consumption relative of the countries occurs; 

(iii) regardless of the country, a winner type of workers at the welfare level does not 

occur; and (iv) the TFP difference between countries decreases until the steady state. As 

the world growth rate increases and the welfare relative between countries remains 

constant, countries unambiguously gain from TK diffusion under the IT of IGs. 

Moreover, we find that (vi) the bias toward VT (temporary partial Schumpeterian 

dynamic equivalent to the static Rybczynski theorem) decreases the threshold FG and 

relative price of the versatile FGs in both countries - i.e., in contrast with the HOS 

model, 'factor-intensity reversal' exists; (vii) the versatile premium immediately rises in 

the South due to the level effect and, after that, it decreases in both countries, but not as 

much as in without IT effects. Thus, the level effect in the South is reverted and the path 

of wage inequality (in a specialised direction) is more moderate than in autarkic North -

a Schumpeterian dynamic equivalent to the static Stolper-Samuelson theorem occurs. 

Finally, we must stress that (viii) in fact the wage differential between countries remains. 

The chapter finishes with the sensitivity analysis. Since numerical simulations 

show that the model's qualitative behaviour is similar when the value of each parameter 

changes at a time relative to the respective baseline value, it is stable. 
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Numerical simulations confirm that greater interaction between countries - greater 

IT - generates a small TK gap, a higher world growth rate, and has no influence on the 

welfare relative between countries. Thus, freer IT of IGs benefits both countries and, 

especially, the VH since the versatile premium increases. Conversely, since international 

IPRs protection decreases the world growth rate and does not affect the welfare relative, 

it serves only to moderate the positive effects of the IT of IGs. They also confirm that a 

small MCp generates a greater world growth rate. A small MCp implies a higher mark-up 

for Southern monopolist producers which provide an incentive to imitation activity and, 

due to the feedback effect, also to the innovation activity. The impact of imitation on 

innovation is so strong that the TK gap between countries widens, as well as the HC gap 

- although to a lesser extent. As a result, the TFP differences between countries increase. 

Other results must be emphasised. Summarily, (i) the information in table 4.2 is 

confirmed; (ii) a greater speed of convergence is obtained with higher exogenous levels 

of productivity, a greater HC share in production, a smaller productivity advantage of VH 

over SH and a greater p2 ; (iii) a smaller TK gap is reached under a higher HC share in 

production and a wider initial specialised TK gap, as well as under a smaller pl, p 2 and 

an initial versatile TK gap; (iv) a smaller gap in HC at work is obtained under a higher d, 

ë2> QJSSOo) a n d VÏ/(i01 w), and a smaller initial QjV"(t0) and SH(t0\w). 

At the wage inequality level, we find that (i) the versatile premium is markedly 

greater when a, <pVH, %s and § are small and when %T is great and domestic policy is 

implemented; (ii) inter-country wage inequality in favour of the South decrease with 

smaller A/, QjV"(t0) and SH(t0\w), and with greater AP, d, ã2, QjS"(t0) and VH(t0\w). 

The theoretical framework developed can also be extended to explore the effects of 

several other dimensions of IT, which represent steps for further research. Thus, the 

consideration of (i) different domestic policies - in the North and South; (ii) IT costs; 

(iii) North and/or South import tariffs and quotas as well as export tax, subsidy and 

voluntary export restraint - and other IT policies; (iv) the establishment of Northern 

multinationals in the South; (v) HC mobility from South to North, can be readily 

incorporated into the model, and their effects on TK progress, growth and wage 

inequality can be examined; and (vi) a formal welfare analysis when IT of IGs is free 

could be introduced in order to analyse the optimal policies that can be used to provide 

policy recommendations for managing North-South international connections. 
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CHAPTER 5 

EXTENSION TO INTERNATIONAL TRADE 
OF ALL GOODS 

5.1. Overview 
The distinction between the effects of IT of IGs and of IT of FGs is essential, since 

we want to underline the dynamic growth effects of IT operating through IGs - where 

R&D is directly applied - , while the effects of IT of FGs are limited to the somewhat 

more traditional (in IT theory) static level effects. Moreover, the IT of IGs is insufficient 

for poorer (Southern stagnant) countries to engage in IT with gains. Thus, now we add 

the IT of all goods - IGs and FGs - in order to analyse the pattern of FGs specialisation 

of both countries and to check which kind of interest poorer countries have in rr . 

The pattern of FGs specialisation is determined by the relative productivity of each 

country in each good, which is highly influenced by the HC levels. As IT expands, the TT 

theories implied in our framework - dynamic versions of the Ricardian and the HOS 

models - gain weight and the interdependence between countries increases. However, as 

occurs with the CA in IGs, the CA in FGs is also dynamic and for the same reasons -

endogenous accumulation of TK and HC. The dynamic CA of countries at FGs level 

implies that the location of FGs production can also change over time. 

Now, even if the South is unable to imitate, it can participate in IT. Actually, it can 

immediately use (Northern) state-of-the-art IGs, since imports become feasible by the 

chance of exporting FGs. This allows the South to enjoy the static level benefit as well as 

a jump to a new higher steady state growth rate; i.e., immediate conditional convergence 

occurs. As Northern innovating firms need not worry about potential imitation, they 

behave as under no IT effects, except that greater expected profits due to increased 

market size lead to a greater rate of innovation. This, in turn, increases the world growth 

rate relative to the autarkic North. However, as the Southern TK stops growing, TK 

divergence between countries occurs. This case will only be explored as an extension. 

The analysis between the North and the Southern imitator stays the most attractive 

and will occupy the central concerns of the chapter. Thus, the basic assumptions under IT 
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of IGs remain valid here, although the new issue requires small changes in the production 

function of FGs. In particular, we assume again that the: (i) IT starts when the North is in 

its autarkic steady state; (ii) South has a MC of production advantage; (iii) TK gap 

between countries is smaller that the threshold gap; (iv) price of the composite FG in the 

North is the numeraire; and (v) North-South IT is always balanced so that there are no 

international capital flows and the domestic interest rate is determined internally. 

In what concerns the pattern of IT, it is expected that (i) the South produces, 

consumes and exports a certain number of both specialised and versatile FGs, and IGs 

imitated previously; and (ii) the North also produces, consumes and exports a certain 

number of both specialised and versatile FGs, and IGs that had not yet been imitated. 

Since both countries have access to the same TK, the number of FGs produced by 

each country will be particularly dependent on the respective levels of HC at work. 

Moreover, in line with the last chapter and basically for the same reasons, the HC 

employed in both countries and the TK in the North will again be crucial in determining 

the economic growth, the direction of R&D, prices and wage inequality paths. Indeed, 

the difference in relation to the last chapter is that now as a result of the FT of FGs, 

aggregate output, prices and wages in both countries are affected by the levels of HC at 

work in the other, not only because the North and South levels of HC at work affect the 

direction of TK progress via (North-South average) FGs price indexes, but also because 

the levels of HC at work of one country affect directly the FGs price indexes of the other. 

FT of FGs induces Southern firms to employ the available HC in the appropriate 

tasks and the TFP will be the same in each FG produced, regardless of the producer 

country. However, different levels of HC at work and distinct exogenous levels of 

productivity between countries will lead to a Southern specialisation in a lower number 

of FGs and a smaller aggregate TFP. Thus, the origin of distinct TFP will not be the 

inappropriate allocation of resources in FGs production nor the available TK, but the HC 

levels and the exogenous productivity. This may explain why some Southern countries, 

even though they have a relatively low HC and low aggregate TFP in comparison with 

the U.S., have relatively efficient industries - e.g., Acemoglu and Zilibotti (2001). 

The effects arising from the use of a new GPT and from a shock in the versatile-

augmenting parameter in the production function are expected to be similar to the results 

274 Indeed, this will be really true for the production of FGs close the comparative margins. 
275 In addition, we can now assume that the imitation activity is again improved due to the stronger effect 
induced by a greater openness to IT and other IT policies captured by the index IT in the catching up term. 
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obtained in chapter 4. In particular, since the new GPT is used at the same time in both 

countries, no changes are expected in the pattern of FGs specialisation. 

The chapter ends with the transitional dynamics and the sensitivity analysis, using 

once again the fourth-order Runge-Kutta classical numerical method for set baseline 

parameter values and set initial conditions. The first aim is to observe that both countries 

(world) converge towards the steady state. The analysis is very similar to that carried out 

in the previous IT regime. Indeed, due to IT, when one country is out of the world steady 

state so is the other, and the system of differential equations that describes the 

transitional dynamics will be obtained in a similar way. 

Relative to the last IT regime, the difference comes from FGs price indexes, which 

now reflect the pattern of FGs specialisation of the countries according to their CAs and 

thus the dynamic levels of HC at work. During this phase, a process of convergence 

characterised by the decrease in the TK gap and in the gap in HC at work between 

countries is expected. Thus, we point out that the number of specialised and versatile FGs 

produced by the South will increase, and the share will be greater when changes in 

parameters and initial value of the variables improve the Southern levels of HC at work. 

The remainder of the chapter proceeds as follows. Sections 5.2 and 5.3 depict the 

FGs and the IGs sectors, respectively. Section 5.4 describes the domestic equilibrium 

given the state of the world TK and the stock of HC, and explains the effect of FT of FGs 

in the R&D sector. Section 5.5 examines the steady state. Section 5.6 analyses the South-

North TFP differences and the consequences of FT between the North and the South 

which is unable to imitate. Section 5.7 examines the transition to and the stability of the 

steady state. Section 5.8 performs a sensitivity analysis. Section 5.9 finishes the chapter. 

5.2. Final goods sector 

At each time, both countries produce some versatile FGs and some specialised FGs 

since they have both types of HC, SH and VH, although in different proportions, and they 

have access to the same TK due to IT. However, now each FG is only produced by the 

country that enjoys the CA. We assume that the South has a CA in specialised FGs with 

smaller indexes, ne[0, NSH ] , and in versatile FGs with greater indexes, n e [NVH, 1 ] . 

The North has a CA in the other FGs, ne [NSH, NVH] - i.e., in FGs with intermediate 

indexes in the global range. These assumptions are made for analytical convenience and 

generate the pattern of FGs specialisation shown in figure 5.1 below: 
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Figure 5.1. Pattern of final goods specialisation 
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,th To get the pattern of FGs specialisation, the production function of the n FG at t 

undertaken by perfectly competitive firms is written in the next three interrelated ways: 
jSH 

YnZ(t\SH) = \ J jkUMsa) 

YnZ(t\VH) = \ \ 1k(j.t\vH) 

XnZ(k,j,t\SH,l)+ xnZ{k,j,t\SH,P) 

(N-n)shSHnP(t\w)A'p'a 

xnZ(k,j,t\vH,l) + xnZ(k,j,t\VH,P) 

l-a 

dj\ 

nshSHnI{t\w)A]' 

dj 

' (5.1a) 

(n-N)vhVHnP(t\w)A lia 
P + U-n)vhVHnI(t\w)A'/ 

' (5.1b) 

W = 
= A, 

JVH ( 
| 

qkU,<\vH) 

0 V 

JSH ( 
Í „k(jj\sH) 

0 L v 

-,1-a 
xnI(k,j,t\VH,I) + xnl(k,j,t\VH,P) 

xnI(k,j,t\SH,I) + xnI(k,j,t\SH,P) 

dj 

dj 

,SHS (n-Nò")vhVHnI(t\w) 

(NVH-n)shSHnI(t\w) 

(5.1c) 

Equations (5.1a, b) are written such that each FG is only produced by one country. 

The first expression within large brackets sums up the contribution of state-of-the-art IGs 

to production, while the second captures the role of the productivity parameter (non-IT 

related) and of the specific HC input of each country. A relative productivity advantage 

of (the HC of) either country in production is obtained by the adjustment terms. 

Figure 5.2 below gives us a first overview of the conduct of the adjustment terms. 

In equation (5.1a) they are (N-n) and n for ne[0,N] - figure 5.2a -, which means that, 

within the FGs produced with SH, the South is relatively more productive in producing 

specialised FGs indexed by smaller ns, and vice-versa. In equation (5.1b) they are (n-N) 

and (1-n) for ne [N,l] - figure 5.2b - , which implies that, within the FGs produced 

with VH, the South is relatively more productive in producing versatile FGs indexed by 
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larger ras, and vice-versa. Thus, the adjustment terms transform the FG index « in a 

relevant ordering index of the CA of the countries in FGs production. 

Equation (5.1c) is presented so that each FG produced by the North uses only one 

technology, VT or ST, as occurs for each FG produced by the South. The first and third 

expressions within square brackets sum up the contributions of the two types of state-of-

the-art IGs to production, while the second and fourth denote the role of the specific HC 

inputs. An absolute productivity advantage of VH over SH is accounted for by the joint 

parameters vh and sh, where vh>sh> 1. A relative productivity advantage of either type 

of HC is obtained by the adjustment terms (NVH-n) and (n-NSH) for ne [NSH,NVH] -

figure 5.2c -, which also transform the FGs index n in a relevant ordering index: this 

means that within the FGs produced by the North, VH is relatively more productive in 

producing FGs indexed by larger ns, and vice-versa. 

Using the three equations above, we can find the threshold FGs NSH, N and N™. As 

depicted by figure 5.1, they tell us that the North (South) is relatively more productive in 

specialised FGs with high (low) indexes, whereas the South (North) is relatively more 

productive in versatile FGs with high (low) indexes. In the North, the VT (ST) is 

relatively more productive in FGs with high (low) indexes. Given that the three threshold 

FGs depend on dynamic TK and on dynamic levels of HC at work, the pattern of the rT 

of FGs is explained by dynamic versions of the Ricardian model and the HOS model. 

S 

OJ g 
3 

Figure 5.2. Behaviour of the adjustment terms 

In equation (5.2 a) In equation (5.2 b) 

0 threshold AT" N 

In equation (5.2 c) 

N threshold N N8" threshold N NVH 

The explanation of the IGs terms is the same as in chapter 4. In short, they include 

an adjustment for quality that reflects a stylised TK change process of the quality ladder 

type, where q and k are the size of each quality improvement and the number of quality 

improvements, respectively. The value of q is such that IG production shifts from the 
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North to the South when a Southern firm imitates and shifts back to the North when a 

Northern firm innovates,276 which induces a Vernon-type IG cycle. The pattern of the IT 

of IGs mirrors the countries' R&D activities - (dynamic) TK in the Ricardian tradition -, 

which also depends on their (dynamic) HC levels - in the HOS tradition. 

The quality grades of each IG j are perfect substitutes as inputs to production and, 

due to profit maximising limit pricing by the monopolist producers, only the state-of-the-

art IGs are used. Thus, the quantity of IG j with quality rung k used in the production of 

the nth FG in country Z, together with domestic m-type HC, can be produced by either the 

North, xnZ(k,j,t\m,i), after a successful innovation, or by the South, xnZ(k, j,t\m,P), 

after a lower-priced successful imitation of the leading Northern quality level. The term 

qk(j,t\m) ^ w h e r e £ = jCj >kp, which corresponds to the highest quality of IGj, is useful to 

get the quality-adjusted amount of this IG used in the production of the n FG. 

There will also be one of three possible types of IGs producers: Northern IGs firms 

facing competition from other Northern firms, Northern IGs firms facing competition 

from Southern firms and Southern IGs firms facing competition from Northern firms. 

Thus, S(m), [i-E(m)], y(m) and [l-y(m)] continue to be used and they have the same 

meaning as in chapter 4. So, for example, equation (5.1a) can explicitly be rewritten as: 
jSH 

Yn(t\SH)=< 7k(j\SH) E(j ISH) y(SH)xnP(k,j\SH,I) + [l-y(SH)] xnP{k, j\SH,I) 

+[l-S(j\SH)] xnP(k,j\SH,P) 
l-a 

dj (N-n)shSHnP(t\w)A lia 
P 

,k(j\SH) 

(5.2) 
Z(j\SH) y(SH)xnI(kj\SH,l) + [l-y(SH)] xnI(k,j\SH,l) 

+ [l-E(j\SH)] XnAk,j\SH,P) 
l-a 

dj n shSH^itlw)^/ 

The market for FGs is competitive and under conditions of perfect competition FG 

producers maximise their instantaneous profits. It is straightforward to verify that the 

FOCs of the maximisation problem implies the next relations for (i) n e [0, N] : 

xnP(k,j\SH,Z,Z) = (N-n)shSHl nP 
PnP 

p(j\SH,Z,Z) 
AP(l-a) 

lia 
Mj\SH) 

l-a 
(5.3a) 

276 Once again, the South can under-price the North after a successful imitation and the size of each quality 
upgrade is sufficiently large; i.e., ( J - S J / {MCp-sx) < q < l/(l-a) - see chapter 4. 
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xnI(k,j\SH,Z,Z) = nshSHnI 

(u)ne[N,l]: 

Pnl 
p(j\SH,Z,Z) 

A, (1-a) 
lia 

Mj\SH) 
1-a 

(5.3b) 

xnP(k,j\VH,Z,Z)=(n-N)vh VHnP 

xnI(kj\VH,Z,Z) = (l-n)vh VHnI 

(iii) ne[NSH, NVH]: 

xnI(k,j\SH,Z,Z) = (NVH-n ) sh SHnI 

xnI(k,j\VH,Z,Z) = (n-NSH)vh VHnI 

PnP 
p(j\VH,Z,Z) 

Pnl 
p(j\VH,Z,Z) 

AP (1-a) 

A, (1-a) 

lia 
Mj\vH) 

1-a 

lia 
MJ\VH) 

1-a 

(5.4a) 

; (5.4b) 

Pnl 
-,1/a 

p(j\SH,Z,Z) 
A, (1-a) Mj\SH) 

1-a 

-il/a 
Pnl A, (1-a) jfcO'lvs) 

1-a 

(5.5a) 

(5.5b) 
p(j\VH,Z,Z) 

As expected, FG firms demand more IGs when their respective product prices are 

high, IGs prices are low, and their HC employment and IGs quality are higher. Moreover, 

equations (5.3a, b), (5.4a, b) and (5.5a, b) indicates that even when the IGs are produced 

in the South their quality level is the leader Northern quality level. 

We can easily get the demand of IGs manoeuvred by each m-type HC for 

ne[0,N], ne[N,l] and ne[NSH, NVH]. The procedure will be the same as in 

equations (4.5a, b). For this reason, the equations that are equivalent to equations 

(4.5a, b) and (4.6a, b) are omitted, and we stress that equation (4.7) remains valid here. 

Finally, we define the output aggregate in each country as: 

YJ(t)=\Pnl(t)YnI(t)dn = l\exp Ç In YnI(t) dn + J In YnI( t) dn 

YpO) =loPnP(t)YnP(t)dn = MCp \exp j lnYnp(t)dn + f lnYnP(t)dn 

(5.6a) 

(5.6b) 

where we normalise (i) the Northern price of the aggregate FG in each period to / and 

(ii) the Southern price of the aggregate FG in each period to MCp, 0 < MCp < MCi = 1. 

In the next section, we proceed with the novelties in the IGs sector. 
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5.3. Intermediate goods sector 
The aggregate demands X(k,j,t\m,Z,Z), where (Z, Z) = (/, P), (/, I) and (P, I) - see 

chapter 4, section 4.2 -, for the highest quality IGy at t is given by - omitting index k: 

,N SH 

X(j,t\SH,Z,Z) = j xnP(j,t\SH,Z,Z) dn+ ^X^UJISH ,Z,Z)dn; (5.7a) 

.NVH J 

X(j,t\VH,Z,Z) = \N xnI(j,t\VH,Z,Z)dn + ^XnpijjlVH^^dn. (5.7b) 

The remaining considerations in last chapter about this section are still valid. 

Thus, implicitly, the production function of IGs is the same as the FGs production 

function. Hence, the MC of producing an IG, which is independent of its quality and is 

identical across all domestic IGs, equals the MC of producing the composite FG that, due 

to perfect competition in FGs sector, corresponds to its price. 

The maximisation program of the monopolist which has acquired a patent to 

produce the highest quality in each one of the three groups of IGs is similar to the 

maximisation program in equations (4.10a-c). The FOCs lead to the profit-maximising 

prices in equations (4.11a-c). As in the previous chapters, we consider that limit pricing 

strategy is binding and so used by all innovator leader firms. Thus, table 4.2 remains 

valid, and we can rewrite - see mc2y in equation (4.12a, b) - (i) equations (5.3a, b) as: 

xnP(k,j\SH) = (N-n) sh SHnf 
PnP AAl-a) 

lia 
Mj\SH) 

1-a 
mci"r ; 

xnI(k,j\SH) = nshSHnI 

(ii) equations (5.4a, b) as: 

Pnl A, (1-a) 
lia 

q 
k(j\SH) 

1-a 
mc™y\ 

(5.8a) 

(5.8b) 

xnP(k,j\VH)=(n-N)vhVH nP 
PnP AP (1-a) 

lia 
Mj\vH) 

1-a 
rflC-z y ' 

xnI(k,j\VH)=(l-n)vhVHnI 

and (iii) equations (5.5a, b) as: 

-^-A^l-a) 
lia 

, J K ; | V H ) 
1-a 

(5.9a) 

mcfy\ (5.9b) 

xnI(k,j\SH)=(NVH-n)shSH nl 
Pnl A, (1-a) 

lia 
Mj\SH) 

1-a 
md"Y ' (5.10a) 
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xnI(k,j\VH) = (n-NSH)vhVHnI 
Pnl 

-ilia 

A, (1-a) M\VH) 
1-a 

mc™- (5.10b) 
'ZY 

Equations (5.8a, b), (5.9a, b), (5.10a, b) yield the explicit demands for IGs. 

Substituting these into equations (5.1a-c), respectively, we obtain for (i) n e [0, N] : 

";-a" 

YnP(t\SH)=A'P' I/o. PnP (1-a) (N-n)sh SHnP MCI" QJ*" \ (5.11a) 

1/a YnI(t\SH)= A'j 

(ii) ne [AU]: 

YnP(t\VH) = A'P
/a 

YnJ(t\VH) = Aj/a 

a n d ( i i i ) ne [NSH, NVH]: 

Pm 
(1-a) 

1-a 

SH n r n sh SHnI MCZt Qí ; (5.11b) 

PnP 

q 

Pnl 

(1-a) 

(1-a) 

m 
(n-N)vhVHnP MCEQÍ \ 

(l-n)vhVHnIMC™Qi \ 

(5.12a) 

(5.12b) 

YnI(t\SH)=AJ 1/a Pnl (1-a) 

YnI(t\VH)= Aj lia - ^ (1-a) 

1-a 

1-a 
a 

,VH SH nJ3 
(NVH- n) sh SHnI MCÎ" Q\ \ (5.13a) 

(n- NSH) vh VHnl MC™ Q?" ■ (5.13b) 

The term MC?y in equations (5.11a, b), (5.12a, b) and (5.13a, b) is defined in 

equation (4.13). These equations can be summarised in the following way: 

YnP(t) = A'P
/a 

YnI(0=A!/ 

Yn,(t) = A;A 

PnP (1-a) (N-n) sh SHnP MC™y Qj + (n-N) vh VHnP MC™7 Qj 

^ (1-a) 
l-a\ 

[* 
n sh SHnI MC™7 Qj + (l-n)vhVHnl MC™y Qj 

Pnl 
d-a) (Nw- n ) sh SHnI MCf Qj + (n - NSH) vh VHnl MCZ Qj 

(5.14a) 

;or, (5.14b) 

(5.14c) 

Equations (5.14a-c) show that in equilibrium the growth of FGs production is 

driven by Northern TK, Qf™ and Qf", and by domestic HC employed, VHz(.\w) and 

SHz(.\w). Finally, the terms H(ra) and y(m) of MC£y are as defined by equation (4.14). 
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5.4. Equilibrium given R&D and HC accumulation 
In comparison to the equivalent section in the previous IT regimes, now there are 

two related novelties. First, the IT of FGs instigates an international pattern of FGs 

production and, second, it increases the interdependence between countries. Thus, we are 

going to obtain the equilibrium values for the threshold variables N, NSH and NVH, for the 

aggregate variables Yz and Xz, for the price paid per unit of each type of HC at work, vvm, 

for its growth rate, for the versatile premium, wVH/wSH, and for the inter-country wage 

inequality, w™ / w", given the Northern TK levels and the domestic levels of HC at work. 

First, we must prove that each FG is produced using only one technology, VT or 

ST, and only by one country, North (7) or South (P). The production functions in 

equations (5.1a-c) make I (P) relatively more productive in specialised FGs with high 

(low) indexes, P (I) relatively more productive in versatile FGs with high (low) indexes, 

and the VT (ST) more productive in FGs with high (low) indexes. As figure 5.1 shows, it 

must be a threshold NSH e [0, N], NVH e[N,l] and N e [NSH, NVH] such that for: 

(i) n < NSH < N the FG producer is located in P and uses ST; 

(ii) NSH < n < N the FG producer is located in I and uses ST; 
rVH (iii) N<n<N the FG producer is located in I and uses VT; 

(iv) n > NVH > N the FG producer is located in P and uses VT. 

To find NSH, NVH and N, we start by noting that the profit of the representative 

producer of FG n, which uses m-type HC, at time t, regardless of the country, is still 

given by equations (4.16), although with differences in the values for the variables.277 

Considering equation (4.16) and in pairs equations (5.8a) and (5.11a), (5.8b) and 

(5.1 lb), we have for ne[0,N], respectively - where nnZ{\ m) =I7„z(-\m)/mnZ(.\ w) : 

JtnP(-\SH) = (N-n)sh 
sl/a 

PnpAp 
V J 

1-a [ " ,SH 

Ql MC 
{1-a) 

wc 
,SH 

nnI(-\SH) = nsh 
\ 

PnlAl 

lia r 1-a m Ql MC™. {1-a) 
w, 

(5.15a) 

(5.15b) 

Taking into consideration equation (4.16) and in pairs equations (5.9a) and 

(5.12a), (5.9b) and (5.12b), we get for n e [N, 1 ] , respectively: 

277 If the FG producer is located in P and uses ST [VT], YnP will be given by equation (5.1 la) [(5.12a)] and 
xnP by equation (5.8a) [(5.9a)]. If the FG producer is located in / and uses ST [VT], Ynl will be given by 
equation (5.11b) or (5.13a) [(5.12b) or (5.13b)] and jcn/by equation (5.8b) or (5.10a) [(5.9b) or (5.10b)]. 
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KnP(-\VH)={n-N)vh 
( \ 

PnpAp 
V J 

lia 

lia 

7tn[(-\VH)=(l-n)vh pnIA, 

1-a 

1-a 

' " ' Q?HMC 1- (1-oc) 

" J QfMC J-

q 

{l-a) 
q 

- w " ; (5.16a) 

w, (5.16b) 

And again bearing in mind equation (4.16) and in pairs equations (5.10a) and 

(5.13a), (5.10b) and (5.13b), we obtain from ne [NSH, NVH], respectively: 

xnI(-\SH) = (NVH-n)sh pnIA, 
\ lia 

7tnI{-\VH) = {n-NÒH)vh Pnl\ 

J 

\lla 

1-a 

1-a 

I a J ,sn ... 

[-L, Qí MC 

SH 1- a -a) 
ay 

1 J 

VH h a -a) 
a'f _ 1 

-ws,H; 

w, 

(5.17a) 

(5.17b) 

The FGs market is competitive and so FG producers have to make zero profit per 

HC employee. Moreover, considering equations (5.15a, b), (5.16a, b) and (5.17a, b), the 

operations nnI(-\SH)-7CnP{-\SH), xnP(-\vH)-7rnI(-\vH) and xnI(-\w)-xnI(-\sH) are 

increasing functions of n over ne[0,N], ne [N, 1 ] and ne [NSH, NVH], respectively: 

9t SH 
f \ 

Alla lia , Alla lia 
Al Pnl + A P PnP 

V 
i lia lia 

P PnP 

9tv r \ 
Alla -Ha, Alla lia 

Al Pnl + AP PnP V 

-NAU'p 

lia lia Alla lia 

< + < ; 

j 

r \ 
vhMC™ Qf"+ shMC™ Qi" 

N A'r P7 - Ai" Pni 

-NSHvhQ?H-NVHshQÏ 

wf+wT; 

VH . SH 

where: SRm = 'l-a
s 

, 1 J 

— l r a J , 1-a mMClYQi and 3 = AiPm 
v / " 0 - ^ 

V H J 

a J 

(5.18a) 

(5.18b) 

(5.18c) 

1-a 

Since individuals prefer variety they consume a composite FG composed by all 

FGs, either produced domestically or imported,278 all FGs are produced. As both 

countries have the two types of HC that, in equilibrium, must all be employed, both 

countries produce a certain number of FGs, according to their CAs. Thus, for each FG 

(i) ne [0,N], either 7VnI(-\sH)=0, or n:„p(-\SH) =0, or still 7tnI{-\SH)=7tnP{-\SH) =0\ 

(ii) ne [N,l], either nnP(-\w) =0, or xnI(-\vH) =0, or still 7cnP{-\vH)=7cnI{-\vH) =0; 

278 As the production of FGs, as well as the production of IGs, can be located in the foreign country, there 
is also IT of FGs. Nevertheless, IT must be balanced. 
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(iii) n<=[NSH,NVH], either TIJ,-\VH) =0,or K„,(-\SH) = 0, or still xnI(-\vH)=xnI(-\sH) =0. 

Hence, there is a 

(i) NSHe[0,N] such that nnP(-\SH)-n:nI(-\SH) =0 and 7inP(-\SH)-KnI(-\SH) >0 (<0) 

for all n < NSH (for n > NSH); 

(ii) NVHe[N, 1] such that nnP(-\vH)-xnI(-\vH)=0 and ^np(-|vH)-^7(-|V7/)>0 (<0) 

for all n > N r a (for n < NVH); 

(iii) We [NOT, NVH] such that ^ ( - | r a ) - ^ ( - | 5 / i ) = 0 and ^n /(- |w/)-^„ ;(- |œ)>0 

(<0)foralln>A^(forn<A^). 

Thus, 

it-] 

y. = 

< 

A ' 

. i / o 

AÍ' 

PnP 

Pnl 

{1-a) 
q 

q 

(l-a) 
q 

il-a) 
1 

il-a) 
q 

(l-a) 

MC™ (N-n)shSHnP(.\w)QJ if 0<n<N: ■SH 

m 
m 

MC™ n shSHnI(.\w) Qf~ if NSH <n<N 

MC™ (l-n)vhVHnI(.\w)Qi if N<n<N* 

1 " MCfr (n-N) vh VHnP{. \ w) Q.f if Nm <n<l 

(5.19) 

m 
m 

MC™ (Nw-n) shSHnI(.\w) Qj if NSH <n<N 

MC™ (n-NSH)vhVHnl (.\w) Q?*if N<n<N VH 

The equilibrium marginal value product has to be equalised across all m-type FGs, 

dPnYn 
r n n   
9m„ 

Alla lia 
AP PnP 

A'/" p'f 

AT P
I/
: 

K
la

fâ 

A
1
;- Pf 

Alla 1/a 
Al Pnl 

l-a 
q 

'l-a 
q 

l-a 
q 

l-a' 
q . 

l-a' 
q 

l-a 

[ * 

m 
m 
m 
[4? 

MC™ (N- n) sh Qi if 0<n<Ns-

MC™ n sh Qi" if NSH <n<N 

MC™ {l-n)vh Qj if N<n<Nv 

MC™ (n-N) vh Qi if Nm <n<l 

MCf (Nm-n) sh Qf if Ns" <n<N 

MC™(n-NSH)vhQi ifN<n<Nv 

(5.20) 
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Equation (5.20) gives the wage of the m-type HC and shows that if p
lla (N-n), 

Pnia n ' P'nfV-n)' P"P
a(n-N)> p"?(NVH-n) and p1^(n-NSH) are independent of n 

the marginal value product will be the same for all n e [0, NSH], ns [NSH,N], 

ne[N,NVH], ne[NVH,l], ne[NSH,N] and ne [N,NVH], respectively. Defining 

these price indexes as P
s
p

H(lla\ PfH(1/a\ P]H{lla), P™(lla\ pfHO^) md pva(ii*> t 

respectively, which can be determined, equation (5.19) can be written as:279 

F, = 

m YnP(SH)(N-n)a,YnP(SH) = A'P' 

Ynl(SH)na, Ynl(SH)=A\la pf 

YnI(VH)(l-n)a, YnI(VH) = Aya 

YnP(VH)(n-N)a, YnP(VH)=A1
P

l 

„SH U~a) 
Pp 

(1-a) 

q 
Jl-a 

MCÍ" shSHnP(.\w)QJ, if 0<n<Ns' 

P MCÍ" sh SHn,{.\w)QJi if Ns" <n<N 

VH (1-a) 
Pi 

VH (1-a) 
PP  

MC™ vhVHnJ(.\w)QJ,VH if N<n<N" 

MC^ vh VHnP(.| w) Qj™ if Nv" <n<l 

(5.21) 

Ynl(SH)(NVH-n)a, YnI(SH) = A'/a 

Ynl(VH)(n-NSH)a, Ynl(VH) = A'/a 

SH (1 - a ) 
Pi 

VH (1-a) 
Pi 

m MCÍ" sh SH^ (.|w) QJ if NSH <n<N 

MCÏ" vhVH^^w) Qi"" if N<n<Nv 

Since in equilibrium expenditures across FGs, pnYn, are equalised,280 VHn and 
SHn have to be constant and equal in all FGs using VH and SH, in the respective country: 

f SHnP(. \w) dn = SHP(. | w) => SHnP(. \ w) = SH^}^ ; 
N< 

SHj(.\w) 

N-N SH ' 

(5.22a) 

(5.22b) INSH SHnl{. \w)dn = SH,(. | w) => SHní(. \ w) = 

rNV" , , , VH,(.\w) 
I VHnI (. | w) dn = VH, (. | w) =* Wfn/ (. | w) = ^ ^ ; (5.22c) 

^VHnp(-\™)dn= VHP{.|w) ^ ranP(.|W) = raj>(>) . ( 5 2 2 d ) 

' Thus, the price paid for a unit of m-type HC at work in Z, w", can be written as: 

*z"= rfAa 
7 - a [*] Mes, m e; J " ' . 

280 This is because the Cobb-Douglas structure in equations (5.6a, b), the consumption of all FGs by each 
individual, and the equilibrium balanced IT. This implies that expenditures across all FGs, either produced 
domestically or imported, are equalised. That is, the value of the production of each FG is equal (and more 
generally, the value consumed domestically of each FG is equal). Therefore, regardless of the localisation 
of production, the value used domestically plus the value exported is the same for all FGs. 
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th Table 5.1 sums up the profits of the representative n FG firm, in all cases. 

Table 5.1. Profits of the representative final good firm n 

Final good firms 
Profits of the final good firm n 

Final good firms 
ne[0,N3H]A) ne[NSH,N] n € [N, NVH] ne[NVH,l] 

Using ST in P = 0 <0 <0 <0 

Using ST in / <0 = 0 <0 <0 

Using VT in / <0 <0 = 0 <0 

Using VT in P <0 <0 <0 = 0 

Note: means that, for example, for n e [0, NSH ] all FG firms in P using ST make zero profits, while 
all the others in the world (that is, in P using VT and in / using either one) obtain negative profits. 

To find the threshold FGs, note that (i) NSH can be produced by either ST in 

country P or ST in country /, (ii) NVH can be produced by either VT in country / or VT in 
981 

country P, and (ill) N can be produced by either ST or VT in country /, and must yield 

zero profit in either case. Thus, for example, when ne[0,N], ne[N,l] and 
TSH VH ne[NSH, NVH], both respective price indexes definitions must hold for n = N*", n = Ny", 

n = N, respectively, implying the ratios in table 5.2. NSH and Nvl 

'comparative margins', since FGs can be produced in both countries. 

Table 5.2. Price indexes - summary and ratios for threshold final goods 

Range of the n final good 
Price indexes 

By definition Ratio for threshold final goods 

ne [0,N] 
ne[0,NSH] SH / » , sOL 

Pp =PnP(N-n) 
SH pp _ MCP 

ne[NSH,N] SH ( 
Pi = Pm n pf MC, 

N-N SH\a 

N SH 

ne [N,l] 
n e [N, NVH] VH / , x a 

PI =PnA1~n) 
ne[NVH,l] VH , m a 

Pp =Pnp(n~N) 

VH 
PP 

VH 

Pi 

MCp 
MC, 

rNVH -N 
1-NVH 

V 

ne[Ns", NVH] 
ne[NSH,N] SH /ATVH a 

Pi = Pni(N - n ) Pi 

ne[N,NVH] VH , \TSH ,a 
Pi =P„l(n-N ) 

Pi 
SH 

rN-NSH^ 

KNVH -N J 

Note: a) imply that we have assumed for n = NSH and n = N™ that PNSHP _ p^ _ MCP =
 P»™r 

PNSH, PY, MC, PN™, 

281 Note that (i) and (ii) hold because we assume that there are no IT barriers or transportation costs. 
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Since IT results in a pattern of FGs specialisation according to the countries' CAs 

mirrored in the threshold FGs, then, as shown in the last column of table 5.2, IT 

influences the FGs price indexes. Moreover, as pn Yn is constant for all n, together with 

equation (5.21) and the additional information in table 5.2, we obtain: 

NSH = Rj R2 R3 

NVH = 

N = 

1 + R2(l + R3)-Rj(l + R2) 

R2(l + R3-Rj) 
1 + R2(l + R3)-Rj(l + R2) 

R
2

R
3  

1 + R2(l + R3)-Rj(l + R2)' 

(5.23a) 

(5.23b) 

(5.23c) 

Where: 

* , • ■ i + 
U,MC, V■" 
v /\.p ÍV1 Ksp j 

SH,(.\w) 

SHP(.\w) 
R2 = 

A,MC, 
yAp MCp j 

\lla 

VHP(.\w) 

Q]S" sh SH,(.\w) 
QJm vhVH,(.\w) 

In particular, as we will see later on, equations (5.23a-c) imply that the three 

threshold FGs are constant in the steady state.282 Moreover, as table 5.3 below sums up: 

(i) as Az is crucial in the production of both types of FGs, specialised and versatile, an 

improvement in Az increases the fraction of FGs using ST and VT in country Z. In other 

words, the better the exogenous productivity the country has, the greater the number of 

FGs that it produces. This result implies that the number of FGs produced by one country 

increases when a new GPT is used in the country. Furthermore, concerning this, the 

effects of an increase in Az are similar to the effects of an increase in MCZ. 

(ii) The CA of country Z in specialised FGs increases when its SHz(.\w) also 

increases. As the number of FGs remains constant, this implies that the number of FGs 

produced with VT decreases in both countries, as well as the number of FGs produced 

with ST in the foreign country. In summary, a greater number of FGs are produced with 

ST in country Z and, as a result, in the world since TV increases. 

(iii) When VHZ(. \w) increases, more FGs are produced with VT in country Z and less 

FGs are produced with ST in the South. Furthermore, when the increase is in VHi(.\w) 

this also decreases the number of FGs produced with VT in the South. 

(iv) If Qj or sh increases, the Southern number of FGs produced with ST increases 

and the number of FGs produced with VT decreases in both countries. In this case the 
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South must capture a relatively greater share of the world FGs production. However, if it 

is Qi or vh that increases, the number of FGs produced with VT increases in both 

countries and the Southern number of FGs produced with ST decreases. Consequently, 

the North must capture a relatively greater share of the world FGs production. 

(v) The explanation of the pattern of FGs specialisation is in line with the Ricardian 

tradition due to (i) and (iv), and is in line with the HOS tradition owing to (ii) and (iii). 

Hence, in particular, each country will export relatively more FGs of the type that 

use more intensively the relatively abundant type of HC, and import relatively more FGs 

of the type that use more intensively the relatively scarce type of HC. 

As we will confirm later on, the previous analysis enables us to state that the South 

produces (and so exports) more FGs at the end of the adjustment process. This is because 

it is expected that the South improve its economic development level measured by the 

TK gap and by the gap in HC at work in relation to the North. In addition, parameters 

and variables that affect the thresholds N, NSH and NVH affect price indexes - see table 

5.2 - and, consequently, the direction of R&D through the price channel. Thus, the HC at 

work in both countries and the Northern TK are particularly important in determining the 

direction of R&D and intra-country wage inequality. 

Table 5.3. Comparative statics - comparative, NSH and NVH, and technology margins, N 

NSH-0 N-NSH NVH-N 1-NVH 

a 
dAP 

+ - - + 

a 
d A, 

- + + -

a + - - -
dSHp(w) 

+ - - -

a - + - -
dSH,(w) 

- + - -

a - - - + 
dVHp(w) 

- - - + 

a - = + -
dVH,(w) 

- = + -

NSH-0 N-NSH Nm-N 1-NVH 

a + = - -
aef 

+ = - -

a - = + + 
dQr 

- = + + 

a 
dsh 

+ = - -

a 
dvh 

- = + + 

a + - - + 
dMCp 

+ - - + 

a - + + -
dMCj 

- + + -

Notes: 1 ^ > 0 if p = {AP, SHP(.\w), SH,(.\w), sh, Qjs" and MC,} and M. < o i f n o t -
dp dp 

In short and taking into consideration the previous chapter, this is because in steady state Qf SHj(.\w), 
QjSH SHP(.\w), Qf VHP (. | w) and g/™ VH,{.\ w) grow at the same rate. 
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In summary, in what concerns the pattern of IT (i) the South produces and exports 

specialised FGs with smaller indexes, n e [0, NSH ] , versatile FGs with greater indexes, 

ne [NVH, 1], and IGs imitated previously; and (ii) the North produces and exports FGs 

with intermediate indexes, n e [NSH, NVH ] , and IGs that had not yet been imitated. 

To proceed, the value of the FGs price indexes, pi, are required. Considering the 

numeraire as the Northern price of the aggregate FG, exp \ Inp , dn = 1, then: 

H In pnl dn = J SHIn [pf(Nm- «)] dn + j In [p™(n -NSH)] dn = 0. (5.24) 

From equation (5.24), with the expression for the relative versatile price in the 

North presented in table 5.2 and with some additional algebra, we find that: 

p, =exp(-a) 

pf1 =exp(-a) 

Nv"-N 
-]2a 

VH XTSH Nv"-N 

N-N SH 
2a 

VH f.TSH Nv"-N 

(5.25a) 

(5.25b) 

S H 

SH N-N 
NVH - N 

iJSH 

Qj shSH,(.\w) (5.25c) 
PF ljy - i V J IQÍ™ vhVHj(.\w) _ 

Equation (5.25c) suggests that when the Northern TK is highly versatile-biased 

and/or its level of VH at work is relatively greater, the Northern relative price of versatile 

FGs will be low. Furthermore, comparing equations (2.24c) and (5.25c) we observe that 

the expression for the ratio pj"/p™ does not change at time to when FT begins - i.e., 

when the FT regime changes (but now) from autarky to free IT of all goods. This is 

because the adjustment process in world production of FGs does not affect p]H / pf1. 

Now, using equations (5.25a, b) and the value of the ratios p*H I pf and p™Ip™ 

into table 5.2, the FGs price indexes and the Southern relative price of versatile FGs are: 

MCp ' ' "™ ' ' "™ " " ' • (5.26a) 

(5.26b) 

(5.26c) 

p™ =exp(-a) 

SH 

MC, 
1-N 

pi" =exp(-a) 
MCP 

MC, 
N SH 

m 
- a 

NVH-N SH 
2a 

- a 
NVH-NSH~ 

2a. 

_ 

PS
P

H 

N SH 

1-N VH 

>JSH 

QÍ shSHP(.\w) 
-i a 

QJ™ vhVHP(.\w) 
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Equation (5.26c) indicates that when the Northern TK is highly versatile-biased 

and/or the Southern level of VH at work is relatively greater, the Southern relative price 

of versatile FGs will be low. Hence, the ratio pf /' pf changes at time t0 when IT starts 

owing to the level effect induced by the IT of IGs - as explained in chapter 4. 

In short, at time t0 the South has access to the Northern TK and since Qfm > QJ
p
m it 

enjoys an immediate benefit relative to the North in terms of aggregate output, Y, and 

factor prices, wm. This is clear in equations (5.20) and (5.21), considering that (i) the HC 

instantaneous jump in the allocation of time between employment and accumulation and 

(ii) the changes in mark-ups are of second order. That is, inter-country wage inequality 

falls. Besides, due to the Southern jump to the Northern measure of versatile-specialised-

bias - and assuming the starting conditions stated in equation (4.25) - , the Southern 

relative price of versatile FGs drops at to - equation (5.26c).283 As the shift in the demand 

for VH is stronger, due to complementarity between IGs and HC together with the 

versatile-specific bias in TK, an immediate jump in intra-South wage inequality occurs. 

As we will see later on numerically, the characteristics of the countries at to implies 

that the North always produces relatively more versatile FGs than the South, although the 

level effect brings the countries closer in terms of prices and of the number of FGs 

produced with each technology, VT or ST. Thus, factor-intensity reversal exists, 

contrarily to the stated by the HOS model. However, since countries are different in 

terms of HC levels and HC is not internationally mobile, the convergence in prices 

between countries is only relative.284 Indeed, although the drop in the Southern relative 

price of versatile FGs at time to, it remains greater than in the North. This will induce 

more R&D directed at improving Northern versatile TK than in the autarkic North. 

In the new equilibrium, the relative price of versatile FGs and the use of ST in the 

world fall, while relative (relative to the autarkic North) versatile-biased TK progress and 

the use of VT in the world increase. Due to the increase in the use of VT, a temporary 

partial Schumpeterian dynamic equivalent to the static Rybczynski result arises. 

To close the section, we are going to determine the total resources devoted to IGs, 

X, and after that the aggregate output, Y, in each country. From equations (5.8a) and 

(5.9a), the Southern total resources devoted to IGs production of each type at time t are: 

The measure of Northern versatile-specialised-bias also affects the world pattern of FGs specialisation, 
as is clear from the three thresholds, NSH, NVH and N, given by equations (5.23a-c). 
284 Usually we talk only of distinct HC levels between countries, but we need to bear in mind that these 
differences also reflect different HC structures. 
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I xnp(k,j\SH) dj dn = sh SHp(.\w) 

xjVH ,VH 

XP(.\VH) = 1 1 xnP(k,j\VH) dj dn = vh VHP(. | w) 

nSH A Pp "-1 
(1-a) lia 

mc™Q,' ; (5.27a) 

™ , {1-a) 
n

v
" A Pp
 A

, 

lia 

mcfYQiVH. (5.27b) 

And from equations (5.8b) and (5.9b) [or, alternatively, from equations (5.10a) 

and (5.10b)], the Northern total resources devoted to each type of IGs at time t are: 

f SH ,SH 

J[ xnI(k,j\SH) dj dn = sh SH,(. | w) 

XI{\VH)= [ ^xnI(k,j\VH)djdn =vhVHI(.\w) 

(1-a) 
p? A 

VH A (1-a) 
Pi A

I 

lia 

mcíH
rQr; (5.28a) 

lia 

mc™QÏ ■ (5.28b) 

Thus, from equations (5.26a, b) and (5.27a, b), on the one hand, and (5.25a, b) and 

(5.28a, b), on the other, the resources devoted to IGs in the South and in the North are: 

Xp=ex
p\shSHP(.\w)NSH^m4»Qr+vh VHp(.\w)[ 1-Nm mc^Qf"}; (5.29a) 

X, =Qf\shSHI(.\w) \N-NSH) mcsJ,
rQf+ vh VH^w)] Nm-N mc™ Qf\\ (5.29b) 

where: ©£ =exp(-l) (1-a) MCP 

q MC, 

lia 

NVH-NSH)2 mdQf =GX
P 

A, MC, 
AD MCD 

lia 

In particular, equations (5.29a, b) show clearly that due to the IT of FGs the total 

resources devoted to IGs in each country depends directly on the levels of HC at work of 

the other, via comparative and technology margins - see equations (5.23a-c). 

Following the same reasoning for the aggregate output; that is, taking into account 

its definition, equations (5.11a) and (5.12a) [or also equation (5.14a)] for the South and 

equations (5.11b) and (5.12b) or equations (5.13a, b) [or still equations (5.14b, c)] for 

the North and equations (5.25a, b) and (5.26a, b) for the FGs price indexes, yields: 

YP = er
P\sh SHp(.\w)NSHi-nMC™Qj; +vh VHP(.\w) (I-N^XMC™ Qf"\; (5.30a) 

Y,=Q, \shSH,(.\w) [N-NSH] MC™Qf + vhVH,(.\w)[NVH-N) MCgQJ}- (5.30b) 

where : ©Y
p = exp (-1) MCP 

MC, 

lia 
1-a 1-a 

a ( , ,17 / 
NVH-NSH\ a n d G ^ 6 y

B 
A, MC, 
Ap MCP 

-,1/a 

Equations (5.30a, b) show that differences in the countries' equilibrium aggregate 

output results directly from differences in A, SH(.\w) and VH(.\w), since they have 
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access to the same TK, due to the IT of IGs. However, owing to the IT of FGs, countries 

now dispute the production of FGs, which is mirrored in the three threshold FGs. 

This implies that they become more interdependent, since the three threshold FGs 

depend on SH(. \ w) and VH(. \w) [and on MCs] of either country. That is, when IT of FGs 

starts at time to, there is an adjustment process in the production of FGs in both countries. 

From then on, each FG is produced by one country according to the CAs and the output 

of each country is affected by the levels of HC of the other via FGs price indexes or, in 

other words, via the three thresholds FGs. This adjustment almost certainly increases the 

Southern aggregate output; i.e., it presumably benefits from the greater Northern levels 

of HC at work and respective structure, and vice-versa. If this is so, we can state that a 

new (considering the IT of IGs alone) level effect occurs in the South and a negative 

level effect takes place in the North, which is negatively affected by smaller Southern HC 

levels and the respective structure. We will verify this later on through calibration. 

Again, the price paid for a unit of each m-type HC, wm, obtained from equations 

(5.30a, b) is equal to that obtained from equation (5.20) if MCj" = MCvJl .285 Thus, 

A,p 
i l / o r , 

1-a z fz 

1 -a 

MC™ m Qim, where MCf =MCV
S
H (5-31 ) 

q 

Due to the IT of FGs, wages in each country are affected by the HC levels in the 

other, not only because the HC levels of both countries influence the direction of TK 

progress, g / m , as in chapter 4, but also because the HC levels of both countries affect the 

FGs price indexes - see equations (5.23a-c), (5.25a-c) and (5.26a-c). As a result, if, as 

expected, the South enjoys a new positive level effect, Southern wages will be enhanced. 

Bearing in mind equation (5.31), the equilibrium growth rate of w™ is also given 

by equation (4.32). Hence, the potentially higher growth rate of Northern TK progress 

under IT favours workers in both countries. In view of equation (5.30), inter and intra-

country wage inequality, and the versatile premium between countries, W, is still given 

by the expressions in equations (4.33a-c), respectively. 

In the next section, we are going to analyse the steady state equilibrium. Before 

that, we highlight that now the analysis of the R&D sector is very similar to the analysis 

in chapter 4, section 4.5. Therefore, we will only refer to the alterations resulting from 

285 Moreover, with MClH =MC™, equations (5.30a, b) again show an elasticity of substitution constant 
(= 2) between both types of domestic HC at work pondered by the associated Northern TK. 
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the IT of FGs, which are basically related to the manner of calculating the flow of profits 

from successful research firms. Thus, the expression for the flow of profit of successful 

research firms of all types and for each time t is still given by equations (4.35a-c). 

However, to get equation (4.35c), for example, we now take into account that: 

I7(k,j,t\SH,P,I) = 

P(J\PJ)- MCP 

I7(k,j,t\VH,P,I) = 

P(j\PJ)- MC P - i r 

f x^(k,j,t\SH,P,I)dn + \ Xj(k,j,t\SH,PJ)dn 

f xnI(k,j,t\VH,P,I)dn + f x„P(k,j,t\VH,P,I)dn 
V"" 

(5.32a) 

(5.32b) 

and after that we use equations (4.11a-c), (5.3a, b) and (5.22a, b) - with the same 

reasoning we can derive equations (4.35a, b).287 Hence, in these new equations, FGs 

price indexes are given by equations (5.25a, b) and (5.26a, b). That is, the type of IT that 

affects the R&D activity is the IT of IGs. Consequently, section 4.5 of the previous 

chapter remains valid here. This suggests that in the expressions for the equilibrium 

interest rate and world growth rate, IT of FGs only affects FGs price indexes - as we will 

see explicitly in the next section for the steady state equilibrium. 

To complete the characterisation of the aggregate economies, the behaviour of 

individuals must be considered. Since this behaviour in not affected by IT, section 2.6 

continues valid here. The government budget and aggregate resource constraints also 

remain the same as in section 2.7, since IT is always balanced.288 Thus, plugging 

equation (4.45) - where, due to IT of FGs, FGs price indexes are now different - into 

equation (4.32) and equating the resulting m-type HC demand path to the necessary 

condition for optimisation by individuals - equation (2.70) - the equilibrium interest rate 

in the countries is obtained. By Walras' law, it is also the interest rate that clears the 

assets market. The general equilibrium instantaneous growth rate of the countries at time 

t results from plugging the equilibrium interest rate into the Euler equation (2.64). 

Bearing in mind the static benefit(s) generated, IT favours Southern workers even more. 286 
287 Comparing the incremental profits of follower firms taking over the leader position with the incremental 
profits of leaders replacing themselves, it can be proved that the gain to a follower firm is always greater. 
288 The equilibrium aggregate output - equations (5.30a, b) - , the demand for IGs - equations (5.29a, b) -
and the resources devoted to R&D - equation (4.44), considering the FGs price indexes under IT of FGs 
and that changes in m(. | w) and q(.\m) are of 2nd order - are all constant multiples of the Northern TK 
(since there is IT of IGs) and of the domestic level of HC at work (since there is no international mobility 
of production factors) - in both (to be more precisely) due to the new FGs price indexes as a result of the 
IT of FGs. Thus, by the aggregate resource constraint, the same takes place for the aggregate consumption. 
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5.5. The steady state 
This section is centred on the analysis of the North-South steady state properties of 

our model and it is organised as follows. In subsection 5.5.1, we will point out that, for 

the same reasons as those presented in the previous IT regime, a unique and stable world 

BG path exists when countries open up to IT and conclude that the comparative steady 

state analysis of the previous chapter remains valid. In subsection 5.5.2, we will 

investigate other related steady state effects, namely the world growth benefits, 

convergence in levels between countries, FGs specialisation pattern, prices and wages. 

5.5.1. Steady state growth 

Generically, the analysis accomplished in section 4.6 of the last chapter remains 

valid. Once again, 

(i) by assumption, countries have the same technology of production of FGs,289 and, 

thereby, the aggregate output has constant returns to scale in the inputs m(. |w) and Qjs; 

(ii) the aggregate output is used for consumption and savings, which, in turn, are 

allocated between production of IGs and R&D, since IT is balanced; then, Y, X, RS and C 

are all constant multiples of the Northern TK and the domestic HC at work;290 

(iii) also, by assumption, countries have the same technology of HC accumulation. 

Together, (i), (ii) and (iii) imply that the steady state growth rates - and through 

the Euler equation (2.64), the interest rates - are equalised between countries. The 

common (unique) and stable steady state growth rate, gr, is still given by equation (4.46), 

which, in short, suggests that a higher interest rate increases the process of creative 

destruction. Since in equation (4.46) it is implicit that, in steady state, m(.\w) and 

q(.\m) are constants, equations (4.47) and (4.48) also remain valid here. In addition, in 

steady state, both the equilibrium probabilities of successful research and MC^ are 

constants, which, in turn, implies that y(m) and S(m) are also constant, and that wage 

growth rates increase steadily according to TK progress - see equation (4.32). 

Except for the level of productivity A, the adjustment terms and the level of HC at work m(.\w), which 
implies differences in the levels but not in the growth rates. Bearing in mind that adjustment terms serve 
only to transform the FGs index n in an ordering index. 
290 This is really true when m(. \ w) and q(.\m) are constant, since the resources devoted to R&D and to C 
are functions of the variables fh(.\w) and q(.\m) as a result of IT of IGs. This implies that in steady state 
the m-type HC at work and the TK must grow at the same rate in both countries. Thus, regardless of the 
country, all variables of the aggregate budget constraint are in fact a constant multiple of the Northern (and 
Southern) TK, the levels of HC at work in both, the gap in HC at work and the TK gap between them. 
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Following the same steps as those used to obtain the equilibrium interest rate, we 

obtain the constant steady state interest rate as given by equation (4.49). After that, 

plugging equation (4.49) into the Euler equation (2.64), the steady state growth rate 

becomes given by equation (4.50) - equations (4.51) and (4.52) are also valid here. 

Excluding the FGs price indexes, the expressions for the equilibrium interest rate and the 

world growth rate are the same under IT of IGs alone and IT of all goods. Indeed, since 

economic growth is driven by HC accumulation and by TK advances in the quality of 

available IGs, the IT regime which directly affects the growth rate is the IT of IGs. 

Hence, the CA in production of FGs plays no direct role in fostering growth. Thus, 

if changes in prices of FGs from IT of IGs alone to IT of all goods are of 2nd order and 

there is no increase in R&D, there is also no change in the world growth rate. This is in 

line with, e.g., Rivera-Batiz and Romer (1991) and Grossman and Helpman (1991a).291 

Given the previous analysis, the qualitative results of the comparative steady state 

analysis are then those shown in table 4.2. 

5.5.2. Steady state effects 

In this subsection, other related steady state effects are analysed, namely possible 

world growth changes induced by the IT of FGs, convergence in levels between South-

North countries, pattern of FGs specialisation, prices and wages. 

Countries' growth benefits with North-South TK diffusion and IT of all goods 

In the last subsection, we found that, excluding FGs price indexes, the expressions 

for the steady state interest rate and endogenous growth rate are the same as in chapter 4, 

and are given by equations (4.49) and (4.50). Consequently, the increment in the steady 

state interest rate from (i) the South without international flow of goods, assets, HC and 

TK, and from (ii) the world under TK diffusion without IT effects, given by equation 

(3.3), to the North-South TK diffusion and IT of all goods depends also on the 

differences stated in equations (4.53a) and (4.53b, c), respectively. 

Therefore, in generic terms the comments made in subsection 4.6.2 are still valid. 

Indeed, the new IT regime only affects the expressions of the FGs price indexes. 

Evaluation of the resulting changes in FGs price indexes requires solving for transitional 

dynamics through calibration and simulation. However, if, as expected, the impact of 

291 In fact, Rivera-Batiz and Romer (1991, pg. 544) claim that "... free trade in goods can affect the level of 
output and can therefore affect welfare, but it does not affect long-run growth rates." Similarly, Grossman 
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these changes on the steady state interest rate and world growth rate is not very strong, 

the countries' growth benefits with North-South TK diffusion under IT of all goods tends 

to be greater than without IT. Moreover, we can admit that imitation capacity is (again) 

improved due to the increase in the interdependence between countries - i.e., that the 

index of openness, IT, is now higher. If so, the increase in the steady state world growth 

rate ultimately reflects a kind of scale: the jump in the catching up term due to IT. 

Pattern of production, prices of final goods, wages and relation with technical progress 

We now compare the without international TK diffusion steady state paths of the 

pattern of FGs production, FGs price indexes, wages and TK bias with the ones obtained 

from a move, at time zero, to, to free IT of all goods. The analysis made will be better 

understood - and so complemented - later on in the transitional dynamics analysis. 

In spite of the downward level effect in the Southern relative price of versatile FGs 

at time to explained in section 5.4, differences in factor levels, as assumed by equation 

(4.25), dominate the steady state, such that Southern relative prices of versatile FGs are 

always higher- see equations (5.25c) and (5.26c) and figure 4.2 which remains valid. 

As the North-South average relative price of versatile FGs is higher than in the 

autarkic North, then, due to the price channel, the relative demand for versatile-specific 

new designs increases, biasing R&D innovation in that direction more than without 

international TK diffusion, as shown in both scenarios A and B of figure 4.3. Relative to 

without international TK diffusion, such steady state bias increases the worldwide supply 

of versatile-specific IGs, thus decreasing the steady state relative price of versatile FGs. 

From equations (5.23a-c) and considering the steady state values for the threshold 

FGs, we can get an available world steady state measure of versatile-specialised-bias, 

which depends directly on the Northern relative abundance of the two types of HC,293 
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(5.33) 

Equation (5.33) suggests that the Northern TK progress is (directly) endogenously 

biased towards the less abundant HC. Furthermore, equation (5.33) together with 

equation (4.33b) gives a direct relation between the versatile premium and the domestic 

relative abundance of the two types of HC in both countries: 

and Helpman (1991a, pg. 245) assume that "... the integration of product markets will have no effect on 
the long-run growth rate in either country." 

92 See also the analysis made in the last chapter - subsection 4.6.2 and transitional dynamics. 
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Taking both equations (5.34a, b), then equation (4.33c) remains valid. In addition, 

equation (5.34a) suggests that the relation between the Northern versatile premium and 

the Northern relative stock of HC at work is now less elastic. 

Finally, we can define the relative factor shares as: 
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Since it is expected that SHP(.\w) > VHP(.\w), from equations (5.35a, b) we have 

that the share of the VH in the output, Yz, tends to be greater in the North. 

At time to, the IT of FGs leads to a FGs specialisation of the countries according to 

their CAs. Since due to the IT of IGs they have access to the same TK, each country will 

export (import) relatively more FGs that more intensively use the relatively abundant 

(scarce) HC. The path of each margin between to and the steady state is shown in figure 

5.3 below, which replaces figure 4.2 specific to the IT of IGs alone. The paths are 

primarily explained by the effect of IT on HC accumulation of both types, VH and SH. 

As figure 4.6 shows, IT changes inter-country gaps in favour of the South. Remember 

that Southern HC accumulation is immediately stimulated by higher wages, due to the 

level effect, and from then on continuously adjusts the levels to their higher steady states. 

Since the South improves its economic development level between to and the new 

steady state - measured by the TK gap and by the gap in HC at work relative to the North 

-, it must produce more FGs in steady state. In addition, considering table 5.3, TV must 

increase, whereas N and NVH must decrease. That is, between time to and the steady state 

(i) the number of FGs produced with ST decreases and, thus, the number of FGs 

produced with VT increases; 

' Note that the Southern HC levels also affect the world steady state measure of versatile-specialised-bias. 
294 The same must be true in the South, since the path of each type of HC is the same in both countries. 
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(ii) the South produces and exports more FGs; 

(iii) the North produces and exports a lower number of FGs. 

Figure 5.3. Final goods thresholds - comparative and technology margins 

a) t0 and tss situation b) Paths 

At time t0 : 

0—I 1 1 1 
NSH N NVH 

\ I J 
At the new steady state : 

0 1 1 1 1 
NSH N NVH 

Due to the price channel and not because of the market size channel, in steady state 

(i) the world productive structure or, in other words, the world pattern of FGs 

specialisation, NSH N and JVVH, and relative prices tend to be constant; 

(ii) the use of ST in the world decreases, whereas the use of VT increases - a partial 

Schumpeterian dynamic similar to the static Rybczynski result occurs; 

(iii) relative price of versatile FGs are smaller than at time to', 

(iv) the TK bias and relative wages have steady state dynamics; 

(v) Northern versatile-biased TK increases. 

The path of the versatile-biased TK is crucial to the steady state path of relative 

wages - see equation (5.33) and figures 4.4 and 4.5. In brief, it attenuates the path of 

declining intra-North wage inequality, relative to what would have prevailed under 

autarky, and, after the level effect, redirects the path of the intra-South wage inequality in 

favour of declining inequality - following the same slope as the North. That is, the steady 

state TK bias and wage inequality paths are more moderate with IT - a consequence of a 

Schumpeterian dynamic equivalent to the static Stolper-Samuelson result.295 

Finally, we highlight that (i) a Schumpeterian dynamic equivalent to the static 

factor-price equalisation (also called Samuelson) theorem holds because the North-South 

Note that the static Stolper-Samuelson theorem does not involve any comparison between countries and 
that the IT of FGs itself (i.e., relative to the previous IT regime with IT of IGs alone) does not affect the 
intra-countries FGs price indexes in relative terms when IT starts at time t0 - e.g., equations (2.25c), 
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steady state rates of growth in wages are equalised - see equations (3.14) and (4.55); and 

that (ii) North-South wage levels do not converge completely - i.e., the static factor-price 

equalisation theorem does not hold or, in other words, inter-country wage inequality 

remains - , due to differences in the non-IT related exogenous productivity and due to the 

international immobility of the HC - see equation (4.56). 

In the next section, we explore some extensions to the model. 

5.6. Some Extensions 
5.6.1. Overview 

We proceed to investigate two extensions to the model. In subsection 5.6.2, we will 

discuss the steady state pattern of both the cross-FGs TFP and aggregate TFP differences 

between countries. In subsection 5.6.3, a short analysis of the steady state when countries 

in the world are the North and the Southern stagnant will be dealt with. 

Since, due to the IT of IGs, the use of a new GPT in the production of FGs occurs 

at the same time in both countries, the main results are again condensed in tables 4.4 and 

4.5, according the scenario considered - see Appendix 4, section A4.1. Also the effects 

of a positive shock that increases the versatile-augmenting parameter in the production 

function are similar to that stated in the previous IT regime - see Appendix 4, section 

A4.2. In short, there is no change in the pattern of FGs specialisation in relative terms. 

As to the TFP differences analysis, the North - relatively more HC abundant -

produces a greater number of FGs, but the TFP is the same in each FG produced, 

regardless of the producer country. Thus, FGs specialisation improves Southern TFP, 

because the IT of FGs induces Southern firms to employ the available HC in appropriate 

tasks. However, differences in the HC levels and in the productivity variable A lead to a 

Southern specialisation in a lower number of FGs and a smaller Southern aggregate TFP. 

Under the IT of FGs, even when the South does not have access to imitation, it can 

import higher quality Northern IGs by exporting FGs, where it has a CA. Thus, in a new 

extension to the model, we show that the Southern stagnant country enjoys a static level 

benefit as well as a jump to a new higher steady state growth rate - i.e., immediate 

conditional convergence occurs. Besides, now Northern innovating firms need not worry 

about potential imitation. They behave as in autarky, except that the greater expected 

profits due to increased market size lead to a greater rate of innovation, thus increasing 

(5.25c) and (5.26c). Thus, the paths of wages derive from a Schumpeterian dynamic equivalent to the static 

266 



the world growth rate in relation to the autarkic North. As the Southern TK stops to grow 

- R&D activities cease -, TK divergence between countries unambiguously occurs. 

5.6.2. Final goods and aggregate productivity differences 

Once again, so as to find the origin of the TFP differences between countries, we 

first analyse the steady state pattern of cross-FGs TFP. 

Final goods productivity differences 

By definition of MC?y, of mc?y and of the IGs input in the production of the nth 

F G - Xn(t\m)= [ xn(k,j,t\m)dj - , and equations (5.8a, b) and (5.9a, b),296 we have: 
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Taking into consideration equation (5.36), the output of the nth FG in value terms, 

obtained by multiplying equation (5.19) by FG prices, can be decomposed in two 

components: TFPn and 'physical input' related to IG: 

TFPnP(.\SH)XnP(.\SH)1-a if 0<n<NSH 

TFPnI(.|SH) XnI(.|SH);-a if NSH <n<N 

PnYn=\c TFPnii{vH)Xni(lvH)l-a i f N<n<NVH ' ( 5 - 3 ? ) 

TFPnP(.\VH) XnP(.\VHy-a if NVH<n<l 

where: TFPnZ (. | m)=Azp% g; mmnZ(.\w) 

Equation (5.37) together with equations (5.22a-d), (5.25c) and (5.26c) imply that, 

on a BG path, all FGs in each country have the same TFP: 

Stolper-Samuelson result - i.e., from the endogenous paths of prices which affect the R&D activity. 
296 We can also use equations (5.10a, b) instead of (5.8b) and (5.9b), respectively. 
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TFPnZ(.\SH) 
-1 (5.38) 

TFPnZ(.\VH) 

Additionally, now the TFP is the same in all FGs, regardless of the producer 

country - remember that in the last IT regimes both countries produce all FGs 

domestically and the TFP was greater in the FGs produced in the North: 

TFPnP(.\m) _ 1 a n d s o b y e q u a t i o n ( 5 4 0 ) TFPnP(.\SH) =J 

TFPnI(.\m) TFPnl(.\VH) 

In short, the North - relatively more HC abundant - can produce a greater number 

of FGs, but the TFP is the same in all FG, regardless of the localisation of its production. 

The physical TFP of the nth FG, PTFPn, can also be obtained. Computing the 

relation between the PTFP of the two comparative margins in both countries, since they 

are the unique FGs that can be produced in both countries, it is possible to show that: 
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PTFPNSHI PTFPNMI 
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MC, 

Thus, as a result of the Southern MC of production advantage, the Southern PTFP 

in the comparative margins is greater than in the North. 

Aggregate productivity differences 

Bearing in mind equations (5.6a, b), (5.22a-c) and (5.37), it can be shown that: 
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The comparison between TFPP and TFP] requires solving for transitional dynamics 

through calibration. However, since At>Ap, rm{. \w) > mP(.\w) and, in addition and by 

consequence, the North produces more FGs, the expressions suggest that TFi3/ is greater 

than TFPp, despite the results at the PTFP level in the two comparative margins. 
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Moreover, computing the aggregate output per individual, Y, per HC occupation at 

work, y = {Y [SH+VH]/[SH(.\w)+VH(.\w)]}, and per efficiency unit of HC occupation 

at work, yff = {Y[SH+VH]/[shSH(.\ w) + vhVH(.\w)]}, yields: 
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Equations (5.42a, b) also suggest that the aggregate output per individual, per 

individual working and per efficiency unit of individual working are greater in the North. 

In short, FGs specialisation adds to Southern FGs productivity. This is because the 

IT of FGs induces Southern firms to employ the HC in appropriate tasks when faced with 

the Northern TK. However, differences in HC levels and in exogenous levels of 

productivity lead a smaller Southern aggregate TFP. In particular, improvements in A/ 

increase the steady state world growth rate and widen the aggregate North-South TFP 

differences, and improvements in AP increase the steady state world growth rate and 

reduce the aggregate North-South TFP differences. This may explain why some Southern 

countries, even though they have a low HC level and low aggregate TFP in comparison 

with the U.S., have relatively efficient industries - e.g., Acemoglu and Zilibotti (2001). 

5.6.3. World common steady state growth rate without Southern imitation 

If d > QJm when countries open up to IT of all goods, Southern firms know that 

the expected profits from successful imitation of leader IGs are less than their research 

expenditures - the cost of imitation in very expensive. However, contrarily to the case 

with the IT of IGs in chapter 4, where the Southern country cannot benefit from static as 

well as dynamic gains engendered by IT,297 now the Southern country can import and use 

higher quality innovator IGs by producing and exporting some FGs, where it has a CA. 

As a result, it can benefit from static gains - i.e., when IT of all goods starts, the 

available TK in the South jumps from <2/mto Qf"'- bearing in mind the distinction 

between Southern TK, Qf, and available TK under IT, Qjm . 

Assuming that without IT the Southern stagnant conducted some R&D - its 

reduced TK is however greater than 0 -, when IT starts it stops all activities in R&D and 

"91 I.e., the Southern country cannot export any goods and so, for lack of resources, it cannot import. 
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only becomes a producer of some FGs. That is, as Southern firms are no longer imitating, 

the TK developed domestically will stop growing and Northern firms need not worry 

about potential imitation of their IGs in the South. For this reason, innovating firms 

behave exactly as in the autarky case, except that they expected greater profits as a result 

of the increased market size. In other words, the South's market size positively affects 

expected profits, which become greater than in equation (2.39a), and has no influence on 

the probability of innovation, which is again given by equation (2.38). 

Consequently, there is now a positive market size effect of the Southern market on 

innovation activity, which leads to a greater rate of innovation than in equation (2.54) -

i.e., comparatively to the innovation rate in the autarkic North. This leads to an 

unambiguously greater growth rate common to both countries than under the autarkic 

North in equation (3.4). Although TK divergence occurs between countries, the new 

situation is not adverse to the South since IT allows it to immediately enjoy the benefits 

of the higher quality IGs existing in the North and permits conditional convergence with 

the North at a new higher steady state growth rate. 

In summary, our analysis shows that the IT of IGs can raise the growth rates of all 

trading countries. However, only when there is also IT of FGs, can all the countries in the 

world participate in IT and benefit from it. Thus, an immediate policy implication occurs: 

if the South wants to be on the growth rate frontier it should drop all barriers to IT. 

5.7. Transition to and stability of the balanced growth path 
5.7.1. Overview 

Once again, a steady state world growth rate exists and it is common to both 

countries - see section 5.5. We aim at finding the path of convergence towards the steady 

state, using the fourth-order Runge-Kutta classical numerical method for a set baseline 

parameter values and a set initial conditions. The analysis is very similar to that made in 

section 4.8. Indeed, there is again interdependence between countries, which implies that 

when one is out of the world steady state, so is the other. Thus, they must again be 

analysed together. The difference relative to section 4.8 results from the FGs price 

indexes, which now also reflect the pattern of FGs specialisation. That is, as a result of 

the IT of FGs, now we are also able to analyse the pattern of FGs specialisation. 

In the next subsection, we will find the differential equations and, after that (in 

subsection 5.7.3), we will solve the model numerically. 
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5.7.2. Transitional dynamics for the world: differential equations 

In short, again the differential equations that depict the transitional dynamics to the 

steady state derive from equilibrium in the labour markets, free entry condition into 

R&D, individual utility maximisation with individual optimal time allocation. 

The analysis made between equations (4.73) and (4.79) of subsection 4.8.2 of the 

last chapter remain valid here. That is, the differential equations which describe the 

transitional dynamic of Dx
z, QjVH, QjS" and Qf^/Qj^-Qf/Qf" are the same. 

However, the FGs price indexes are now given by equations (5.25a, b) for the North and 

by equations (5.26a, b) for the South, and not by equations (4.27a, b). 

In order to obtain the dynamic of QJ^IQj -Qf "/Qf " we also need to calculate 

the dynamics of VH(. | w) and SH(. | w), which according to equation (4.75b) follow the 

same path. To this end, we again find first the Southern m-type interest rate and 

afterwards, since the country's interest rate is unique, we equal them. This implies that 

the analysis made between equations (4.80) and (4.86) remains valid as well. Since the 

differential equation (4.86) depends on the FGs price indexes in both countries, here we 

can rewrite it in the following way - omitting for the sake of simplicity both indexes t 

and w [so the HC gaps in must be read as ih{. \ w) ], and bearing in mind that MCi = 1: 
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Where Ri and R2 are defined in equations (5.23a-c). 

Therefore, differential equations (4.74), (4.75a-c), (4.77), (4.79) and (5.43) form 

a system that describes the world transitional dynamics, such that the variables DJ, Dp, 

~ ,VH ~ ,SH 
QJ . Q1 . VH(. I w) and SH(. | w) must be constants in steady state and, consequently, 

so are FGs price indexes and margins - NSH, N and NVH. In addition, we can also easily 
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verify the dynamic followed by DIP1 = D\/DP, where i = 2, 3,4, 5. Using equation 

(4.73) for both countries and taking into consideration the FGs price indexes we obtain -

with some algebra - the following simplified equation for the respective dynamic: 

m (. | w) 
DIP 6 m(.\w) v 29 m(.\w) (5.44) 

Finally, the dynamics of DZ = Dl
z/Dl

z remain given by equation (4.88). 

5.7.3. Solving differential equations for the baseline parameter values 

In view of the system of differential equations which characterise the world 

transitional dynamics, we analyse now the transition to and stability of the steady state 

numerically. Once again, we consider the baseline parameter values in table 3.4 and, in 

addition, that p} = 5 and p2 =0.03 and that IT starts at time t0, when the autarkic North 

reaches the steady state. Table A3.10 in Appendix 3 (subsection A3.3.1) summarises the 

main results by comparing initial and steady state values for the variables. 

The adjustment process is globally stable, and the world steady state is attained at 

the end of 145 years. Hence, comparatively to the previous IT regime, the speed of 

convergence decreases - in the last case, the steady state was reached at the end of 110 

years. This must be caused by the increasing interaction between countries that has now 

expanded to the IT of FGs. The lengthening in the time needed to attain the steady state 

suggests that the transitional dynamic should not be neglected. 

As figures 5.4a, b below reveal, D\ and Dp rise from their initial values, but at a 

decreasing rate until they achieve their steady state values. Thus, during transitional 

dynamics, Ç>f" VHZ (. | w) has outgrown Q\ " SHZ (. | w) or, in other words, DZIDZ is 

positive but declines monotonically towards zero - i.e., the global progress is versatile 

biased. The explanation for these paths is the same as that presented in the last chapter. 

However, the steady state values of D\ and Dp are now greater than in the last IT 

regime - compare the respective values in tables A3.10 and A3.8 in Appendix 3. This is 

because now the FGs price indexes of one country are always influenced by the levels of 

HC at work (and by the MQ of the other country owing to the IT of FGs. Thus, the paths 

of FGs price indexes and, consequently, the intensity of the price channel, are different in 

the two IT regimes. Moreover, the paths of D\ and DP allow us to state that a temporary 

partial Schumpeterian dynamic equivalent to the static Rybczynski result holds. 
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Figure 5.4. Transitional dynamics of D2
Z 

a) In the innovator country; Le., DJ b) In the imitator country; Le., DP 
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Likewise, QJVH and QjS" increase from their initial values (0.30 and 0.35, 

respectively) towards their new steady state values (0.35 and 0.41, respectively), as 

figure 5.5a, b below shows. That is, during the transitional dynamics, the Southern TK 

grows more quickly than the Northern one, but slows down until the steady state is 

reached. However, the introduction of the IT of FGs implies that the steady state values 

for both QJVH and QjSH are now smaller. This indicates that the opportunities offered by 

the imitation activity are now economically less alluring, with implications in the lower 

steady state growth rate - see table A3.10 in Appendix 3. 

Figures 5.5a, b also show that VH(. \w) and SH(. \w) increase from the initial 

values 0.30 and 0.35, respectively, but at a decreasing rate until they achieve their steady 

state values 0.46 and 0.54, respectively. The paths indicate that, initially and in relation 

to the North, the shares of time dedicated to training in the South increase due to higher 

wages and, thereby, the gaps in HC at work widen. Only after time ty do the paths 

change. The behaviour of the gaps in HC at work is also an indicator of the initially small 

incentives to do imitation. Remember that the path of wages depends directly on 

Northern TK progress and the gaps in HC at work affect the Southern imitation capacity. 

The paths of Qjm and m(. | w) imply that only from tj until the steady state does 

the South grow at a higher rate than the North, and the differential falls steadily towards 

the steady state. Thus, from £7 until tus the South narrows the gaps and supports higher 

imitation costs, which pushes growth rates in the world down towards the steady state. 
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Figure 5.5. Transitional dynamics of both human capitals and quality indexes gaps 

a) Versatile side; Le., QjVH and VH(. \ w) b) Specialised side; Le., QjSH and SH(. | w) 
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Comparing the steady state world growth rates in the three IT regimes, we can state 

that (i) IT with Southern imitation improves it; and (ii) a better value is reached under IT 

of IGs alone. Actually, their values are 2%, 3% and 2.8% in the autarkic North (and in 

the South with TK diffusion but without IT), IT of IGs and IT of all goods, respectively. 

Thus, looking only at the steady state growth rates, the desirable IT regime for both 

countries is the IT of IGs alone. This cannot be the case if we consider that the IT of FGs 

improves the imitation capacity by increasing the openness index IT - see the sensitivity 

analysis in the next section. Moreover, the IT of FGs allows the Southern imitator 

country to benefit directly from the levels of HC at work of the North, mirrored in the 

FGs price indexes - or, in other words, in the three threshold FGs (comparative and 

technology margins). In fact, computing numerically the ratios 

'/MTofIGs (h) 
'P.ITofallgoodsV'O (h) 

N P, IT of IGs \l0 (t0) (5.45a) 
VH/ Nv"(t0)-Nò"(t0) 

^7, IT of IGs ( f o ) 

shN**%) +vh YãÁlop!) 
SHP{t0\w) 

1-Nv\t0) Qj do) 
,SH 

Qi (t0) 

' /, IT of all goods (to) 

^l,TTotlGs(to) (5.45b) 

Nv"(t0)-Nò"(t0) sh N(t0)-NÒH(t0) + vh 
VHj(t0\w) 
SH,(t0\w) 

1-NV%0) 
jVH 

Qj (t0) 
,SH 

Qi (to) 

298 This is because we consider that IT of FGs has not influence on the index IT of the catching up term. 
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they are equal to 0.81 and 1.16, respectively. Thus, for the South the dimension of this 

benefit induced by the IT of FGs, together with the long time necessary to reach the 

steady state, can be the desirable situation - i.e., it can dominate the lower steady state 

growth rate. The converse seems to be true for the North, given that it supports a negative 

effect - i.e., the levels of HC at work of the South affect the North negatively - and a 

lower steady state growth rate. In order to be certain, we will analyse welfare below. 

IT of FGs leads to a specialisation of the countries at a FGs level according to their 

CAs. Seeing that they have access to the same TK, at each time, each country will export 

relatively more FGs of the type that more intensively use the relatively abundant HC, and 

import relatively more FGs of the type that more intensively use the relatively scarce HC. 

The path of each margin between to and the steady state is shown in figure 5.6. 

Figure 5.6. Transitional dynamics of the threshold final good, Nz 

a) Path of the comparative margin NSH b) Path of the technology margin N 
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Figure 5.6 confirms numerically figure 5.3 in subsection 5.5.2. As a last resort, the 

paths of FGs price indexes - price channel - under international TK diffusion and IT of 

all goods explain them. In this way, as a direct consequence of the paths of D\ and DP, 

the path of the technology margin, N, indicates that the use of ST in the world decreases, 

whereas the use of VT increases - see figures 5.6b, d and table A3.10 in Appendix 3. 

This is different from the HOS model where 'factor-intensity reversal' is absent. The 

share of specialised and versatile FGs produced by the South increases, shifting from 

8.5% and 9.6% to 9.6% and 11.8%, respectively - see figure 5.6a, c, d and table A3.10 in 

Appendix 3. This is an expected result, since the South-North gaps in HC decrease. 

Once again, despite the level effect in the South at time to, differences in levels of 

HC at work imply that relative prices of versatile FGs are always smaller in the North -

see figures 5.8a, b and table A3.10 in Appendix 3.299 Moreover, in line with the paths of 

D\ and Dp, there is a drop in the relative prices of versatile FGs in both countries. As 

expected, bearing in mind equations (5.25c), (5.24c), (4.24) and (4.23) and that the 

versatile TK bias is now also stronger than before - as we explain below -, the drop is 

now stronger than in the previous regime - see figures 5.7a, b and 4.13a, b. 

Figure 5.7. Transitional dynamics of the relative price of VH final goods, py" / p^H 

a) In the innovator country; i.e., pJH /pjH b) In the imitator country; Le., py
p
H jps
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Figure 5.8 shows the path of the Northern TK bias in autarky and IT of all goods. 

299 Comparing the FGs price indexes in tables A3.8 and A3.10 in Appendix 3, we have as a result that in 
fact in absolute terms the FGs price indexes are now greater than before in the South and are smaller than 
before in the North. This is because now the levels of HC at work of one country affect the FGs price 
indexes of the other. Thus, the South is benefited by the higher Northern HC levels, and the North is 
harmed by the lower Southern HC levels. 

276 



Figure 5.8. Transitional dynamics of 
Versatile-specialised technological bias 
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In accordance with figures 4.3 and 4.14a, since at time to the North-South average 

relative price of versatile FGs is higher than in the North alone, this increases the relative 

demand for versatile-specific new designs, biasing R&D innovation in that direction 

more than without IT - and, comparing figures 5.8 and 4.14a, even more than under IT of 

IGs alone. This bias increases the relative worldwide supply of versatile-specific IGs, 

thereby contributing to a decrease in the relative price of the versatile technology FGs.300 

As would be expected from the previous analysis, the path of the versatile premium 

in both countries, as well as the respective explanation, is similar under IT of IGs alone 

and under IT of all goods - see figures 5.9a and 4.15a. In particular, we can state that a 

Schumpeterian dynamic equivalent to the static Stolper-Samuelson result occurs. 

The international immobility of the HC, the differences in the exogenous levels of 

productivity (directly related with the quality of domestic institutions) and in the HC 

levels between countries imply again that there are wage differentials between them,301 

where the largest difference holds in the wages per unit of VH at work - see figure 5.9b 

and table A3.10 in Appendix 3. However, the wage differences are now smaller than in 

the previous IT regime. This is because of the more efficient allocation of resources -

i.e., HC - in FGs production. In fact, the IT of FGs induces Southern firms to employ the 

available HC in the appropriate tasks in comparison with the Northern TK, which implies 

that the TFP is the same in each FG produced, regardless of the producer country. 

Moreover and as a result, the levels of HC at work (and the MC of production) of one 

country affect the FGs price indexes, and consequently wages, of the other. 

301 

1 As in the previous IT regime, in our baseline case the scenario A described in subsection 4.6.2 occurs. 
Note that more HC at work implies more FGs produced by the country. 
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Figure 5.9. Transitional dynamics of wages 
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Looking at the behaviour of the relative (when compared with the North) real 

wages in the South - see also figure 5.9b - , we can have an idea about the welfare 

change during transitional dynamics. We verify that relative real wages in the South are 

decreasing after time Í7 and, thus, the same must hold in terms of Southern welfare. It 

is interesting to see that, as a result of the increase in the relative wage Wp/w/" - i.e., 

until time tj - , FGs producers in the South lose competitiveness and give their FG 

industries away to the North - see figures 5.6a, c.303 The inverse happens after time Í7. 

According to figures 5.10a, b we observe that DIP after ty and DZ are increasing, 

but at a decreasing rate until the steady state is reached. 

Figure 5.10. Transitional dynamics of DIP and DZ 

a) Of InDIP b) Of InDZ 
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302 Note that as the Southern interest rate must be decreasing during the transitional dynamics, the same is 
expected for the movement of real profits from the IGs sector. 
303 This is also in line with the path of the gaps in HC at work - see figure 5.5. 
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Now higher values are reached than in the last IT regime - compare figures 

5.10a, b and figures 4.16a, b, respectively. The path of DIP shows that in the transitional 

dynamics, the Northern consumption per 'global or large amount of TK' rises. In 

addition, computing the ratio between consumption in both countries - equation (4.89) - , 

there is an increase in the consumption relative of the North during the transitional 

dynamics - see table A3.10 in Appendix 3. This confirms our statement above about the 

relative real wages in the South. In the previous IT regime, Southern individuals 

consume cheap domestic FGs; though, with FGs specialisation, Southern individuals 

consume expensive FGs, produced domestically or in the North. As a result, the South 

loses in terms of relative welfare. 

Accordingly, and contradicting the first impression, it seems to be true that the IT 

of IGs alone is better for the South, and that the IT of all goods can be the desirable IT 

regime for the North. This result makes sense. Indeed, due to the increase in the price 

paid for FGs, the South spends a great amount of resources on consumption and, thereby, 

fewer resources remain for imitation. This may explain why the steady state TK of the 

South and the steady state world growth rate are smaller than in the previous IT regime. 

Computing the ratio between the consumption of each m-type HC in each country, 

obtained from the definition of DZ - equation (4.90) -, there is no relevant change in the 

consumption relative between types of workers - see table A3.10 in Appendix 3. 

Finally, the aggregate TFP difference between countries is now smaller than in the 

previous IT regime. This is due to the more efficient allocation of resources - i.e., HC -

in FGs production and because the level of HC at work of one country influences the 

other, even under international immobility of HC. 

5.8. Sensitivity analysis 

Here, we will carry out the sensitivity analysis under free IT of all goods. Again, 

numerical simulations show that the model's qualitative behaviour is similar if the value 

of each parameter at a time is changed relative to its baseline value, where slight 

differences are attained in the value of the variables in the new steady state. Thus, the 

first conclusion that becomes apparent is that the model remains stable. 

The results obtained are summarised in table A3.11 in Appendix 3. We look 

especially at the differences between IT of IGs and IT of all goods regimes. We observe 

that, in addition to the effects described in the previous chapter, now changes in 
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parameters and initial value of variables affect the welfare relative of countries measured 

by the consumption relative - equation (4.89) - and, due to FGs specialisation, the 

pattern of FGs specialisation is also affected. This being the case, we concentrate the 

analysis on the changes in the welfare relative and in the pattern of FGs specialisation. 

The greater interaction between countries mirrored in a greater openness index IT 

narrows slightly the gap in HC at work. This means that in relative terms the HC at work 

in the South increases, which provokes an increase in the number of FGs produced by the 

South. As expected, taking into consideration equation (4.89), the welfare of the North 

increases in relative terms, although only slightly. 

Analysing the consequences of the reduction in parameter |3p - that is equivalent to 

the increase of international IPRs protection, remember - , we conclude that international 

IPRs protection reduces the number of FGs produced by the South, because the gap in 

HC at work broadens. Moreover, it decreases the welfare in the North, in relative terms. 

The decrease in the probability of successful imitation indicates that some IGs production 

shifts to the North - i.e., in relative terms, it increases the measure of IGs with Northern 

quality leaders - so that the North spends more resources on IGs production. Thus, as in 

the previous IT regime, it harms both countries and, in particular, the North. 

In accordance with table 5.3, a small MCp increases the number of both specialised 

and versatile FGs produced by the North, but the welfare relative of this country 

decreases. This must be due to the increase in the amount of Northern resources spent in 

IGs production, as is suggested by the increase in the TK gap. 

As to the parameters of the convergence term 3 2 (f), when they are high - specially 

parameter p2 - the North produce more specialised and versatile FG, because its HC at 

work increases in relative terms, and observes an increase in its welfare relative. 

In accordance with table 5.3, an increase in the exogenous variable Aj increases the 

number of FGs produced by the North and improves its welfare relative, whereas an 

increase in Ap increases the number FG produced by the South and improves its welfare 

relative. Improvements in the exogenous productivity decrease the share of IGs produced 

by the respective country - see the behaviour of the TK gaps in table A3.11 - and so it 

can spend more resources in consumption. This result confirms that, if possible, the use 

of a new GPT only in one country increases the number of FGs produced by this country. 

A rise in a increases the HC at work of the South in relative terms, which implies 

that the number of FGs produced by the South increases. However, it benefits the North 
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in terms of welfare relative. In fact, this implies that the North produces a lower number 

of IGs and thereby it can spend more resources in consumption. Changes in 0 and p do 

not affect the gap in HC at work and, for that reason, the pattern of FGs specialisation is 

also not affected. However, while an increase in 6 favours the South in terms of welfare, 

changes in p do not affect the welfare relative. 

Changes in the parameters vh and sh have again opposite effects. An increase in vh 

harms the North in terms of welfare, since it uses more resources in IGs production. This 

increases the number of versatile FGs produced by the North (and by the South, although 

only slightly) and decreases the number of specialised FGs produced by the South - table 

5.3 and table A4.1 in Appendix 4. The same results occur after a decrease in sh. 

As to the parameters PE, d, o ; and o2 of the catching up term, we observe that when 

each one increases, the welfare relative of the North improves. However, it is the number 

of FGs produced by the South that increases, due to the drop in the gap in HC at work. 

As to the impact of the HC production parameters on the pattern of FGs 

specialisation, we observe that (i) an increase in ô does not affect it, (ii) a higher (pra, § 

or %s increases the number of FGs produced by the South, due to the reduction in the gap 

in HC at work, and, (iii) for the same reason, an increase in jj decreases the number of 

FGs produced by the South. Apart from %T, increases in each one of these parameters 

improve the welfare relative of the North. Particularly in the case of q>m, <j) and %s this is 

because the North uses less resources in IGs production. 

With regard to changes in the initial values of the variables, we find for example 

that the number of FGs produced by the South increases when the initial value of (i) the 

versatile TK gap widens, (ii) the specialised TK decreases, (iii) the gap in VH at work 

narrows, and (iv) the gap in SH at work widens. In terms of the welfare relative of the 

North, it is for example improved if the specialised TK gap and the gap in VH at work 

fall. Thus, it is confirmed that the steady state depends on the initial conditions. 

Finally, we verify that domestic government intervention widens the gap in HC at 

work, which implies that the number of both types of FGs produced by the North 

increases, but the welfare relative of the North is affected. Actually, in this case the North 

produces a greater share of IGs devoting small resources to consumption. 

In summary, the results in table A3.11 confirm numerically those in tables 4.2 

(comparative steady state analysis) and 5.3 (comparative threshold FGs analysis), and, 
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excluding in the welfare relative analysis, the generality of other results obtained in the 

sensitivity analysis of the previous chapter for the same reasons. 

5.9. Some elements of synthesis 

The aim of chapter 5 is to perceive how the IT of all goods, which, by assumption, 

are traded without any IT costs, affects the structure and the dynamics of international 

TK transfer by imitation, thereby influencing the levels and growth rates of the countries 

as well as prices, wages, welfare relative and the pattern of FGs specialisation. 

Since IT of IGs remains possible, the generality of the results obtained in chapter 4 

remain valid. Basically, they are only distinct in terms of degree. However, the 

possibility of IT of FGs applies to the analysis of the pattern of FGs specialisation and 

leads the way to the participation of the Southern stagnant country in IT. The former 

novelty occupies the central concerns of the chapter, considering then that the countries 

in the world are the North innovator and the South imitator, which has a MC advantage. 

The CA of the countries in the production of FGs is dynamic, which implies that 

the location of FGs production can also change over time - namely the production of 

FGs near the comparative margins. It depends on endogenous TK progress and 

endogenous HC accumulation, which together determine the relative (dynamic) 

productivity of each country in each FG - dynamic Ricardian model -, which, in turn, is 

particularly dependent on the (dynamic) HC levels - dynamic HOS model. 

The Southern stagnant country can now import Northern state-of-the-art IGs by 

exporting FGs. Hence, it can benefit from free IT, since it can benefit from the static 

level gain when IT starts, as well as from a jump to a world growth rate that is even 

greater than in the autarkic North. In fact, in this case, innovating firms need not worry 

about potential imitation and, thereby, they behave as in the autarkic North. However, 

now they have greater expected profits due to increased market size, which leads to a 

greater rate of innovation. Thus, the world (common) growth rate is higher than in the 

autarkic North and so free FT represents improvements for both countries. This is true 

even with world TK divergence, since the TK of the South clearly stops growing. 

We find that (i) the Southern imitator country produces, consumes and exports a 

certain number of both specialised and versatile FGs, and IGs imitated previously that 

had not yet been innovated again; and (ii) the North produces, consumes and exports a 

certain number of specialised FGs, and IGs that had not yet been imitated. In fact, at each 
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time, both countries produce and export a certain number of both types of FGs since they 

always have both types of HC at work. Moreover, it is confirmed that: 

(i) the share of FGs produced by each country increases with higher exogenous level 

of productivity directly related with the quality of domestic institutions; 

(ii) each country exports relatively more FGs of the type that use more intensively the 

relatively abundant type of HC, and import relatively more FGs of the type that use more 

intensively the relatively scarce type of HC - in line with the HOS tradition analysis; 

(iii) the share of FGs produced with ST in the South increases and the share of FGs 

produced with VT in both countries decreases - i.e., the South captures a larger share of 

FGs production - with a greater specialised TK and a greater specialised-augmenting 

parameter - thus reflecting the influence of the Ricardian model in our framework; 

(iv) the share of FGs produced with VT in both countries increases and the share of 

FGs produced with ST in the South decreases - i.e., the North captures a larger share of 

FGs production - with a greater versatile TK and a greater versatile-augmenting 

parameter - reproducing the influence of the Ricardian model in our framework; 

(v) the South produces more FGs at the end of the adjustment process - i.e., in steady 

state than when IT starts - since it becomes more developed (the TK gap and the gap in 

HC at work in comparison with the North decrease). 

The expansion of IT makes countries more interdependent. Now, the output of each 

country depends on the HC levels (and respective structure) of the other directly via FGs 

price indexes and indirectly via the influence of FGs price indexes in the TK progress. To 

sum up, output, prices and wages in one country are more affected by the HC levels in 

the other. When YY starts, in addition the access to Northern TK through the IT of IGs, 

the direct effect of FGs price indexes seems also to benefit the South - it takes advantage 

of the levels of HC at work of the North -, and vice-versa for the North. 

The HC at work in both countries and the Northern TK, which is strongly affected 

by the South, are particularly important in determining the direction of R&D, economic 

growth, prices and wage inequality paths. In spite of the greater interdependence between 

countries, differences in HC levels and in respective structures between countries, when 

free IT of all goods begins, imply that the convergence in prices is only relative: the price 

relative of versatile FGs in the South remains higher. The interdependence between 

countries and the price channel - the market size channel has been removed - , induce 
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more R&D directed at improving versatile TK than in the autarkic North, which 

originates more moderate paths for the TK bias and intra-country wage inequality. 

On its own, the IT of FGs does not affect the intra-countries FGs price indexes in 

relative terms when IT starts at time to, since they are equal under the IT of IGs alone. 

Thus, the static Stolper-Samuelson theorem cannot be applied here. In fact, the paths of 

wages derive from a Schumpeterian dynamic equivalent to the static Stolper-Samuelson 

result - i.e., from the endogenous paths of prices which affect the R&D activity. 

IT strongly benefits the South due to level and growth effects. However, the steady 

state levels of output and so of wages remain different between countries due to the gaps 

in the exogenous productivity and in the levels of HC at work. That is, although the path 

of the inter-country wage inequality favours the South, South-North wage differences 

remain. In fact, in steady state there is maintenance of inter-country wage inequality -

i.e., they grow at the same rate -, which, in turn, implies that a dynamic Schumpeterian 

factor-price equalisation or Samuelson result arises once more. 

As the production of FGs is located in the country which has the CA, the cross-FGs 

TFP is the same regardless of the producer country. However, together, the differences in 

the HC levels and in the exogenous levels of productivity (directly related with the 

quality of domestic institutions) generate a Southern specialisation in a lower number of 

FGs and a greater Northern aggregate TFP. 

As under FT some new GPT is used in both countries at the same time, it does not 

affect the pattern relative of FGs specialisation and, for the same reason, the same occurs 

as a result of a positive shock in, for example, the versatile-augmenting parameter. 

Due to interdependence between countries, when one is out of the world steady 

state, so is the other. The system of differential equations which describes the transitional 

dynamics results from equilibrium in the labour markets, free entry condition into R&D, 

individual utility maximisation with individual optimal time allocation. Using the fourth-

order Runge-Kutta classical numerical method for set baseline parameter values and set 

initial conditions, some interesting related conclusions can be confirmed. 

First, the adjustment process is stable since the system's time path converges to the 

steady state, which is reached at the end of 145 years, and remains there without any 

exogenous perturbation. Thus, the conclusion presented in the previous chapter, that the 

interdependence between countries decreases the speed of convergence, is now 

reinforced - remember that the steady state is reached at the end of 56, 110 and 145 years 
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without IT effects, with IT of IGs alone and with IT of all goods, respectively. The long 

time necessary for the transition implies that it must be taken into consideration. 

Second, during the transitional dynamics phase there is a process of convergence 

between countries since the TK gap and the gap in HC at work narrow - i.e., the South 

grows at a higher rate than the North, but the differential falls steadily. As a result, the 

number of specialised and versatile FGs produced by the South increases by about 17%. 

Third, during transitional dynamics, the versatile TK, together with the VH, grow at 

a higher rate than the specialised TK together with the SH - a temporary partial 

Schumpeterian dynamic equivalent to the static Rybczynski theorem occurs. Therefore, 

the use of ST in the world decreases, whereas the use of VT increases. Hence, in our 

framework, there is 'factor-intensity reversal' contrarily to the static HOS model. 

Fourth, as the North-South average relative price of versatile FGs is higher than in 

the North alone, the relative demand for versatile-specific new designs increases, which 

boosts the relative worldwide supply of versatile-specific IGs. In our baseline case, this 

implies that the versatile premiums decrease, but not as much as without FT effects. Thus, 

the level effect in the South is reverted and the path of wage inequality - in a specialised 

direction - is more moderate than in the autarkic North. To sum up, a Schumpeterian 

dynamic equivalent to the static Stolper-Samuelson result is numerically found. 

Fifth, computing the ratio between consumption in both countries, there is an 

increase in the consumption relative of the North during transitional dynamics. This is 

because FGs specialisation determines that Southern individuals consume more 

expensive FGs - produced domestically or in the North - than before. Therefore, it seems 

to be clear that the South loses in relative terms at the welfare level. 

Sixth, international immobility of the HC, differences in the exogenous levels of 

productivity directly related with the quality of domestic institutions and in the HC levels 

between countries, imply that there are differences in the output levels and so in wages 

between them. 

Seventh, if we compare only the steady state growth rates, we conclude that the 

desirable FT regime for both countries is the FT of IGs alone, where countries grow at 

3% (>2.8%) a year. This cannot be the case if we consider that the rT of FGs improves 

the imitation capacity by increasing the openness index IT. 

Eighth, FT of all goods benefits both countries. The South is benefited because it 

enjoys a strong level effect when FT starts and grows at a higher rate than without FT 
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effects - note that the world growth rate can be even greater than in the previous IT 

regime if the IT of FGs improves the openness index IT. The North is benefited since it 

enjoys a higher growth rate than in autarky and, in relative terms, its welfare increases. 

Numerical simulations show that the model's qualitative behaviour is similar if the 

value of each parameter at a time is changed relative to its baseline value, where slight 

differences are attained in the value of the variables in the new steady state. This attests 

to the stability of the model. In particular, both the number of FGs produced by the South 

and the welfare of the North in relative terms increase when the openness index, the 

Southern MC of production, the specialised-augmenting parameter, the share of HC in 

production, the domestic policies promoting the R&D index, the TK gap threshold, the 

fixed elasticity of the probability of imitation with respect to g2, the distribution 

parameter, the substitutability between the two modes of HC accumulation and the 

productivity at school also increase. The same occurs when, for example, there is an 

increase in the initial value of the versatile TK gap and in the gap in SH at work. 

It would be interesting to find out, in future research, the implications of the 

additional extensions proposed at the end of the previous chapter for the pattern of FGs 

specialisation and welfare relative of countries. 
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CHAPTER 6 

CONCLUDING REMARKS 

We develop a dynamic, general equilibrium model of North-South technological 

knowledge diffusion by imitation, with scale-invariant endogenous growth and human 

capital accumulation. By North and South we mean two countries that differ in levels of 

the non-international trade related exogenous productivity, human capital levels and 

R&D capacity. Bearing in mind the initial differences between countries, which allegedly 

have historical roots, and the additional assumptions, the main purpose is to analyse the 

non-scale effects of technological knowledge diffusion under different international trade 

regimes - without trade effects, trade of intermediate goods alone, and trade of all goods 

- on economic growth and on inter and intra-country wage inequality, checking (i) the 

immediate level effects that arise with international trade, (ii) the steady state effects, and 

(iii) the transitional dynamics and sensitivity analysis results using a numerical method. 

Regarding the productive activity, we follow closely the standard Schumpeterian 

growth model. In the final goods sector, each good is competitively produced by one of 

two possible technologies, versatile and specialised. The former uses versatile human 

capital (school intensive, more productive and more abundant in the North) 

complemented with a continuum set of differentiated versatile-specific intermediate 

goods, whereas the latter uses specialised human capital (OJT intensive) complemented 

with a different continuum set of differentiated specialised-specific intermediate goods. 

As a result of profit maximising limit pricing by the monopolists producers of 

intermediate goods, only the highest quality available of each intermediate good is used. 

Implicitly, we assume that the production function is also the same for intermediate 

goods and R&D sectors, which renders our framework a lab equipment model. 

The intermediate goods sector is composed of monopolistic producers because 

their production involves (i) manufacturing costs that can be subsidised, (ii) plus the 

support of a start-up cost of R&D that can also be subsidised and, which must be paid to 

the firm's shareholders in the form of dividends. Furthermore, we assume that the North 

innovates, the South imitates and under international trade has a marginal cost of 

production advantage and there is domestic but no (at least no complete) international 

IPRs protection. Therefore, without international trade effects, the monopolist producers 
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are the ones that produce with the latest patent in each country since they sell the 

production only domestically, (ii) whereas under international trade, they are the ones 

that produce with the latest patent in the world, since they sell the production worldly. 

In the R&D sector, firms do research to come up with ideas that they develop into 

blueprints for new quality intermediate goods - Schumpeterian R&D - and which are 

feasible from the actual state of the general purpose technology. Our R&D process 

embodies substantive differences from the previous literature of technological knowledge 

diffusion. We assume an autonomous positive learning effect of accumulated public 

technological knowledge from past successful research, an adverse effect of market size, 

which enables us to rule out the scale effects and a specific Southern catching up term, 

itself with some specific features, such as the technological knowledge gap threshold and 

the gap in human capital at work between countries. Due to the catching up term, 

imitation is cheaper than innovation. 

Apart from the endogenous growth debate on the independence between economic 

growth and scale effects, our point of view is helpful in isolating the technological 

knowledge diffusion effects. In other words, we highlight the mechanisms, other than 

market size, by which the international trade bring about North-South technological 

knowledge diffusion and affects growth and wage inequality. In this manner, a larger 

market for technological knowledge does not promote more R&D, which is why just the 

price channel works - i.e., there is only a greater incentive to upgrade technologies to 

produce more expensive goods. Otherwise, the market size channel will encourage 

successful researches for the more abundant type of human capital. 

Similarly, as we wish to focus on international technological knowledge diffusion, 

it seems logical to believe that the South in not too far behind the North. The degree of 

backwardness is incorporated by making Southern imitation conditional to the distance 

from the (Northern) technological knowledge frontier. That is, there is a threshold 

distance beyond which the cost of imitation is infinite. Thus, we consider that only 

Southern countries with smaller technological knowledge gaps find it easier to imitate, 

grow faster and converge to the innovator's income level. 

In particular, the imitation capacity depends on openness to international trade and 

other international trade policies. Also under international trade, a trade-off involving the 

South-North technological knowledge gap results. Southern firms must support R&D 

imitative activity of all quality levels between the current South level and the Northern 
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state-of-the-art intermediate good that they are targeting before they earn profits. Thus, 

the total resources required to bring about successful imitation are potentially greater 

than before. However, a wide technological knowledge gap favours the probability of 

successful imitation since once the threshold technological knowledge is overtaken, the 

backwardness benefits are higher. 

Each country is populated by a unit mass continuum of individuals. In order to 

make a living, they have to create income by selling human capital on the labour market. 

The amount earned is related with their human capital level, and is spent on 

consumption, on loan in return for future interest or on taxes. Thus, individuals decide, in 

a structure of learning or doing (or about their fixed-time endowment), to work or to 

broaden their human capital level. They have perfect foresight about the rate of 

technological knowledge change over time and choose their expenditure paths in order to 

maximise its discounted utility. We thus get a dynamic general equilibrium model, so all 

markets clear throughout time. 

In the educational process, individuals combine schooling and OJT. In both -

schooling and OJT - (i) the human capital accumulation is described by functions à la 

Lucas (1988) and is not an automatic process: it involves time of training during which 

individuals do not work and so entails an opportunity cost calculated in terms of wage; 

(ii) the constant productivity is proportional to the knowledge pool provided by the GPT, 

but is greater at school; (iii) they are both necessary, but they can be substitutes or 

complements; (iv) substitutability indicates that schooling tends to be sufficient in 

providing all the essential skills for production, and vice-versa under complementarity. 

Technologies of accumulation of each m-type human capital diverge in their relative use 

of inputs, so that versatile human capital is relatively school intensive. Furthermore, we 

assume that individuals endowed with high ability accumulate versatile human capital, 

and those with less ability fare better by accumulating specialised human capital. 

In short, we combine Schumpeterian R&D and human capital growth theories, such 

that technological knowledge progress - either through innovation or imitation, 

according to the country - and human capital accumulation are the two driving forces of 

endogenous growth. We contend that this technical structure represents an advancement 

on the standard R&D-based endogenous growth models, since the usual comparative 

static results of Schumpeterian growth theory are still valid, and we can explain various 

other related facts. Moreover, removing the scale effects and considering a production 
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function in which complementarity of inputs is coupled with substitutability between 

technologies becomes central for the effects of North-South technological knowledge 

diffusion on the countries' productive structure, direction of technological knowledge 

progress, growth and wage inequality. 

For example, in cases where either technological knowledge is highly versatile 

biased or there is a large relative supply of versatile human capital, the share of final 

goods using versatile technology is large. In that case, the relative price of versatile final 

goods is low, which, due to the price channel, decreases the incentives to upgrade 

versatile technological knowledge - directed technological knowledge effect - and, thus, 

the growth rate of the price paid (wage) by a unit of versatile human capital. In particular, 

the versatile premium (intra-country wage inequality measure) is greater when 

technological knowledge is more versatile biased, mirroring the directed technological 

knowledge effect, and when versatile human capital is relatively scarcer, mirroring the 

traditional substitution effect. 

Between countries, the versatile premium will be relatively greater in the South, 

when it is relatively abundant in specialised human capital and its available technological 

knowledge is relatively more versatile biased. Thus, we demonstrate that (dynamic) 

human capital composition - in the North, without international trade effects, and in the 

world, with international trade -, which is often neglected in endogenous growth models, 

is important in determining intra-country wage inequality. In addition, since the North is 

always more productive, inter-country wage inequality is at all times favourable to this 

country, but to different degrees, depending on the international trade regime. 

The countries' modélisation did not focus on certain aspects, which remain for 

future work, such as the implications resulting from applying (i) Cournot competition in 

the intermediate goods sector instead of Bertrand competition; (ii) vertical and horizontal 

successful researches together; (iii) R&D cost advantage of leaders over followers and, in 

particular, differences in the catching up term for Southern leaders and followers, as well 

as the hypothesis of diminishing returns in R&D effort possibilities at a firm level; (iv) 

richer assumptions about productivity in the educational process; and (v) the impact of 

governmental policies aimed at increasing directly some or both types of human capital. 

Level effect under international trade 

Under the international trade of intermediate goods, the South is no longer limited 

by its own ability to produce state-of-the-art intermediate goods. It imports state-of-the-
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art intermediate goods that have not yet been imitated, and exports state-of-the-art 

intermediate goods that it has imitated by under-pricing innovator leader firms. As a 

result, technological knowledge diffusion takes place either through imitation or through 

importation and the location of intermediate goods firms can change over time. Each new 

quality is initially produced in the North but then, when imitation occurs, production 

shifts to the South. 

The international trade of intermediate goods pattern relies on technological 

knowledge differences between the countries, which are caused by different R&D 

capacities. This is in line with the Ricardian model, but in a setting of endogenous 

technological knowledge progress, which makes the comparative advantage in 

intermediate goods dynamic. Moreover, as the technological knowledge bias depends on 

the human capital levels, which can change because of endogenous human capital 

accumulation, a dynamic version of the Heckscher-Ohlin-Samuelson (HOS) model is 

also included. In short, the two traditional sources of the comparative advantage -

technology and factor levels - are considered and they are endogenously accumulated. 

Thus, when international trade of intermediate goods starts there is an 

instantaneous level jump in Southern output (level effect), which induces some 

convergence in prices and in the pattern of the final goods productive structure between 

countries. This favours human capital employed in the South by improving its 

productivity; i.e., inter-country wage inequality drops, and higher wages immediately 

stimulate Southern human capital accumulation. However, the Southern convergence is 

not complete due to the maintenance of the gap in the exogenous levels of productivity 

directly related with the quality of domestic institutions and due to the international 

immobility of factors. Furthermore, intra-South wage inequality changes as well. 

Considering that initially the versatile-specific technological knowledge gap is relatively 

larger and bearing in mind that the North is relatively versatile human capital abundant, 

the Southern versatile premium increases. 

From this time on, the growth rates are driven by domestic human capital 

accumulation and Northern technological knowledge progress. The latter is however 

strongly affected by the South. Indeed, demand for intermediate goods also depends on 

the Southern human capital structure and incentives to innovation depend on imitation. 

Thus, the positive effect of the openness to international trade of intermediate goods on 

imitation capacity, the lower Southern marginal cost of production and the initial level 
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effect induced by international trade of intermediate goods, feeds back into the North, 

affecting its technological knowledge through creative destruction and, thus, the growth 

rates. That is, international trade of intermediate goods can increase the Northern 

technological knowledge progress and so wages. 

It can also increase intra-country wage inequality. This is because differences in 

human capital levels between countries when openness to international trade begins 

imply that the convergence in final goods price indexes is only partial: the relative price 

of versatile final goods remains greater in the South. Due to the interdependence between 

countries and to the price channel, this induces more versatile-biased Northern 

technological knowledge progress than in the autarkic North, thus increasing relative 

demand for the complementary input, which is the versatile human capital. 

In addition, when international trade of final goods begins there is an adjustment 

process in the production of final goods in both countries, which seems to increase the 

Southern aggregate output; i.e., it presumably benefits, in particular, from the greater 

Northern levels of human capital at work and respective structure, and vice-versa. From 

then on, each final good is produced by one country, and the location can change over 

time because the comparative advantage is also dynamic. It is essentially dependent on 

the (dynamic) human capital levels - dynamic HOS model. 

As a result, (i) each country produces, consumes and exports a positive number of 

specialised and versatile final goods; (ii) the South also produces, consumes and exports 

intermediate goods imitated previously; (iii) the North also produces, consumes and 

exports intermediate goods that had not yet been imitated. Since both countries have 

access to the same technological knowledge, the share of final goods produced by each 

country is particularly dependent on the respective levels of human capital at work. 

Specifically in terms of final goods production, we find that: 

(i) the higher the exogenous level of productivity directly related with the quality of 

domestic institutions the country has, the greater the share of final goods it produces; 

(ii) each country exports (imports) relatively more final goods of the type that more 

intensively use the relatively abundant (scarce) type of human capital; 

(iii) the share of final goods produced with specialised technology in the South 

increases and the share of final goods produced with versatile technology in both 

countries decreases - i.e., the South obtains a greater share - with greater specialised 

technological knowledge and greater specialised-augmenting parameter; 
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(iv) the share of final goods produced with versatile technology in both countries 

increases and the share of final goods produced with specialised technology in the South 

decreases - i.e., the North captures a greater share - with greater versatile technological 

knowledge and greater versatile-augmenting parameter; 

(v) the South must produce more final goods at the end of the adjustment process (i.e., 

in steady state) since it is expected that it improve both technological knowledge gap and 

gap in human capital at work in relation to the North. 

We stress that (i), (iii) and (iv) are more in line with the Ricardian tradition, 

whereas (ii) is more in line with the HOS tradition analysis. 

International trade of final goods does not affect intra-countries final goods price 

indexes in relative terms when international trade starts, since they are equal to that 

which exists under international trade of intermediate goods alone. Thus, the static 

Stolper-Samuelson theorem cannot be applied here. In fact, the paths of wages derive 

from a Schumpeterian dynamic equivalent to the static Stolper-Samuelson result - i.e., 

from the endogenous paths of prices which affect the R&D activity. 

Interestingly, under international trade of all goods, even if the South is far away 

from the technological knowledge frontier and so unable to imitate, it participates in 

international trade. It immediately uses state-of-the-art intermediate goods, since imports 

become feasible due to the possibility of exporting final goods. This allows the South to 

enjoy the static level benefit as well as a jump to a new higher growth rate. Moreover, as 

Northern innovating firms need not worry about potential imitation, they behave as under 

autarky, except that greater expected profits due to increased market size lead to a greater 

rate of innovation. This, in turn, increases the world growth rate. 

Steady state effects 

Consistent with the majority of the recent empirical growth literature but opposed 

to the prediction of the first-generation R&D-based endogenous growth models, our 

North-South framework displays endogenous steady state growth without scale effects. 

Essentially, the growth rate depends on government policies, on individual preferences, 

and on the technology of final goods production, human capital production and R&D. 

Succinctly, Northern technological knowledge and domestic human capital accumulation 

drive steady state endogenous growth. 

Under international technological knowledge diffusion but without international 

trade, the North commands the constant world steady state growth rate, and it is not 
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affected by the South. Thus, the common steady state growth rate can only be influenced 

by exogenous changes in Northern parameters and variables. Exogenous changes in both 

parameters and variables specific to the South can, however, influence the Southern 

transition to steady state and thus both the technological knowledge gap and gap in 

human capital at work between countries. 

Under international trade, the North also commands the constant world steady state 

growth rate, but, as stated above, it is affected by Southern intermediate goods demand 

and by Southern R&D imitative activity. Specifically, when (i) the impact of openness 

on the probability of successful imitation is strong, (ii) the marginal cost of production in 

the South is low, (iii) international IPRs protection is weak, and (iv) there is no change in 

the (common to the North and South) ad-valorem subsidy rate to intermediate goods 

production between different international trade regimes and, in addition, it is higher, 

then the world steady state growth is higher under international trade. 

In particular, it should be noted that 

(i) international IPRs protection moderates the steady state effect of international trade 

on the equilibrium probability of innovation and so on the world growth rate; 

(ii) subsidies to intermediate goods production and to R&D lead to a permanent 

increase in the world growth rate, but without international trade this is only true for 

Northern government intervention; 

(iii) a more intensive use of the more productive mode of human capital production 

(school) as well as a better productivity of both learning activities lead to a higher world 

growth rate; 

(iv) the greater the substitutability between modes of human capital production, the 

higher is the use of schooling and thus the higher the world growth rate; 

(v) the steady state world growth rate is also affected by the structure of the human 

capital at work and so the influence of human capital on growth occurs through both 

channels, as a flow and as a stock. 

Our framework is still in line with the existing cross-country evidence on growth 

rates. This issue is related to conditional convergence between some countries (upper and 

middle-income countries) and divergence between others (upper and low-income 

countries). Our theoretical explanation is based on the hypothesis that only Southern 

countries with some minimum level of development can appropriate the technological 

knowledge in the North since, only in that case, imitation is cheaper than innovation. 
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Thus, in contrast with the neoclassical growth model, where convergence is entirely 

driven by diminishing returns on capital, our predictions are pessimistic for countries that 

are distant from the technological knowledge frontier, because, in our framework, 

convergence is fully driven by technological knowledge diffusion. 

As described above, under the international trade of final goods, the Southern 

stagnant country can also import Northern state-of-the-art intermediate goods by 

exporting final goods, which, in addition to a level effect, implies that it can benefit from 

a jump to an even greater world growth rate than in the autarkic North. In that case, even 

with world technological knowledge divergence, since the Southern technological 

knowledge stops growing, international trade favours both countries. 

Differences in the world income between countries are in final analysis attributable 

to the distinct total factor productivities (TFPs). In steady state, the Northern aggregate 

TFP is larger than in the South. Excluding the case under international trade of final 

goods, the same is true for the cross-final goods TFP. Concerning the source of TFP 

differences, we find that (i) under international trade of all goods, they come from 

differences in both exogenous levels of productivity directly related with the quality of 

institutions and human capital levels; (ii) under international trade of intermediate goods 

alone, they also follow from the mismatch between Southern technological knowledge 

and human capital levels; and, (iii) without international trade effects, they also result 

from differences in the available technological knowledge. This explains why inter-

country wage inequality decreases when countries are more interdependent. 

In steady state it is also true that: 

(i) the productive structure and relative prices tend to be constants; 

(ii) the technological knowledge and relative wages have steady state dynamics; 

(iii) wages are proportional to the associated available technological knowledge; 

(iv) the technological knowledge bias and the versatile premia are smoothed by 

international trade and their paths are mainly dependent on the magnitude of the level 

effect and on the technology of human capital accumulation; 

(v) a Schumpeterian equivalent to the static factor-price equalisation result arises, 

since wages grow at the same rate in both countries even without international trade; 

(vi) output and wage levels between the North and the South do not converge totally 

since they have different exogenous levels of productivity and different human capital 

levels and the human capital is internationally immobile; 
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(vii) without international trade effects, the North is not affected by the South, rather, 

the inverse is true; whereas, under international trade, they are mutually affected; 

(viii) international technological knowledge diffusion represents a window of 

opportunity for the Southern imitator. 

We analyse the world implications of the use of a new GPT in two different, but 

promising, scenarios: (i) when the new GPT is used in all final goods production at the 

same time in each country, and (ii) when first the new GPT is used in versatile final 

goods production in each country. Under international trade the South is no longer 

limited by its own ability to produce state-of-the-art intermediate goods and the emerging 

phases begin at the same time in both countries. 

In the former scenario, we find three distinct phases without international trade 

effects. In the first, there is a world growth effect, due to the increase in the productivity 

of schooling and OJT activities. In the second, the new GPT is used in the North, thus 

inciting a new growth effect. Moreover, both Northern output level and TFP differences 

between countries increase. In the third, the new GPT is also used in the South. Then, the 

Southern output level increases and the TFP differences between countries decrease. 

Under international trade, there are only two phases. In the first, there is the same world 

growth effect, which increases in the next phase, when there is also a world level effect. 

In the latter scenario, we find five distinct phases without international trade 

effects. In the first, a world growth effect occurs. In the second, the new GPT is used 

only in Northern versatile technology, which leads to a new world growth effect. In the 

North, there is a level effect, the versatile premium increases and the threshold final good 

falls. Both TFP differences and the specialised technological knowledge gap increase. In 

the third, the new GPT is used in all Northern final goods production, and a new world 

growth effect occurs. In the North, a new level effect arises, but now the versatile 

premium falls and the threshold final good increases. The TFP differences and the 

versatile technological knowledge gap grow. In the last two phases, the new GPT is used 

in the South in versatile technology and in specialised technology, respectively. Then, no 

world growth effects emerge. Level effects occur in the South and the TFP differences 

decrease. The conduct of the versatile premium and of the Southern threshold final good 

in phases four and five is equal to that which occurred in phases two and three in the 

North, respectively. Finally, the behaviour of the technological knowledge gap in phases 

four and five is the opposite of that which existed in phases two and three, respectively. 
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Under international trade, there are only three distinct phases. In the first, a small growth 

effect occurs. In the next phases, there are both level and growth effects. In addition, the 

versatile premium increases in the second, but decreases in the third and the opposite 

occurs for the threshold final good. 

We also surmise on the effects of a shock which causes a jump in the versatile-

augmenting parameter in the production function. We find that it has a similar effect to 

that which occurs with the use of the new GPT only in versatile technology under 

international trade - remember that the versatile-augmenting parameter is the same in 

both countries. Thus, a shock in the versatile-augmenting parameter could be other 

explanation for the increase in versatile premium in both countries at the same time. 

Transitional dynamics analysis 

Regardless of the international trade regime, we solve the framework numerically 

by the fourth-order Runge-Kutta classical method, using realistic parameter values in 

view of the empirical literature and our theoretical assumptions. Given the equilibrium in 

the labour market, free entry condition into R&D, individual utility maximisation with 

individual optimal time allocation, we can depict the transitional dynamics for both 

North and South together under international trade or separately without international 

trade effects. We highlight that (i) the time path of the systems converges to the steady 

state and remain there without exogenous perturbations - i.e., the adjustments are stable 

- , (ii) the interdependence between countries reduces the speed of convergence, thus 

increasing the relative importance of transitional dynamics, and (iii) in general, the chain 

of mechanisms under the different cases considered - without international trade effects, 

international trade of intermediate goods and international trade of all goods - are better 

understood and confirmed through the numerical transitional dynamics analysis. 

Without international trade effects the North is unaffected by the South and quickly 

achieves the steady state. In Southern transitional dynamics analysis, we assume that the 

North is already in steady state. When international technological knowledge diffusion 

becomes possible, the South converges instantaneously to a unique stable country 

specific growth path. Nonetheless, its adjustment process only ends when it reaches the 

(world) balanced growth path established by the North. In a normal case, it achieves 

higher growth rates during the transitional phase due to the potential of technological 

knowledge backwardness and, thus, inter-country wage inequality decreases during this 

phase. This makes our framework similar to the neoclassical model, in the sense that in 
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our case the decreasing probability of imitation is analogous to the diminishing returns 

on capital in the neoclassical model. 

As expected, Southern capital gains are only present in the transitional phase, and 

its level of consumption, wages and TFP - across-final goods and in aggregate terms -

increase in comparison with the North. Therefore, an increase in welfare is observed. In 

any case, in steady state, wages and TFP differences remain between countries. Due to 

technological knowledge diffusion, the Northern path of intra-country wage inequality 

also occurs in the South. However, in our baseline case, the versatile premium level is 

greater in the South. 

Under international trade, outside the world steady state, the technological 

knowledge gap between countries changes and they observe transitional dynamics. These 

transition paths depend on the relative technological knowledge levels and on the relative 

human capital levels employed and thus on prices in both countries. In fact, even after 

the initial level effect, the North-South average relative price of versatile final goods is 

higher than in the North alone. Through the price channel - the market size channel has 

been removed - this induces relative demand for versatile-specific new designs, biasing 

Northern R&D in that direction more than in the autarkic North, which, in turn, 

stimulates relative demand for the complementary input, versatile human capital. 

Thus, faced with the autarkic North, the bias increases the world-wide supply of 

versatile-specific intermediate goods, thereby lowering during the transition to steady 

state both relative versatile final goods price and technological threshold in both 

countries - i.e., (temporarily) factor-intensity reversal in the world occurs, contrarily to 

that which is argued by the static HOS model. As the use of versatile technology 

increases during the transitional phase, a temporary partial Schumpeteriam dynamic 

equivalent to the static Rybczynski theorem also occurs. 

The versatile premium immediately rises in the South due to the initial level effect 

and, after that, in our baseline case it decreases in both countries, but not as much as in 

the autarkic North. Thus, the level effect in the South is reverted and the path of wage 

inequality - in a specialised direction - is more moderate than in the autarkic North. We 

confirm that a Schumpeterian dynamic equivalent to the static Stolper-Samuelson 

theorem occurs - since the price effect induced by international trade on wages works by 

technological knowledge change -, and that inter-country wage inequality remains. 
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The interdependence between countries - i.e., from no international trade to 

international trade of intermediate goods and from international trade of intermediate 

goods to international trade of all goods - decreases the speed of convergence. The long 

time necessary to attain the steady state - 56, 110 and 145 years for the South without 

international trade effects, and for the world under international trade of intermediate 

goods alone and under international trade of all goods, respectively - implies that the 

transitional dynamic is important and should not be neglected. Also under international 

trade, the technological knowledge and the human capital at work in the South grow 

more quickly than in the North, but slow down until the steady state. That is, the benefit 

of technological knowledge backwardness together with the strong Southern human 

capital accumulation due to higher wages imply that the South grows at a higher rate than 

the North, but the differential falls steadily towards the steady state. 

Under the international trade of intermediate goods, we have, in particular, that: 

(i) with the baseline parameter values, trade improves the world growth rate; 

(ii) no alteration in the consumption relative of the countries occurs; 

(iii) countries unambiguously register gains - as a result of (i) and (ii); 

(iv) as international IPRs protection decreases the world growth rate and does not 

influence the welfare relative, it serves only to reduce the positive effects of the trade; 

(v) regardless of the country, a winner type of workers at welfare level does not occur; 

(vi) the inter-country TFP difference and wage inequality fall until the steady state. 

Under international trade of all goods, we find that due to the process of 

convergence between the South and the North the share of specialised and versatile final 

goods produced by the South increases, showing that the comparative advantage is 

dynamic. Furthermore, due to final goods specialisation, Southern individuals consume 

more expensive final goods - either produced domestically or not - than before. Thus, 

there is an increase in the consumption relative of the North during the transitional 

dynamics - i.e., in relative terms the South loses at the welfare level. As both countries 

grow at a higher growth rate, the South enjoys a strong level effect and the North 

improves its relative welfare, the international trade of all goods benefits both countries. 

Sensitivity analysis 

Furthermore, the sensitivity analysis shows that, regardless of the international 

trade regime, the model works in a qualitatively similar way for the ranges of parameter 
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values tested. Actually, similar stable saddle paths to steady state are obtained, differing 

only in the specifics levels of the steady state of the variables that they approach. 

We confirm that the world grows faster in steady state the 

(i) higher the non-international trade related exogenous levels of productivity in the 

production function and in the training sector; 

(ii) higher the exogenous ad-valorem subsidies to intermediate goods production and 

to R&D activity; 

(iii) more efficient the R&D sector; 

(iv) more patient and the less keen individuals are on consumption smoothing; 

(v) more intensive the use of the more productive mode of human capital; 

(vi) higher the degree of substitution between the modes of human capital production; 

(vii) lower the depreciation rate of human capital. 

In the autarkic North sensitivity analysis, we analyse attentively the impact of the 

degree of substitution between the modes of human capital accumulation in occupational 

choice between human capital accumulation and production and between schooling and 

OJT. In particular, under substitutability the effort in schooling and in OJT is very 

distinct according to the type of human capital accumulated. Thus, the schooling activity 

tends to be insufficient to evaluate human capital accumulation and growth. This could 

be a theoretical reason for the mixed evidence found by some empirical studies on the 

relation involving human capital accumulation and growth. We further verify 

numerically that government intervention creates strong benefits at the level of 

consumption in the North. 

In the Southern imitator sensitivity analysis (without international trade effects), 

changes in parameters that improve the probability of successful imitation narrow the 

technological knowledge gap between countries. In particular, the Southern incremental 

gain in terms of technological knowledge as a result of an increase in the technological 

knowledge gap threshold - i.e., a decrease in d - , offsets the loss in terms of human 

capital, and the Southern speed of convergence toward the steady state decreases. 

It is also clear that the effects of changes in the initial gaps between countries are 

different, since the relative endowments are also different - we assume that the initial 

relative endowments of the South are greater in specialised technological knowledge and 

in specialised human capital at work. Thus, if the initial specialised technological 

knowledge gap or the initial gap in specialised human capital at work increases, it leads 
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to a greater steady state specialised technological knowledge gap. This is due to the 

diminished opportunities afforded by imitation, reflected in the less time taken by the 

process of transition towards the steady state. If the versatile technological knowledge 

gap or the gap in versatile human capital at work widens, it leads to a slower speed of 

convergence towards the steady state and a narrower technological knowledge gap. Thus, 

sensitivity analysis confirms that the steady state depends on the initial conditions. This 

is true in all situations considered; i.e., in autarkic North and under international trade. 

The less patient and the more keen the individuals are on consumption smoothing, 

the greater the technological knowledge gap and the gap in human capital at work are in 

steady state, and the smaller the time taken towards the steady state. Southern behaviour 

is also sensitive to changes in the parameters of human capital accumulation technology. 

Thus, if the two types of training are complementary, the South reaches a higher level of 

both technological knowledge and human capital at work, and needs less time to 

converge towards the steady state. The converse applies when the two types of training 

are substitutable. It is also clear that the South benefits considerably from improvements 

in the productivity of OJT. Finally, government intervention can improve the 

technological knowledge gap and its consumption relative. 

Under international trade of intermediate goods, we verify that greater interaction 

between countries leads to a small technological knowledge gap, a higher world growth 

rate, and has no effect on the welfare relative between countries. Thus, international trade 

of intermediate goods favours both countries, and specially the versatile human capital 

since the versatile premium increases, while international IPRs protection has the 

opposite effect. Moreover, a small Southern marginal cost of production leads to a 

greater world growth rate, since it implies a higher mark-up for Southern monopolist 

producers providing an incentive for imitation activity and, due to the feedback effect, 

also for the innovation activity. The impact of imitation on innovation is so strong that 

the technological knowledge gap between countries widens, as well as the gap in human 

capital at work. As a result, the TFP differences between countries increase. 

Other interesting results must be remarked upon: 

(i) a greater speed of convergence is obtained with higher world exogenous levels of 

productivity directly related with the quality of domestic institutions, a greater share of 

human capital in production and a smaller productivity advantage of versatile human 

capital over specialised human capital; 
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(ii) the smaller technological knowledge gap is strongly reached with a higher share of 

human capital in production and a wider initial specialised technological knowledge gap, 

as well as with a narrower initially versatile technological knowledge gap; 

(iii) a smaller threshold technological knowledge gap and initial gap in versatile 

human capital at work, as well as a higher initial specialised technological knowledge 

gap and initial gap in specialised human capital at work strongly reduce the gap in human 

capital at work between countries; 

(iv) TFP differences and thus inter-country wage inequality clearly decrease with 

worse Northern exogenous level of productivity, better Southern exogenous level of 

productivity, a higher initial versatile technological knowledge gap and a higher initial 

gap in specialised human capital at work, and a smaller initial specialised technological 

knowledge gap and a smaller initial gap in versatile human capital at work; 

(v) the versatile premium is markedly greater when the human capital share in 

production, the intensity of schooling, the productivity of schooling activities and the 

substitution parameter are small, and when productivity of OJT activities and the 

versatile-augmenting parameter in production function are great and domestic policy is 

implemented. Thus, in particular, this is in line with the consequences of the use of a new 

GPT first in versatile final goods. Moreover, also in particular and regardless of the 

international trade regime, intra-country wage inequality is more likely to prevail when 

changes in the parameters of the production of human capital relatively enhance the 

world accumulation of the type of human capital that is relatively abundant in the South. 

The mechanism is, once again, the price channel effect. 

Improvements in specialised human capital production enhance its accumulation, 

thereby increasing its relative supply and lowering its relative wage, which, in turn, 

incentives its use in final goods production and lowers the relative price of specialised 

final goods. Accordingly, specifically under international trade, the level effect drop in 

the relative price of versatile final goods is in that case not very pronounced. Thus, 

compared with that prevailing in the autarkic North, the North-South average relative 

price of versatile final goods is greater. This accentuates the technological knowledge 

bias in favour of versatile-specific intermediate goods. Hence, with sufficiently 

contrasting parameter values the autarkic Northern path of available technological 

knowledge bias is reverted. In short, a strong improvement in specialised human capital 

production decreases the relative price of specialised final goods, which, in turn, strongly 
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re-directs R&D towards designs for versatile-specific intermediate goods, thus increasing 

demand for versatile human capital. 

As stated, once relative prices of final goods attain their constant steady state 

levels, the only source of intra-country wage inequality is the direction of available 

technological knowledge. Due to complementarity in the production of final goods, the 

steady state's increasing bias in favour of versatile-specific intermediate goods 

determines the steady state path of increasing versatile (human capital) premia. 

Our results can be interpreted in light of the literature on skill-biased technological 

change. In this literature, the bias that causes wage inequality is mainly induced through 

the market size channel. Whereas in our case, changes in the paths of inter and intra-

country wage inequality result similarly from technological knowledge bias, but are 

induced through the price channel, conveniently insulated from market size effects. 

In addition, the international trade of all goods enables us to look at the welfare 

relative of countries and at final goods specialisation. In particular, the share of final 

goods produced by the South and the welfare of the North in relative terms increase 

especially when the openness index, the Southern marginal cost of production, the 

specialised-augmenting parameter, the human capital share in production, the domestic 

policies promoting R&D, the technological knowledge gap threshold, the intensity of 

schooling, the substitutability between the modes of human capital accumulation and the 

productivity at school, also increase. 

The theoretical framework developed in this work can also be extended to explore 

the effects of several other dimensions of international trade, which represent avenues for 

further research. The consideration of (i) different domestic policies - in the North and 

South; (ii) international trade costs; (iii) North and/or South import tariffs and quotas as 

well as export tax, subsidy and voluntary export restraint - and other international trade 

policies; (iv) the establishment of Northern multinationals in the South; and (v) human 

capital mobility from South to North, can be readily incorporated into the model, and 

their effects on technological knowledge progress, growth, wage inequality and pattern 

of final goods specialisation can be examined. Finally, (vi) a formal welfare analysis 

when the international trade of intermediate goods and of all goods are free could be 

introduced into the model in order to analyse the optimal policies that can be used to 

provide policy recommendations for managing North-South international connections. 
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APPENDIX 1 

MAIN MATHEMATICAL NOTATION 

In this appendix, we present the main mathematical notation. First, the generic 

notation is presented. Afterwards, the notation related with production of FGs and of IGs. 

Next, the notation related with R&D sector and, in the end, the notation related with 

individuals and HC accumulation. 

Generic notation 

gr. Economic growth rate; 

/: Innovator country or the North; 

P: Imitator country or the South; 

r. Interest rate; 

ss: Steady state; 

t. Period of time; 

Z: Country, Ze{I,P}. 

Final goods and intermediate goods production notation 

a: HC share in production, ae(0,l); 

m : Versatile, vh, and specialised-augmenting, sh, parameters, m = vh,sh, vhlsh>l\ 

ft '■ Profits per HC for the producer of good; 

II : Profits for the producer of good; 

A : Productivity variable dependent upon country institutions, A >0 ; 

;': Specific IGJe [0,JVH] or je [0,JSH] ; 

J"" Number of IGs used with m; 

k: Particular rung of a quality ladder at which an IG is located; 
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m: Type of the HC, m = VH, SH; i.e., versatile or specialised; 

MC: Marginal cost of production; 

n: Final good producing firms, ne [0,1]; 

N: Threshold final good or comparative margin; 

Nm: Comparative margin; 
pm Final goods price index; 

Pn- Price of final good n ; 

<ï- Size of quality improvements with each upgrade of a particular IG ; 

Çf: Domestic aggregate quality index; 

RS: Total R&D expenditures; 

SH: Specialised HC; 

sh: Specialised-augmenting parameter; 

sr: Ad-valorem subsidy at the R&D ; 

Sx- Ad-valorem subsidy at the production of IGs ; 

VH: Versatile HC; 

vh: Versatile-augmenting parameter; 

wm: Price paid for unit of m-type HC ; 

X: Aggregate demand for the highest quality IGs; 

x: Quantity demanded of IG; 

Y: Final goods output. 

R&D sector notation 

Ç : Fixed cost of R&D due to increasing complexity of quality improvements; 

P : Positive coefficient on past research experience; 

£ Measures the effectiveness of all costs related with scale increasing in R&D; 

£ Measures the effectiveness of all costs related with scale increasing in R&D; 
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Tz- Takes the values Tz=0 for Z = / and Tz = 1 for Z=P; 

<E>Z: Experience-adjusted pbz, 

Gj : 'Semi-elasticity' oïpbp with respect to the gap in HC at work; 

in : South's relative level of m-type HC; 

Qjm : Relative TK level of the South's m-specific IGs - Qjm e ( 0,1 ) ; 

õ2 : 'Semi-elasticity' of the probability of imitation, pbp, with respect to g2(-)', 

II : Expected present discounted flow of net profit; 

btp : Catching-up term - backwardness, IT and policies promoting R&D -; 

cp: Adverse effect - cost of complexity - caused by the increasing complexity; 

d: TK gap threshold de (0,1); 

EX: Exports per HC ; 

FTFP: Foreign total factor productivity; 

gi: Human capital gap function in the catching-up term; 

g2'. Quadratic function that relate the backwardness hypothesis; 

//: Domestic learning by past R&D; 

lm: Adverse effect of market size; 

M: Imports of machinery and transports equipment per HC; 

PB(x): Cumulative probability density function for Tk(j,t\my, 

pb: Instantaneous probability of successful research; 

rs: Resources devoted to R&D; 

RS: Total R&D expenditures; 

Vz: Expected actual value of profits of the IG producer - market value of the patent; 

S(m): Proportion of IGs with production in the North, under IT; 

Y(m): Proportion of IGs with production in the North that face imitator competition; 

E;(r | m) : Share of IGs imitated before t and which are not successfully innovated again; 

E2(f | m) : Share of losses for the South in production of IGs due to successful innovations. 
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Individuals and human capital accumulation notation 

[i: Costate variable measuring the shadow price of the state variable K; 

X: Costate variable measuring the shadow price of the state variable m; 

9: Inverse of the intertemporal elasticity of substitution, 0 > 0; 

p: Subjective discount rate, p > 0; 

(j): Substitution parameter on H C accumulation function, §E]-°°,0[\J]0,1]; 

iK: Ad-valorem tax on assets income; 

(pm: Distribution parameter on H C accumulation, cp > 0 and (pVH > cp5i/; 

ôm : Depreciation rate of the m-type H C ; 

%s: Efficiency parameter measuring the productivity of schooling; 

1T: Efficiency parameter measuring the productivity of OJT activities; 

%w: Ad-valorem tax on HC income; 

a : Cognitive ability, talent, intelligence or learning capacity, ae [0,1 ] ; 

C : Aggregate consumption ; 

c : Individual consumption; 

K: Asset holdings; 

OJT: OJT activity; 

school: Schooling activities; 

us: Amount of time allocated in the school, us e [0,7]; 

ur. Amount of t ime allocated in the OJT, uT e [0,1]; 

uw: Amount of t ime allocated at work, uwe [0,1]. 
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APPENDIX 2 

OTHER CONSIDERATIONS WITHOUT 
INTERNATIONAL TRADE EFFECTS 

A2.1. Two alternative catching up specifications 

On the topic of the catching-up term in equation (2.34) we presume the two 

following initial alternative specifications also considered in transitional dynamics: 

btpP(k,j,t\m)--
V.exp[PE + IT] exp{ag [m(t \ w), Qjm (t), d]} 

and 
2:exp[PE + IT]{g1[(m(t\w)]f'{g2[Qjm(t),d]f^J"''t) 

(A2.1) 

Where: 

g[m(t\w),Qjm(t),d) = 

f 0 , if 0<QJ\t) <d' 
\m(t\w)[-Qjm(t)2 + (l + d)QJ\t)- d] ,if d<QJ\t) <1 

* 
õ>0,0<Qjm(t)<l, õj>0, o*2[Qjm(t)] = õ*21+-^-,õ*21>0 mda*22>0. 

QJ\t) 

A2.2. Steady state growth without HC accumulation 

Without HC accumulation, the steady state endogenous growth is only driven by 

TK progress. In fact, in this case, instead of equation (3.1), we have that: 

QJ Y X RS C c 1 (]-TK)rss-p gr (A2.2) 
Qjm Y X RS C c e 

Where QJ" IQr is given by equation (2.54), and the steady state South-North TK 

gap is constant. Thus, we set the growth rate of consumption derived from individuals' 

optimisation equal to that of domestic TK - since due to the aggregate budget constraint, 

C is a constant multiple of Q - to find the steady state interest rate in each country. Thus, 

Cz 
exp(PE+IT) g,0a' g2(.)° 

rz 
!-sxz 

_ l - s r Z 

Í A 

I ? J 
pmAz(l-a) 

m q{a >-l e+p 

U-TK) + q{al-l 

(A2.3) 
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The steady state growth rates result from plugging the steady state interest rate in 

equation (A2.2) into the Euler equation (2.64). 

Similarly and in short, under IT and without HC accumulation, since Y in both 

countries is increasing in Qh both countries will be growing at the growth rate of 

Northern TK. In this case, X, RS and C in both countries are constant multiples of the 

Northern TK. For this reason, setting the growth rate of Qi derived using the equilibrium 

probability of successful innovation equal to the growth rate of consumption from 

individuals' optimisation yields an expression for the steady state world interest rate. 

Then, the steady state world growth rates result from plugging the resulting steady state 

interest rate into the Euler equation (2.64). 

A2.3. Overview of the effect on wages of a rise in iw-type human capital 

In equilibrium wSH and wVH depend on the square root of the ratio between the 

availability of the two types of HC employed pondered by the respective quality index: 

^VH(.\W)QJVH/SH(.\W)QJSH and ^SH(.\w) QjSH/VH(.\w) QJV" - equations (2.29a, b). 

Thus, for example, an exogenous increase of SH(.\w) leads to decreasing direct marginal 

returns. This is the substitution effect, which, all else being equal, makes the economy 

move along a downward sloping demand curve. This curve can be called the 'short run 

demand curve', as shown in figure A2.1 below. Conversely, as a fraction of SH(.\w) 

increases, w should increase. That is, for a given state of TK, the relative factor reward 

is decreasing in the relative factor supply: the less abundant one substitutes the more 

abundant factor, and its relative marginal product falls. 

However, more SH(.\w) implies that pSH relative to the price index pVH decreases; 

i.e., it induces a price effect - equations (2.21) and (2.22) -, which generates a change in 

the direction of TK progress that, in the long run, increases Q by an offsetting amount. 

Thus, in the long run the square root of the ratio between the availability of the two types 

of HC employed pondered by the respective quality index remains constant. 

We call this last effect induced by the price channel as directed TK effect (DTE), 

meaning that each firm can decide whether to direct its research effort to improving the 

quality of versatile IGs or to improving the quality of specialised IGs. The direction of 

the endogenous TK progress - i.e., the versatile-specialised TK bias - depends on the 

relative price of the versatile-specific FGs. In the long run the substitution effect is 
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cancelled by the DTE, resulting in a constant 'long run demand curve', as the 

comparative static analysis in figure A2.1 shows - see also equation (2.29a, b). 

Figure A2.1. Change in price paid for a unit of m due to a 
shift in m supply 

w 

Short run 
response 

Short run demand curves Shift due to DTE 

Long run demand 

Shift in supply 

As a result of equation (3.2) and (2.30), the FGs' price index is constant in steady 

state and the comparative static analysis in figure A2.2 below holds. 

Figure A2.2. Long run change in price paid for a unit of m 

wm(ti) 

wm(t0) 
Shift in wm due to m-specific TK change 

m 

What becomes interesting in the versatile premium, W, is the fact that the 

substitution effect is not cancelled by the DTE. It is reinforced - see the comparative 

static analysis in figure A2.3 below. For example, with all else being equal, an increase 

in the supply of VH(.\w) first moves the economy along a short run relative downward 

sloping demand curve, reducing W. The relative supply change also decreases the relative 

price pVH - equations (2.21) and (2.22) - and induces a change in the direction of TK 

progress that increases Q and so a shift of the short run relative demand curve. Thus, 

W first falls (short run) and then falls again (long run, due to TK change). Hence, short 
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run relative downward sloping demand curves are more elastic (less negatively sloped 

curves) than the resulting long run relative downward sloping demand curve. 

In brief, in the long run, wVH remains constant, in line with figure A2.1, but wSH 

increases due to the increase in Q , in accordance with figure A2.2, and so wVH/wSH 

falls - figure A2.3. Hence, the effect of HC accumulation on inequality occurs because 

HC investment affects factor proportion, which has an impact on relative wages. As VH 

accumulates, the aggregate share of VH rises so that the relative price of VH falls. 

Figure A2.3. Change in the versatile premium due to shift in 
relative supply of versatile HC 

wVH(t0) 
wS"(t0) 

W W ( Í / ) 

wSH(tl) 

0 Shift in relative supply VH/SH 

The above analysis is true because of the value of the exponents in equation (2.32). 

They result from the gross substitutability between technologies, ST and VT, together 

with the complementarity in the use of inputs, HC and IGs. Thus, for example, the effect 

of QJVH and VH{.\w) on W depends on the exponent in QJVH/QJS" and 

VH(.\w)/SH(.\w), respectively. When it is greater than 0, as is the case for QJVH/QJSH , a 

relative increase in QjVH increases W, and vice-versa when it is smaller than 0, as is the 

case of VH(.\w)/SH(.\w). When the two technologies are gross substitutes, m-

augmenting TK change is also ra-biased - for example, increases in QJVH increase the 

marginal product of VH more than the marginal product of SH. 

The analysis in section 2.6 suggests that VH/VH > SH/SH, above all when 

schooling and OJT are substitutes. If so, in the short run, wVH and wSH fall due to the 

substitution effect - see figures A2.1, A2.4 and A2.5 - , where the drop in the former 

wage is greater due to the expected greater increase in VH(.\w), which more strongly 
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decreases its direct marginal returns - see equations (2.29a, b). However, in the long run, 

the DTE 'works in two ways' and w and wSH rise above their initial values. That is, 
SH more VH(.\w) decreases p relative to p - equations (2.21) and (2.22) - , which 

^JSH VH increases Q by an offsetting amount - w is driven to its initial values, see figures 

A2.1, A2.4 and A2.5. This increase in Q increases w - equations (2.29a, b) and/or 

equation (2.30). The same occurs with more SH(.\w) and so their final values exceed the 

initial values - figures A2.2, A2.4 and A2.5. In the end, the W falls as in figure A2.3. 

Figure A2.4. Dynamics of w SH Figure A2.5. Dynamics of w VH 

VH 

Shift in supply Shift in supply VH 

Note that, without IT effects, if the relative increase of m(.\w) holds in the South, 

the adjustment process induced by both the substitution and price effects will occur only 

in that country. However, if the relative increase of m(.|w) holds in the North, it will 

affect the South, since the 'imitation capacity' for each ra-type of IGs depends on the 

respective gap in HC at work between countries. Even so, at the end of the adjustment 

the availability of the two types of HC employed in productive activity balanced by the 

respective quality index remains constant in both countries. 
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APPENDIX 3 

TABLES AND GENERIC FIGURES OF TRANSITIONAL 

DYNAMICS AND SENSITIVITY ANALYSIS 

In this appendix, we present the tables and some figures which summarise the 

results of transitional dynamics and sensitivity analysis under all IT regimes - i.e., no IT 

effects (section A3.1), IT of IGs alone (section A3.2) and IT of all goods (section A3.3). 

A3.1. Transitional dynamics and sensitivity analysis under no trade effects 

A3.1.1. Transitional dynamics in the North 

Table A3.1. Comparing initial and steady state values of the variables 

Variable 
Scenario 1 Scenario 2 

Variable 
Initial Steady state Initial Steady state 

Di_QÍVHVH,(.\w) 
Qf" SH,(.\w) 

1.00x1.00 = 1 -J! 
0.95x0.95 

3.04x1.88 = } 94 
2.90x1.59 

1.00x1.00 = } ^Q 
0.85x0.85 

2.90x0.99 = ] 9 4 

2.75x0.84 

D],D] 0.37 0.15 0.37 0.29 

DUD5, 0.37 0.16 0.37 0.26 

uwI(.\VH) 0.32 0.66 0.57 0.67 

uwI(.\SH) 0.35 0.71 0.58 0.71 

PT 0.80 0.79 0.77 0.79 

pf 0.87 0.89 0.90 0.89 

N, 0.46 0.45 0.44 0.45 

W, 1.098 1.031 1.089 1.037 

C,(.\VH) 0.37 0.84 0.37 0.84 

C,(.\SH) 0.33 0.76 0.27 0.62 

Pb,(.\VH) — 0.036 ... 0.036 

Pb!(.\SH) — 0.038 — 0.038 
Interest rate, rt — 0.05 — 0.05 
Growth rate, gr — 0.02 — 0.02 

Note: the steady state is reached after 27 years. 
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A3.1.2. Transitional dynamics in the South 

Table A3.2. Initial and steady state values of the variables under all catching up terms 

Variable 

Catching up specification 

Variable Benchmark Alternative 1 Alternative 2 Variable 

Initial Steady state Initial Steady state Initial Steady state 

~ ,VH 

QJ 0.30 0.55 0.30 0.55 0.30 0.55 

~ ,SH 

QJ 0.35 0.64 0.35 0.64 0.35 0.64 

VH(.\w) 0.30 0.39 0.30 0.24 0.30 0.12 

SH(.\w) 0.35 0.45 0.35 0.28 0.35 0.14 

D2
P* 0.20 0.13 0.20 0.13 0.20 0.13 

uwP(.\VH) 0.44 0.66 0.51 0.66 0.49 0.66 

uwP(.\SH) 0.47 0.71 0.53 0.71 0.52 0.71 

Time — 56 — 235 — 482 

< / < 0.152 0.279 0.152 0.279 0.152 0.279 

< / < 0.151 0.277 0.151 0.277 0.151 0.277 

CP(.\VH)b) 

C,(.\VH) 
0.05 0.19 0.05 0.11 0.05 0.06 

CP(.\SH)b) 

C,(.\SH) 
0.07 0.23 0.07 0.15 0.07 0.07 

TFP^.\SH) 

TFP^(.\SH) 
0.16 0.27 0.16 0.21 0.16 0.14 

PTFPnP(.\SH) 
PTFPnl{.\SH) 

0.17 0.29 0.17 0.22 0.17 0.14 

PTFPnP(.\VH) 
PTFPnl(.\VH) 0.16 0.27 0.16 0.20 0.16 0.13 

yss ss 
'p _ yp 
•uSS , , J i 
'i yi 

0.05 0.12 0.05 0.07 0.05 0.04 

Notes:a) Considering the same initial value for DP, DP, DP, DP, then they have the same dynamic; 
b) Supposing that scenario 1 holds in the North; 
Regardless of the time t, p

v
p
H = 0.&2, p

s
p
H = 0M and NP = 0.49; 

Recall that in steady state pbi ( m ) -pbP( m ), rt = rP and grl - grP ', 
Recall still that when TK diffusion starts (considering scenario 1 in table A3.1) WP > Wf. 

wv" ws" 0.152 
0.151 

o i V p = ^ = ^ x l . 0 3 1 = 1.034>1.031=^ 
wl" 0.151 w 

■ W,> 

The TFP differences evaluate equations (3.19), (3.22a), (3.22c) and (3.24a), respectively. 
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A3.1.3 Sensitivity analysis to the baseline results of the North 

Table A3.3. Qualitative and quantitative results of sensitivity analysis 

Parameter Value Timea) 
D\ D2, ti uwI(VH) uwI(SH) grl 

A, 
[0.05-2.5] 

0.85 
1.76 

i 
65 
25 

i 
1.30 
1.23 

î 
0.00 
0.40 

T 
0.00 
0.45 

î 
0.39 
0.85 

î 
0.41 
0.87 

T 
0.00 
0.03 

a 
[0.01-0.99] 

0.25 
0.70 

Î 
20 
45 

Î 
1.21 
1.27 

î 
0.02 
1.56 

T 
0.02 
1.79 

T 
0.47 
0.68 

T 
0.47 
0.73 

i 
0.06 
0.01 

fc 

[1.00-5.00] 
1.00 
5.00 

i 
35 
16 

1 
1.25 
1.21 

i 
0.21 
0.10 

i 
0.24 
0.11 

i 
0.67 
0.66 

i 
0.73 
0.71 

T 
0.01 
0.10 

e 
[0.50-2.50] 

0.80 
2.00 

—» 
27 
27 

—» 
1.24 
1.24 

0.15 
0.15 

-> 
0.16 
0.16 

î 
0.44 
0.86 

T 
0.47 
0.82 

1 
0.03 
0.01 

p 
[0.01-0.05] 

0.01 
0.04 

-> 
27 
27 

-> 
1.24 
1.24 

—> 
0.15 
0.15 

—» 
0.16 
0.16 

î 
0.22 
0.87 

î 
0.24 
0.93 

1 
0.04 
0.01 

Ô 
[0.00-0.06] 

0.00 
0.05 

27 
27 

—» 
1.24 
1.24 

i 
0.28 
0.05 

0.31 
0.05 

i 
0.77 
0.48 

i 
0.81 
0.51 

i 
0.03 
0.01 

(pra 
[0.51-0.99] 

0.51 
0.96 

-> 
27 
27 

î 
1.20 
1.50 

T 
0.14 
0.36 

T 
0.15 
0.49 

i 
0.70 
0.49 

T 
0.68 
0.72 

î 
0.02 
0.04 

Is 
[0.07-0.30] 

0.07 
0.20 

—> 
27 
27 

T 
1.20 
1.45 

T 
0.13 
0.29 

T 
0.12 
0.38 

i 
0.72 
0.52 

T 
0.74 
0.66 

T 
0.02 
0.03 

IT 
[0.03-0.09] 

0.03 
0.09 

—> 
27 
27 

1 
1.31 
1.20 

î 
0.09 
0.18 

î 
0.11 
0.19 

i 
0.78 
0.58 

i 
0.98 
0.61 

T 
0.01 
0.02 

4> 
[-oo-1.00]b> 

-10.0 
0.90 

i 
30 
24 

î 
1.20 
1.39 

T 
0.14 
0.18 

T 
0.15 
0.22 

i 
0.69 
0.60 

T 
0.65 
0.78 

T 
0.02 
0.02 

Notes: î , i, and —» means that an increase in the parameter results in a monotonous increase, 
decrease and level off in the variable, respectively; 
a) Column 3 gives the number of years to reach the steady state; 
b)Intruec|)E ]-«>, 0 [ u ] 0 , 1 ] . 
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Figure A3.1. Technological knowledge bias and intra-country wage inequality 

a) Versatile-specialised TK bias b) Versatile premium 

In In 

time time 

The baseline case in clear from table A3.1 by computing the versatile-specialised TK bias and by looking 
at term W;. In this case, the price channel operates in favour of the relative scarce HC, SH. 
Case A holds when A/ and P/ are higher, a is smaller and when it is relatively easier to accumulate SH -
i.e., when <|), (pVH and %s decrease and when %T increases. Thus, in case A, the strong reversal of the price 
channel effect redirects the path of the relative wage premium in favour of VH. 

Table A3.4. Consumption under post and pre-policy conditions 

Situation 
Parameter and its 

Gr 
Level of consumption 

Situation 
value 

Gr Initial At timer = 27 Situation 
value 

Gr 

C,{VE) A C,(SH) A C,(VH) C,(SH) 

Post 

Policy 

sx = 0.60, 

sr = 0.30 

1^=0.35 0.06a) 

0.37 — 0.33 — 
1.58 1.43 Post 

Policy 

sx = 0.60, 

sr = 0.30 %K = 0.00 0.08b) 
0.37 — 0.33 — 

6.58 5.95 

Pre 

Policy 
s . =s. =%v = 0 0.02 

0.70 0.33 0.63 0.30 1.58 1.43 Pre 

Policy 
0.02 

2.92 2.55 2.89 2.56 6.58 5.95 

Notes: A measures the level of variation in the initial consumption necessary to get the individuals 
indifferent between pre and post policy conditions; 

a) and b) the corresponding interest rates are 0.14 and 0.11, respectively. The link between growth 
and interest rates is not inconsistent due to the role of the ad-valorem assets income tax. Lower 
xK decreases the interest rate, and thereby accelerates the TK progress, since a lower interest 
rate decreases the discount rate. 
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A3.1.4 Sensitivity analysis to the baseline results of the South 

Table A3.5. Some quantitative results of sensitivity analysis 

Value js b) ~ ,VH 

Q
J Q

J 
VH SH 

AP 

0.99 
1.01 
1.10 

56 
56 
57 

0.54 
0.56 
0.65 

0.63 
0.65 
0.76 

0.41 
0.38 
0.34 

0.47 
0.45 
0.39 

a 

0.59 
0.61 
0.70 

56 
56 
56 

0.56 
0.55 
0.37 

0.65 
0.64 
0.43 

0.40 
0.38 
0.30 

0.47 
0.45 
0.35 

P* 
0.99 
1.01 
1.10 

56 
56 
57 

0.55 
0.56 
0.61 

0.64 
0.65 
0.71 

0.39 
0.39 
0.39 

0.46 
0.45 
0.45 

PE 
0.24 
0.26 
0.30 

56 
56 
57 

0.54 
0.56 
0.56 

0.63 
0.65 
0.65 

0.39 
0.39 
0.39 

0.46 
0.45 
0.45 

d 
0.09 
0.11 
0.15 

56 
55 
53 

0.55 
0.55 
0.55 

0.64 
0.64 
0.64 

0.39 
0.39 
0.39 

0.45 
0.45 
0.46 

Õ; 
0.20 
0.30 
0.35 

56 
56 
56 

0.54 
0.57 
0.58 

0.62 
0.66 
0.68 

0.39 
0.39 
0.39 

0.45 
0.45 
0.45 

ã2 

0.25 
0.35 
0.40 

59 
52 
35 

0.45 
0.65 
0.76 

0.53 
0.76 
0.88 

0.39 
0.39 
0.40 

0.45 
0.45 
0.47 

e 
1.04 
1.06 
2.00 

57 
56 
54 

0.55 
0.55 
0.54 

0.64 
0.64 
0.64 

0.40 
0.38 
0.14 

0.46 
0.45 
0.16 

p 

.029 

.031 

.035 

56 
56 
55 

0.55 
0.55 
0.54 

0.64 
0.64 
0.64 

0.41 
0.38 
0.30 

0.48 
0.45 
0.35 

Value fss b) 
Q

J ~ ,SH 

Q
J VH SH 

8 
.019 
.021 
.025 

57 
56 
55 

0.54 
0.56 
0.59 

0.63 
0.65 
0.68 

0.41 
0.38 
0.31 

0.48 
0.44 
0.36 

(p
w 

0.59 
0.61 
0.65 

56 
56 
56 

0.55 
0.55 
0.54 

0.64 
0.64 
0.63 

0.39 
0.39 
0.40 

0.46 
0.46 
0.46 

Is 

.089 

.091 

.100 

56 
56 
56 

0.55 
0.55 
0.53 

0.64 
0.64 
0.62 

0.39 
0.39 
0.42 

0.45 
0.46 
0.49 

IT 

.069 

.071 

.080 

56 
56 
56 

0.55 
0.55 
0.54 

0.64 
0.64 
0.62 

0.38 
0.40 
0.46 

0.45 
0.46 
0.54 

♦ 
-10.0 
0.20 
0.90 

55 
57 
58 

0.57 
0.55 
0.49 

0.66 
0.64 
0.57 

0.40 
0.39 
0.39 

0.46 
0.45 
0.45 

r « a ) 
0.29 
0.31 
0.35 

56 
56 
55 

0.56 
0.54 
0.53 

0.67 
0.62 
0.53 

0.40 
0.38 
0.35 

0.47 
0.44 
0.40 

r
H a ) 0.34 

0.36 
0.40 

56 
56 
57 

0.55 
0.56 
0.57 

0.62 
0.67 
0.76 

0.38 
0.40 
0.46 

0.45 
0.46 
0.53 

VH
a) 

0.29 
0.31 
0.35 

56 
56 
55 

0.56 
0.55 
0.53 

0.65 
0.64 
0.62 

0.38 
0.40 
0.41 

0.46 
0.45 
0.41 

S~H
a) 

0.34 
0.36 
0.40 

56 
56 
57 

0.55 
0.55 
0.57 

0.64 
0.65 
0.67 

0.39 
0.40 
0.42 

0.44 
0.47 
0.57 

Notes: a) Relates the initial values of QJ™, QJ$H, VH(.\w) and SH(.\W) tested; that is, QJ™(0), 

QjSH{0), VH(01 w) and SH(0 \ w) ; 
f reports the effect on the number of years it takes for the economy to achieve its steady state. 

Remember for parameters common to both countries (a, 6, p, Ô, <pra, %s, %j- and ())) here we 
consider that they change only in the South. 
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Table A3.6. Quantitative results of sensitivity analysis under all catching up terms 

Value JSSb) 
Benchmark Alternative 1 Alternative 2 

Value JSSb) 

QJ QJ VH SH 
~ ,VH 

QJ QJ 
VH SH 

~ jVH 

QJ ~ ,SH 

QJ VH SH 

AP 
0.99 
1.01 + 

0.54 
0.56 

0.63 
0.65 

0.41 
0.38 

0.47 
0.45 

0.48 
0.66 

0.51 
0.80 

0.25 
0.22 

0.29 
0.25 

0.48 
0.66 

0.56 
0.77 

0.12 
0.11 

0.14 
0.13 

a 0.59 
0.61 

= 0.56 
0.55 

0.65 
0.64 

0.40 
0.38 

0.47 
0.45 

0.60 
0.52 

0.82 
0.51 

0.24 
0.23 

0.28 
0.27 

0.60 
0.52 

0.70 
0.61 

0.12 
0.11 

0.14 
0.13 

PP 0.99 
1.01 + 

0.55 
0.56 

0.64 
0.65 

0.39 
0.39 

0.46 
0.45 

0.51 
0.62 

0.54 
0.78 

0.24 
0.22 

0.28 
0.26 

0.51 
0.62 

0.59 
0.72 

0.12 
0.11 

0.14 
0.13 

PE 0.24 
0.26 + 

0.54 
0.56 

0.63 
0.65 

0.39 
0.39 

0.46 
0.45 

0.48 
0.62 

0.49 
0.78 

0.25 
0.22 

0.29 
0.25 

0.48 
0.62 

0.56 
0.72 

0.12 
0.11 

0.14 
0.12 

d 0.09 
0.11 

+ 0.55 
0.55 

0.64 
0.64 

0.39 
0.39 

0.45 
0.45 

0.57 
0.53 

0.76 
0.48 

0.22 
0.24 

0.26 
0.28 

0.57 
0.53 

0.67 
0.61 

0.11 
0.12 

0.12 
0.14 

0 1.04 
1.06 

+ 0.55 
0.55 

0.64 
0.64 

0.40 
0.38 

0.46 
0.45 

0.56 
0.55 

0.74 
0.56 

0.24 
0.22 

0.28 
0.26 

0.56 
0.55 

0.65 
0.64 

0.12 
0.11 

0.14 
0.13 

P .029 
.031 

+ 0.55 
0.55 

0.64 
0.64 

0.41 
0.38 

0.48 
0.45 

0.57 
0.54 

0.87 
0.53 

0.28 
0.22 

0.32 
0.26 

0.57 
0.54 

0.66 
0.63 

0.16 
0.09 

0.19 
0.11 

5 .019 
.021 

+ 0.54 
0.56 

0.63 
0.65 

0.41 
0.38 

0.48 
0.44 

0.49 
0.61 

0.76 
0.60 

0.27 
0.21 

0.31 
0.24 

0.49 
0.61 

0.57 
0.72 

0.16 
0.08 

0.19 
0.09 

cpra 0.59 
0.61 

= 0.55 
0.55 

0.64 
0.64 

0.39 
0.39 

0.46 
0.45 

0.57 
0.53 

0.68 
0.60 

0.22 
0.24 

0.26 
0.28 

0.57 
0.53 

0.67 
0.62 

0.12 
0.12 

0.13 
0.14 

Is .089 
.091 _ 

0.55 
0.55 

0.64 
0.64 

0.39 
0.39 

0.45 
0.46 

0.57 
0.53 

0.65 
0.63 

0.22 
0.25 

0.25 
0.29 

0.57 
0.53 

0.66 
0.62 

0.11 
0.12 

0.12 
0.14 

IT .069 
.071 

= 0.55 
0.55 

0.64 
0.64 

0.38 
0.40 

0.45 
0.46 

0.56 
0.54 

0.60 
0.69 

0.21 
0.24 

0.24 
0.28 

0.56 
0.54 

0.66 
0.63 

0.10 
0.13 

0.12 
0.15 

<t> -10.0 
0.20 + 

0.57 
0.55 

0.66 
0.64 

0.40 
0.39 

0.46 
0.45 

0.69 
0.52 

0.87 
0.56 

0.24 
0.22 

0.28 
0.26 

0.69 
0.52 

0.80 
0.61 

0.13 
0.11 

0.14 
0.13 

Qf* 0.29 
0.31 

+ 0.56 
0.54 

0.67 
0.62 

0.40 
0.38 

0.47 
0.44 

0.62 
0.49 

0.75 
0.55 

0.23 
0.24 

0.27 
0.28 

0.61 
0.50 

0.73 
0.56 

0.11 
0.12 

0.13 
0.14 

QJS"* 0.34 
0.36 + 

0.55 
0.56 

0.62 
0.67 

0.38 
0.40 

0.45 
0.46 

0.42 
0.67 

0.47 
0.81 

0.24 
0.22 

0.28 
0.26 

0.50 
0.60 

0.56 
0.72 

0.12 
0.11 

0.14 
0.13 

VHa) 0.29 
0.31 

+ 0.56 
0.55 

0.65 
0.64 

0.38 
0.40 

0.46 
0.45 

0.61 
0.49 

0.71 
0.57 

0.21 
0.24 

0.26 
0.28 

0.61 
0.49 

0.71 
0.57 

0.11 
0.12 

0.13 
0.14 

SHà) 0.34 
0.36 + 

0.55 
0.55 

0.64 
0.65 

0.39 
0.40 

0.44 
0.47 

0.43 
0.67 

0.50 
0.78 

0.24 
0.22 

0.28 
0.27 

0.51 
0.60 

0.60 
0.70 

0.12 
0.11 

0.14 
0.13 

Notes:a) Relates the initial values of QjV", QJS", VH(.\ w) and SH(. | w) tested; that is, QjV"(0), QjS"(0), 

VH(0\w) and SH(0\w); 
b) iff reports the effect on the number of years it takes for the economy to get its steady state and the 

symbols +, - and = means that the time to reach the steady state increases, decreases or stays 
equal, respectively. The column reflects the tendency in the three alternatives. 
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Table A3.7. Share of time devoted to working under different values for § 

Value 
Benchmark Alternative 1 Alternative 2 

Value uwP{.\VH) uwP(.\SH) uwP(. \VH) uwP(.\SH) uwP(.\VH) uwP{.\SH) Value 

t=0 f t=0 f t=0 f t=0 •jSS t=0 fs t=0 f 

* 
-10.0 

0.20 

0.43 

0.44 

0.69 

0.64 

0.46 

0.47 

0.66 

0.72 

0.49 

0.51 

0.69 

0.64 

0.53 

0.54 

0.66 

0.72 

0.48 

0.50 

0.69 

0.64 

0.52 

0.52 

0.66 

0.80 

A3.2. Transitional dynamics and sensitivity analysis under IT of IGs 

A3.2.1. Transitional dynamics 

Table A3.8. Comparing initial and steady state values of the variables 

Variable 
Value at time: 

Variable 
Initial Steady state 

D; 1.24 1.29 

Q'- 0.30 0.41 

VH(.\w) 0.30 0.45 

N, 0.45 0.44 

pv»lp?» 0.89 0.88 

< / < 0.16 0.16 

TFP^i.lSH)® 
TFPtJ(.\SH) 

0.16 0.21 

PTFPnP{.\SH) 
PTFPnl(.\SH) 

0.33 0.43 

CP(.\VH) 
C,(.\VH) 

0.16 0.16 

C,(.\SH) 
C,(.\VH) 

0.81 0.81 

Interest rate, r — .062 

Variable 
Value at time: 

Variable 
Initial Steady state 

D'r 1.06 1.11 

Q<" 0.35 0.48 

S~H(.\w) 0.35 0.53 

NP
l) 0.47 0.46 

PTIP?* 0.93 0.92 

</uf 0.14 0.14 

[p _ yP
 e) 

yss ss 
ïi yi 

0.05 0.07 

PTFPnP{.\VH) 
PTFPnl (.\VH) 

0.32 0.41 

CP(.\SH) 
C,(.\SH) 

0.19 0.19 

CP(.\SH) 
CP(.\VH) 

0.94 0.94 

Growth rate, gr — .031 

Notes: »NP,l(fd, = 0.54; 
b) we find that: p]" (t0) = 0.786, p™ (t0) = 0.885, pf (tss) = 0.782 and pf (tss) = 0.891; 
c) we find that: pP

7i(t0) = 0.402, ps
p"{t0) = 0.432,pf {tss) = 0.399 and pf (tss) = 0.435; 

d) Ignoring the difference in MCs between countries the values are 0.32 and 0.41 for t0 and 
tjio = ts\ respectively; 

e) Omitting the difference in MCs between countries the values are 0.15 and 0.23 for t0 
and tuo - f, respectively. 
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A3.2.2 Sensitivity analysis to the baseline results 

Table A3.9. Qualitative and quantitative results of sensitivity analysis 

Change 

Of 
Value tss 

a) b) 
QJVH 

c) 
VH 

d) DIP DZ 
W, 

e) e) 
PDs 

0 
PDs 

g) gr 

A, 1.10 

2.00 

112 

108 

1.33 

1.27 
0.39 
0.42 

0.47 
0.44 

2.89 
2.72 

1.07 

1.03 

0.85 

0.85 

0.92 

0.92 

0.62 

0.33 
0.13 

0.05 

.011 

.054 

AP 0.60 

1.40 

112 

108 

1.30 

1.28 

0.40 

0.41 

0.44 

0.47 

2.70 

2.89 

1.05 

1.04 

0.83 

0.87 

0.90 

0.95 

0.25 

0.61 

0.04 

0.13 

.029 

.033 

a 
0.40 

0.80 

105 
115 

1.25 
1.42 

0.34 

0.46 

0.41 

0.45 
2.58 

2.89 

1.01 

1.15 

0.93 
0.81 

1.00 
0.88 

0.46 

0.37 
0.03 
0.12 

.083 

.004 

vhh) 1.15 

1.30 

105 

120 

1.24 

1.39 

0.44 

0.35 
0.46 
0.43 

2.87 

2.67 

1.00 

1.11 

0.84 

0.87 
0.91 
0.94 

0.43 
0.41 

0.08 

0.07 

.030 

.033 

shh) 
0.90 

1.05 

120 

105 

1.44 

1.24 
0.33 
0.44 

0.42 

0.46 

2.62 

2.88 

1.16 

1.00 
0.87 
0.84 

0.94 

0.91 

0.39 
0.44 

0.07 

0.08 

.029 

.033 

MCP 
0.45 

0.55 

110 

110 

1.29 

1.30 

0.39 

0.43 

0.44 

0.45 
2.76 

2.79 

1.04 

1.05 

0.85 

0.85 

0.92 

0.92 

0.42 

0.43 

0.06 

0.08 

.035 

.026 

PP 
0.70 

1.30 

110 

110 

1.32 

1.28 

0.40 

0.41 

0.45 

0.45 

2.78 

2.78 

1.06 

1.03 

0.84 

0.86 
0.91 

0.93 

0.42 

0.43 

0.07 

0.07 

.016 

.045 

PE 0.15 

0.35 

110 

110 

1.30 

1.29 

0.40 

0.41 

0.45 

0.45 

2.78 

2.78 

1.05 
1.04 

0.85 

0.85 

0.92 

0.92 

0.43 

0.43 

0.07 

0.07 

.026 

.036 

IT 0.30 

1.00 

110 

110 

1.32 

1.28 

0.40 

0.42 

0.45 

0.45 

2.78 

2.78 

1.07 

1.03 

0.84 

0.86 

0.91 

0.93 

0.43 

0.43 

0.07 

0.07 

.015 

.048 

d 
0.05 

0.15 

110 

110 
1.23 
1.38 

0.44 

0.36 

0.30 

0.60 
1.83 
3.71 

1.00 
1.11 

0.84 

0.85 

0.91 

0.92 

0.34 

0.50 
0.05 

0.10 

.035 

.028 

o, 0.10 

0.40 

110 

110 

1.30 

1.28 

0.40 

0.41 

0.44 

0.46 

2.73 

2.83 

1.05 
1.04 

0.85 

0.85 

0.92 

0.92 

0.42 

0.43 
0.07 

0.07 

.027 

.034 

c2 0.50 

0.70 

110 

110 
1.26 
1.32 

0.43 

0.39 

0.33 

0.55 

2.08 

3.38 

1.02 

1.07 

0.84 

0.86 

0.91 

0.93 

0.34 

0.48 
0.05 
0.09 

.027 

.036 

e 0.80 

2.00 

110 

110 
1.29 

1.29 

0.41 

0.41 
0.45 

0.45 

2.78 

2.76 

1.04 

1.04 
0.85 

0.85 

0.92 
0.92 

0.43 

0.43 

0.07 

0.07 
.039 
.017 

p 
0.02 

0.04 

110 

110 
1.29 

1.29 

0.41 

0.41 
0.45 

0.45 

2.78 

2.78 

1.04 

1.04 
0.83 

0.88 
0.90 

0.95 

0.43 

0.43 

0.07 

0.07 
.039 
.022 

8 
0.00 

0.04 

110 

110 
1.29 

1.29 

0.41 

0.41 
0.45 

0.45 

2.78 

2.77 

1.04 

1.04 
0.85 

0.85 

0.92 

0.92 

0.43 

0.43 

0.07 

0.07 

.041 

.020 

<pw 0.55 

0.65 

110 
110 

1.28 
1.31 

0.38 
0.44 

0.44 
0.45 

2.82 
2.70 

1.03 
1.06 

0.90 
0.81 

0.98 
0.87 

0.43 
0.42 

0.07 
0.07 

.030 

.032 
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Table A3.9. Qualitative and quantitative results of sensitivity analysis (cont.) 

Change 

Of 
Value f 

a) 
Dj 
b) 

QJVH 

c) 
VH 

d) DIP DZ W, 
e) 

WP 
e) 

PDs PDs 
g) gr 

Is 0.08 

0.10 

110 

110 

1.27 

1.30 

0.38 

0.44 

0.44 

0.45 
2.69 
2.80 

1.03 
1.05 

0.91 
0.80 

0.99 
0.86 

0.42 

0.43 

0.07 

0.07 

.029 

.033 

IT 
0.06 

0.08 

110 

110 

1.30 

1.29 

0.44 

0.38 

0.44 

0.45 

2.68 

2.82 

1.06 

1.03 

0.80 

0.90 

0.86 

0.98 

0.42 

0.43 
0.07 

0.07 

.029 

.033 

0 -1,00 

0.20 
110 
110 

1.26 

1.30 

0.35 

0.43 
0.43 
0.46 

2.61 
2.86 

1.05 

1.04 

0.96 

0.81 

1.04 

0.88 

0.41 

0.43 

0.06 

0.07 

.030 

.031 

Pi 
4.00 

6.00 

110 

110 

1.29 

1.29 

0.43 

0.39 

0.43 

0.46 

2.70 

2.85 

1.04 

1.04 

0.85 

0.85 

0.92 

0.92 

0.42 

0.43 

0.07 

0.08 

.032 

.030 

P2 
0.02 

0.04 
125 

95 
1.29 
1.29 

0.47 
0.38 

0.43 
0.46 

2.68 
2.80 

1.04 

1.04 
0.83 

0.87 

0.90 

0.95 

0.40 

0.43 

0.07 

0.08 

.034 

.030 

DJ
 iJ) 1.20 

1.25 

110 

110 
1.29 

1.29 

0.38 

0.42 

0.44 

0.45 

2.75 

2.79 

1.08 

1.03 

0.85 

0.85 

0.91 

0.93 

0.42 

0.43 

0.07 

0.07 

.030 

.031 

~ l™ il .275 

.325 

110 

110 

1.28 

1.31 

0.35 

0.53 
0.58 
0.32 

3.59 

1.96 

1.04 

1.06 

0.85 

0.84 

0.93 

0.91 

0.49 

0.36 
0.09 
0.05 

.027 

.038 

~ I
SH il 

QJ .) 
.325 

.375 

110 

110 
1.31 
1.26 

0.49 

0.38 
0.39 
0.47 

2.58 

2.94 
1.06 
1.02 

0.84 

0.85 
0.91 
0.93 

0.38 
0.46 

0.06 

0.08 

.035 

.029 

VH U ) 
.275 

.325 
110 

110 

1.33 

1.25 

0.38 

0.43 

0.36 

0.59 

2.22 

3.51 
1.08 
1.01 

0.84 

0.86 

0.95 

0.89 

0.38 

0.51 

0.06 

0.09 

.032 

.027 

SHhA) 
.325 

.375 

110 

110 

1.25 

1.33 
0.43 

0.38 

0.57 

0.37 
3.49 
2.28 

1.01 

1.08 

0.86 

0.84 
0.89 
0.95 

0.48 

0.40 
0.09 
0.06 

.028 

.032 

Policy 
sx = .50 

sr=.26 

U=.35 
110 1.25 0.30 0.31 1.91 1.01 0.92 1.04 0.34 0.05 .140 

Notes:a> f represents the number of years for the world to achieve its steady state; ' we do not present 
the dynamics for Dp because they are similar; c) we do not present the dynamics for QjSH 

because they are similar;d) It represents VH(. \ w) ■ We do not present the dynamics for SH(. \ w) 
since they are similar; e) In the baseline case their steady state values are: Wj = 0.85 and 

WP = 0.92;f)The TFP differences, PDs, are measured by PTFPnP{.\SH) > w n j c n _ remember - is 
PTFPnl(.\SH) 

the measure of smaller PDs - see table A3.8 for the baseline case; 8) The aggregate TFP 
differences, PDs, are measured by YP/Y, ',h) The minor changes in vh and sh are due to their 

strong influence on (intra-country) wage inequality; ° Relates the initial values of DJ, QjVH, 

QJSH, VH(.\w) and SH(.\w) tested; that is, DJ{t0), Qjm(t0), QjS"(t0), V~H(t0\w) and 

SH(t0 | w) ;J) Changes in these variables affect directly the initial value of DJ ■ 
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A3.3. Transitional dynamics and sensitivity analysis under IT of all goods 

A3.3.1. Transitional dynamics 

Table A3.10. Comparing initial and steady state values of the variables 

Variable 
Value at time: 

Variable 
Initial Steady state 

D'P 1.06 1.27 

Qj- 0.35 0.41 

SH(.\w) 0.35 0.54 

N .454 .433 

YP _ yp a) 

Y, y, 
0.22 0.27 

Pf 
0.93 0.88 

wf 0.65 0.54 

CP(.\SH) 
C,(.\SH) 

0.19 0.15 

CP(.\SH) 
Cp(.\VH) 

0.94 0.94 

Growth rate, gr — .028 

Variable 
Value at time: 

Variable 
Initial Steady state 

Dj 1.24 1.48 

Q>™ 0.30 0.35 

VH(.\w) 0.30 0.46 

NSH .085 .096 

NVH .904 .882 

P7 « 
pf 

0.89 0.84 

VH Wp 0.71 0.57 

CP(.\VH) 
C,(.\VH) 

0.16 0.13 

C,(.\SH) 
C,(.\VH) 

0.81 0.81 

Interest rate, r — .059 

Notes:a' Omitting the difference in MCs between countries the values are 0.70 and 0.86 for t0 and 
tus = ts\ respectively; 

b) we have that: pf (t0 ) = 0.698, pf (t0 ) = 0.786, p™ (tss ) = 0.665 and pf (tss ) = 0.790 \ 
c) we find that: pf (t0 ) = 0.885, pf (t0 ) = 0.951, pf (tss ) = 0.741 and pf {tss) = 0.841. 
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A3.3.2 Sensitivity analysis to the baseline results 

Table A3.ll. Qualitative and quantitative results of sensitivity analysis 

Change 

Of 
Value 

a) b) c) 
VH 

d) 

NSH N NVH DIP DZ W, 
e) 

WP 
e) 

PDs 
0 

gr 

Aj 1.10 

2.00 

155 

135 

1.64 

1.40 

0.32 

0.37 

0.39 

0.48 

0.11 

0.08 

0.42 

0.44 

0.86 

0.90 

2.76 

3.71 

1.32 

1.13 

0.79 

0.83 

0.85 

0.90 

0.34 

0.23 

.008 

.049 

AP 0.60 

1.40 

150 

140 
1.39 
1.58 

0.37 
0.33 

0.47 
0.42 

0.07 

0.11 

0.44 

0.42 

0.92 

0.86 

3.56 

2.93 
1.13 
1.28 

0.78 
0.84 

0.85 

0.91 

0.18 

0.34 

.026 

.028 

a 
0.40 

0.80 

130 

160 

1.23 

1.60 

0.35 

0.43 

0.43 

0.55 

0.07 
0.12 

0.45 

0.42 

0.93 

0.85 

3.16 

4.50 

1.00 

1.29 

0.85 

0.76 

0.93 

0.81 

0.16 

0.38 

.080 

.002 

vhë) 1.15 
1.30 

135 

150 

1.40 

1.54 
0.39 
0.32 

0.52 

0.36 

0.10 

0.08 

0.45 
0.41 

0.88 

0.88 

4.20 

2.42 
1.13 
1.25 

0.81 

0.83 

0.87 

0.90 

0.29 

0.27 

.024 

.032 

shô 0.90 

1.05 

150 

135 

1.53 

1.38 

0.32 

0.39 

0.39 

0.53 

0.09 

0.10 

0.42 

0.45 

0.88 

0.88 

2.72 

4.27 

1.24 

1.11 

0.85 

0.81 

0.99 

0.87 

0.25 

0.29 

.027 

.027 

MCp 
0.45 

0.55 

145 

145 

1.46 

1.51 

0.34 

0.36 

0.44 

0.48 

0.09 

0.10 

0.43 

0.43 

0.89 

0.87 

3.24 

3.73 

1.18 

1.23 

0.82 

0.81 

0.88 

0.88 

0.24 

0.30 

.031 

.022 

PP 
0.70 

1.30 

145 

145 

1.51 

1.47 

0.34 

0.35 

0.45 

0.47 

0.09 

0.10 

0.43 

0.43 

0.88 

0.88 

3.35 

3.56 

1.22 

1.18 

0.80 

0.83 

0.86 

0.90 

0.27 

0.27 

.014 

.040 

PE 0.15 

0.35 

145 

145 
1.49 
1.47 

0.35 

0.35 
0.46 
0.46 

0.09 
0.10 

0.43 
0.43 

0.88 

0.88 

3.45 

3.51 
1.20 

1.19 

0.81 
0.82 

0.88 
0.89 

0.27 
0.27 

.022 

.031 

IT 0.30 

1.00 

145 

145 
1.51 

1.46 

0.34 

0.35 

0.45 

0.47 

0.09 

0.10 

0.43 
0.43 

0.88 

0.88 

3.33 

3.56 

1.22 

1.18 
0.79 
0.84 

0.86 

0.90 

0.27 
0.28 

.012 

.042 

d 
0.05 

0.15 

145 

145 
1.33 

1.56 
0.39 
0.33 

0.37 
0.48 

0.09 
0.10 

0.45 
0.42 

0.90 

0.87 

2.40 

3.62 
1.09 
1.26 

0.81 

0.82 

0.88 

0.88 

0.24 

0.28 
.027 
.027 

a; 0.10 

0.40 

145 

145 

1.48 

1.48 

0.35 

0.35 

0.44 

0.48 

0.09 

0.10 

0.43 

0.43 

0.88 

0.88 

3.31 

3.68 

1.20 

1.20 

0.81 

0.82 

0.88 

0.88 

0.27 

0.27 

.024 

.030 

a2 
0.50 

0.70 

145 

145 
1.39 
1.54 

0.37 
0.33 

0.40 

0.48 
0.09 
0.10 

0.44 

0.43 
0.89 
0.88 

2.74 
3.53 

1.13 

1.25 

0.81 

0.82 

0.87 

0.89 

0.25 

0.28 

.022 

.035 

e 0.80 

2.00 

145 

145 

1.48 

1.48 

0.35 

0.35 

0.46 

0.46 

0.10 

0.10 

0.43 

0.43 

0.88 

0.88 

3.71 

3.16 

1.20 

1.20 

0.81 

0.81 

0.88 

0.88 

0.27 

0.27 

.035 

.018 

P 
0.02 

0.04 
145 

145 

1.48 

1.48 

0.35 

0.35 
0.46 

0.46 

0.10 

0.10 

0.43 

0.43 

0.88 

0.88 

3.48 

3.48 
1.20 

1.20 

0.78 

0.86 

0.85 

0.93 

0.27 
0.27 

.036 

.017 

5 
0.00 
0.04 

145 
145 

1.48 
1.48 

0.35 
0.35 

0.46 

0.46 

0.10 
0.10 

0.43 
0.43 

0.88 

0.88 
3.48 
3.48 

1.20 
1.20 

0.81 
0.81 

0.88 
0.88 

0.27 
0.27 

.037 

.016 

q>ra 0.55 

0.65 
145 
145 

1.38 

1.57 

0.31 

0.39 
0.35 

0.53 

0.09 
0.10 

0.44 

0.43 

0.90 

0.87 

2.26 

4.27 

1.12 

1.27 

0.94 

0.69 

1.02 

0.75 

0.24 

0.29 

.027 

.027 
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Table A3.ll. Qualitative and quantitative results of sensitivity analysis (cont.) 

Change 

Of 
Value 

a) 
Dj 
b) 

QJV" 
c) 

VH 
d) 

NSH N NVH 
DIP DZ W[ 

e) 
WP 

e) 
PDs 

o gr 

Is 0.08 

0.10 

145 

145 
1.38 
1.56 

0.31 

0.39 

0.35 

0.53 
0.09 
0.10 

0.44 

0.43 
0.90 

0.87 

2.29 

4.24 

1.11 

1.27 

0.94 

0.70 

1.02 

0.75 

0.24 

0.29 

mi 
mi 

XT 
0.06 

0.08 

145 

145 

1.56 

1.38 

0.39 

0.31 

0.53 

0.35 

0.10 

0.10 

0.43 
0.44 

0.87 

0.90 

4.23 

2.29 

1.27 

1.11 

0.70 

0.94 

0.76 

1.02 

0.29 

0.24 

.024 

.031 

4> -1,00 

0.20 

145 

145 

1.37 

1.51 

0.31 

0.36 

0.35 

0.50 

0.09 

0.10 

0.44 

0.43 

0.90 

0.88 

2.21 

3.85 

1.11 

1.27 

0.95 

0.77 

1.03 

0.83 

0.24 

0.29 

.029 

.026 

Pi 
4.00 

6.00 

145 

145 
1.38 

1.38 

0.37 
0.32 

0.48 

0.45 
0.10 

0.09 

0.44 

0.44 
0.88 

0.88 

3.50 

3.45 

1.21 

1.18 

0.81 

0.81 

0.88 

0.88 
0.27 
0.27 

.027 

.027 

Pi 
0.02 
0.04 

155 

125 

1.41 

1.36 

0.38 
0.32 

0.50 

0.44 

0.10 

0.08 

0.44 

0.44 
0.89 
0.90 

3.52 

3.43 

1.22 

1.18 

0.81 

0.81 

0.88 

0.88 
0.27 

0.27 

.027 

.029 

D / M ) 1.20 

1.25 

145 

145 
1.46 

1.49 

0.34 

0.35 

0.44 

0.47 

0.09 

0.10 

0.43 

0.43 
0.89 
0.88 

3.12 

3.60 

1.22 

1.19 

0.81 

0.81 

0.88 

0.88 

0.26 

0.27 

.027 

.026 

QJV" h) .275 

.325 
145 
145 

1.50 

1.47 

0.31 
0.42 

0.53 
0.39 

0.10 

0.09 

0.43 
0.43 

0.87 

0.89 

4.32 
2.62 

1.21 

1.19 

0.82 

0.81 

0.88 

0.88 
0.28 
0.25 

.024 

.030 

QJ
SH fa) .325 

.375 

145 

145 

1.50 

1.45 

0.38 

0.34 

0.42 

0.50 
0.09 

0.10 

0.43 
0.44 

0.90 

0.87 

3.04 

3.82 

1.21 

1.18 

0.81 

0.82 

0.88 

0.88 
0.25 

0.28 

.028 

.026 

y~HM) .275 

.325 

145 

145 

1.46 

1.57 

0.34 

0.35 

0.36 

0.68 

0.09 

0.11 

0.44 

0.42 

0.89 

0.86 

2.79 

5.63 

1.18 

1.26 

0.81 

0.82 
0.91 

0.85 

0.25 

0.33 

.029 

.025 

SH M ) 
.325 
.375 

145 
145 

1.54 
1.48 

0.35 
0.34 

0.65 
0.39 

0.10 
0.09 

0.43 
0.43 

0.86 
0.90 

5.74 

2.74 
1.25 
1.18 

0.82 
0.81 

0.85 

0.91 

0.32 
0.26 

.025 

.029 

Policy 
sx = .50 
sr = .26 
k=.35 

145 1.34 0.30 0.31 0.09 0.44 0.90 1.93 1.08 0.98 1.03 0.22 .133 

Notes: , , , see the respective mean in table 4.7.e) In the baseline case their steady state values are: 

W] = 0.81 and WP = 0.88; ° The productivity differences, PDs, are measured by zL. - ZL - see table 
Y, y, 

A3.10 for the baseline case;E The minor changes in vh and sh are caused by their strong influence 

on wage inequality; h) Relates the D',(t0), QjV"(t0), QjS"(t0), VH(t0 \w) and S~H(t0 \w) tested; l) 

Changes in these variables affect the initial value of D'P ■ 
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APPENDIX 4 

NEW GENERAL PURPOSE TECHNOLOGY AND 
HUMAN CAPITAL PRODUCTIVITY SHOCK 
UNDER INTERNATIONAL TRADE OF ALL GOODS 

The use of a new GPT in all FGs at the same time (subsection A4.1.1) generates 

two phases and two associated dynamic effects: first in HC accumulation and after that in 

the R&D innovative activity. These effects have a positive impact on the aggregate TFP 

of both countries, which are also improved in phase 2 due to the static benefits induced 

by the use of a new GPT. Hence, phase 2 is a 'time to reap' for both countries. The new 

GPT does not affect the versatile premium or the pattern of specialisation. 

The use of a new GPT first in the production of versatile FGs (subsection A4.1.2) 

gives rise to three distinct phases. In the 1st, a small growth effect occurs. In the 2nd and 

the 3 r , both level and growth effects occur. Though, in the 2nd, the versatile premium and 

the production of FGs using VT widen in both countries, and the inverse occur in the 3rd. 

A shock in the versatile-augmenting parameter of the production function 

(subsection A4.2) has the same kind of effects as in the second phase when the 

introduction of a new GPT occurs first in the production of versatile FGs. 

A4.1. Consequences of a new General Purpose Technology 

In this section, we analyse briefly the consequences of a new GPT in both countries 

with free IT of all goods. Following the structure in the last IT regimes, we will again 

consider two scenarios. We focus the analysis on steady states that occur in each phase. 

1st scenario: the new GPT is beneficial to all final goods at the same time 

From the time of the use of the new GPT until another new GPT occurs, the 

production function for the nth FG in country Z, Y„z , becomes again given by equations 

(5.1a-c), but with two differences. Firstly, where before Az appeared, AZ
G(> Az) must 

now be written. Secondly, k must be equal to or greater than T^1, k> kM. To this end, it 

should be noted that the Northern TK is available in both countries at the same time. 
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Incorporating this information in our analysis, the production of FG n in equation 

(5.19) remains valid, but now we write Y^z a nd A®0 instead Ynz and Az, respectively. 

This is because g / m must at least be equal to the TK minimum QJû - remember that, 

by assumption, in the present scenario QJMH and QJ™ occur at the same time. In this 

case, the new GPT generates two phases. The first one, during [fs, fs+A), where Á again 

represents the time necessary to reach QJ™ - i.e., the old GPT continues to be used in 

both countries. The other, from tss+A on, at least until new GPT occurs, during which the 

previous new GPT is used in both countries. Hence, figure 4.8 continues valid here. 

1st scenario, phase 1: the old GPT is used in both countries 

The analysis in this phase is the same as that carried out in chapter 4 in the same 

case. Thus, the new temporary steady state world growth rate is unambiguously greater 

than the previous steady state world growth rate. Therefore, the new GPT confers an 

immediate growth effect in both countries with positive impact on their productivity. 

However, until its introduction on the production side, it is above all a 'time to sow' for 

both countries. Given that the new GPT affects both countries at the same time in the 

same way, it does not affect the versatile premium and the pattern of FGs specialisation. 

1st scenario, phase 2: the new GPT is used in both countries 

At time t = tss+A, the Northern TK reaches QJ™ and both countries use a new 

GPT. As a result, there is a level jump in their outputs: Yz jumps from the value given in 

equations (5.30a, b) to Y^0 given by similar equations where A%G substitutes Az and 

Qjm is at least equal to QJM - the equals sign occurs when the new GPT is introduced. 

The greater productivity level embodied in the new GPT increases the expected 

profits of the innovator firms and, consequently, the rate of innovation. Hence, a new 

growth effect arises and this is a 'time to reap' for both countries. Since in this phase the 

new GPT affects the specialised and the versatile side of both countries in the same way, 

it does not change the versatile premium and the pattern of FGs specialisation. 

In summary, the main results of this scenario are once again condensed in table 4.4. 

2nd scenario: first the new GPT is beneficial to some FGs at the same time 

The question now is the following. What happens when IT is completely free and 

new GPT is introduced first in FGs that use VT? As is shown in figure 4.9, until there is 
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full use of the new GPT in the world, there are three different phases: during 

[fs, fs+ AVH ), [f+ AVH , fs+ ASH ) and from f+ ASH on. In the first, only the old GPT is 

used in the world and so the effects are the same as in phase 1 of the last scenario. In the 

second, the new GPT is used in VT. In the third, only the new GPT is used in the world. 

2
nd scenario, phase 2: the new GPT is used only in VT (but this occurs in both countries) 

In this phase, the output of the nth FG is given by YnZ{.\SH) or Y^(.\VH), 

according the use of ST or VT, respectively, in its production and regardless of the 

country considered. Thus, if the FG n is produced with ST, the production functions 

remain valid. However, if it is produced with VT, Az is substituted by A%G, because k 

has already reached k^. Without explaining again all the steps underlying our analysis, 

we can state that the comparative and technology margins in equations (5.23a-c) now 

become given by the following expressions: 

TV VSH Kj K2 K3 

■>VNG 
1 + R2(1 + RV

3"
U)-R1(1 + R2) 

VNG 
N WH R2(l + R3 -R,) 

>VNG 
1 + R2U + R3 )-R]U + R2) 

N VNG R2 R™G 

,VNG 
1 + R2(1 + RV

3"
U)-R1(1 + R2) 

(A4, la) 

(A4, lb) 

(A4.1c) 

Where, 

r> _ f?NG_ U?GMC, 
VA^G MCP j 

V»/( - |w) 
VHP(.\w) 

I 
2 
, since A", 

— -^-and/?rG = 
A

NG A 
t\p A n 

QÎ shSH,{.\w) 
QJVH vhVH,(.\w) 

Note that the subscript in R3 is VNG because it makes the link between both 

technologies of production, whereas in R2 the introduction of the new GPT is fully 

considered. 

Comparing equations (A4.1a-c) and (5.23a-c), we obtain: 

NSH >NvSH f NVH>NWH a n d S0{l.NVH)<(1.NVVHhN>N> TVNG 

(N-NSH)> (WWG - NVSH ) and (NVH -N)< (NWH - NVNG ), 
(A4.2) 

since ApG > Ap and AfG > A,. Thus, the new GPT unambiguously provokes a greater use 

of VT in the world, the specialisation of both countries in a smaller number of specialised 

FGs and in a higher number of versatile FGs. Moreover, a greater use of VT is equal in 

both countries; that is, none of them becomes relatively more competitive. In fact, 
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NSH (NVNG _ NySH ) ^ ( 1 . NVH ) ( j y w, . jy^G ) ^ ^ 

NVSH(N-NSH) ~ (1-NVV")(NVH -N) 
(A4.3) 

There is also a static gain with the introduction of the new GPT in VT. The Yz 

jumps from the value given in equation (5.30a, b) to Y™G : 

-O), \ sh SHP(,\w) Nvs""MC™QrK">+Vh VHp(.\w)\l-NVVH } MC™ Qj"'Afm[ (A4-4a> rVSHl-Dir/^SH ^.J5" Al/a 

yVSG = QY™ L SH[{ | w) fNVN0_ NySH JMCU QfW;la) + 

+ vh VH,(.\w) NVVH-Nmo MC™ Qi A[ VVH \jVNG j..rVH nJ
m

ANGUIa) (A4.4b) 

yVNG 

where : 0^ = exp (-7) A MÇjL 
P MC, 

lia 
1-a 

l-a 

N VVH 
■Nv 

. VV/VO V A, MC, 
AB MCD 

lia 

As a result of the jump of the aggregate output in both countries, the price paid for 

each unit of both types of HC increases. Hence, both types of workers in the world 

benefit, although workers who accumulate VH benefit more. Indeed, the versatile 

premium jumps at time t = fs+ Ara and so w¥NG > Wz :304 

mVNG _ WZ _ 
z ysH 

( Q r \ 

w-. QÎ 
JSH 

2 vh 
sh 

2a (A4.5) vhVHz(.\w) 
sh SHZ(. | w) 

Thus, as in the previous chapter, the use of the new GPT in VT remains as another 

possible explanation for the increase in demand for skills in both countries, developed 

(Northern) and developing (Southern), which must be mirrored in the increase in wage 

inequality. Although temporary, this explanation can remain valid for a long time. 

Until now we have analysed the consequences of the introduction of the new GPT 

at time t = tss+ Av//. Moreover, we can find that the world steady state growth rate also 

increases. It is given by the expression in equation (4.72). Note that, when considering 

m = SH, it must be greater than before.305 In fact, pJSH and p^SH must increase as a 

result of the greater use of VT. Therefore, we can again state that the (new) growth effect 

must shorten the time for the use of the new GPT in ST. 

304 Even after t - fs+ Ara we must have w™G > W ■ That is, the AS° effect must dominate the changes 

in the endogenous TK bias and in HC at work bias. 
305 For a unique steady state, the growth rate in equations (4.72) must be equal for m = SH and for m = VH. 
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In summary, there is both a positive level and growth effect for the two countries, 

and the use of VT as well as the versatile premium increases, although the price paid per 

unit of SH also increases. As a consequence, we can prove that there is an improvement 

of the productivities in both countries. 

2nd scenario, phase 3: only the new GPT is used in the world 

With the full introduction of the new GPT, the output of FG n in country Z 

becomes given by Y^(-\SH), if it uses ST or remains given by Y%£(.\VH), if its 

production technology is VT. Thus, the production functions are those in equations 

(5.1a-c) but, since k has already reached kr, Az must be replaced by A%G. 

At this time, FGs at comparative and technology margins move from equations 

(A4.1a-c) to equations (5.23a-c), since A^GIApG = Aj/AP. That is, in comparison with 

the last phase, the jump in margins is exactly on the opposite side. Hence, the technology 

margin now shifts from the use of VT to the use of ST. Moreover, the increase in the use 

of ST is equal in both countries and so the countries' competitiveness is not modified. 

Consequently, both countries produce a higher number of specialised FGs and a small 

number of versatile FGs. At this time, the versatile premium decreases, despite the 

increase in the price paid per unit of VH. 

Moreover, there is also a level and a growth effect. In fact, A?0 affects both ST 

and VT. Thus, considering, for example, m = VH, the steady state growth rate is greater 

than before since pf^H and p*™11 increase as a result of the greater use of ST. Finally, 

both level and growth effects improve the productivity of the countries once more. 

Hence, the main results of this scenario are once again condensed in table 4.5. 

A4.2. Consequences of a human capital productivity shock 

The versatile-augmenting parameter vh together with the specialised-augmenting 

parameter sh and the adjustment terms emphasise the Ricardian model in our analysis. 

Thus, the analysis of the effects of HC productivity shocks materialised in changes in sh 

and/or vh on the pattern of specialisation in both countries are in order. 

We assume that vh increases at time t = tss + Avh for a vhnew, where vhnew > vh. At 

this moment, there is a level jump in the output of FGs that use VT to Y™z
w (• \VH ) . Once 

again omitting some steps in the structure of our analysis, the comparative and 

technology margins in equations (5.23a-c) become given by: 
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SH" Kj K2 K3 

VH" 

Nnew = ■ 

1 + R2(l + R3
iew)-R1(l + R2) 

R2(l + R'3
iew-R1) 

1 + R2(l + R'3
,ew)-R1(l + R2) 

R2 R'3'
ew  

1 + R2(l + R"3
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(A4.6a) 

(A4.6b) 
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Where, R"ew = QÍS" sh SH1(.\w) 
_QJVH vhnew VHj(.\w) 

Comparing equations (A4.6a-c) and (5.23a-c) we find that: 

NSH > NSHnew , NVH > Nv"n™ ,306 N > Nnew, 

(N-NSH)> (Nnew - Ns»new ) , (NVH-N ) < (NVH"m-Nnew ) . 
(A4.7) 

And that: 

pjSH Sj\jnewm ^SHnew ) (1-NW)( NVH"""- NneW ) 
• = 1 = , 

NSH™ (N-NiH) (1- NVH"m ) (/V r a~- N ) 
(A4.8) 

That is, an increase in v/z raises (drops) the use of VT (ST) in both countries in the 

same proportion when the change occurs. Hence, the competitiveness relative of the 

countries remains equal. 

As a consequence of the jump in YnZ(. \VH) to Y„z
w(. \VH), there is also a static 

gain in Yz, which jumps from the value given in equation (5.30a, b) to Y™ below: 

-ynew  
lP ~ 

er
P sh SHP{. | w) NSHne" WMC*L Qf + vhnew VHP(. | w) 7-N™"" MC™ Qj 

' (A4.9a) 

/ (A4.9b) 
MCfY Qf" + vhnew VH,(. | w) ( NVH-Nnew j MC™ g/" 

where : @p = exp(-l) 
. MCi 

lia r 
1-a 

l-a . 

NVHnew _^SHneK 
and Of™ = e f A, MC ; 

Ap MCP 

;/« 

The jump of the aggregate output in both countries has then a positive influence on 

the price paid for each unit of both types of HC. Thus, all workers in the world benefit 

306 
Consequently, we have that (l - N™ )<(1- NVVH)-
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with the shock. However, workers who accumulate VH benefit more since the versatile 

premium jumps at time t = fs+ AVH ; that is, W™w > Wz : 

yynew _ w VH
h f ~ I™ 

QÍ 

w SH' QÍ 
JSH 

vhnew VH(.\w) 
sh SH(. | w) 

2 vhr 

sh 
(A4.10) 

Therefore, an increase in vh is again another possible explanation for the increase 

in demand for skills in both countries, developed and developing. 

In addition, considering, for example, m = SH in equation (4.72), we conclude that 

the new world steady state growth rate is higher than before. This is because both p?1*""' 

and p^Hnew increase as a result of the greater use of VT. Since the growth rate must be 

equal for m = SH and for m - VH, then the positive effect of the shock dominates the 

negative effect of p™new and pv
p

Hnm on the growth rate. 

In the second column of table 5.4, we summarise the main results ensuing from the 

HC productivity shock, which increases vh. We go further and in additional columns 

include the results from other possible shocks. 

Table A4.1. Main results due to HC productivity shocks 

Tv/i Ish ivh Tsh 
T vh and 

îsh 

■ivh and 

Ish 
Growth effect In both — — In both In both — 

Level effect In both — — In both In both — 

Decrease effect — In both In both — — In both 

Negative level effect — In both In both — — In both 

Productivity differences — — — — — — 

Versatile premium Tin both 1 in both — 

Technology margin i T — 

Pattern of specialisation 
Versatile biased in 

both 
Specialised biased 

in both 
— 
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