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Preface 

The research project on Systems Analysis of Technological and Economic Dynamics a t  IIASA is 
concerned with modeling technological and organisational change; the broader economic devel- 
opments that  are associated with technological change, both as cause and effect; the processes 
by which economic agents - first of all, business firms - acquire and develop the capabilities 
to generate, imitate and adopt technological and organisational innovations; and the aggregate 
dynamics - a t  the levels of single industries and whole economies - engendered by the interac- 
tions among agents which are heterogeneous in their innovative abilities, behavioural rules and 
expectations. The central purpose is to develop stronger theory and better modeling techniques. 
However, the basic philosophy is that such theoretical and modeling work is most fruitful when 
attention is paid to the known empirical details of the phenomena the work aims to  address: 
therefore, a considerable effort is put into a better understanding of the 'stylized facts' concern- 
ing corporate organisation routines and strategy; industrial evolution and the 'demography' of 
firms; pat terns of macroeconomic growth and trade. 

From a modeling perspective, over the last decade considerable progress has been made on 
various techniques of dynamic modeling. Some of this work has employed ordinary differential 
and difference equations, and some of it stochastic equations. A number of efforts have taken 
advantage of the growing power of simulation techniques. Others have employed more traditional 
mathematics. As a result of this theoretical work, the toolkit for modeling technological and 
economic dynamics is significantly richer than it was a decade ago. 

During the same period, there have been major advances in the empirical understanding. 
There are now many more detailed technological histories available. Much more is known about 
the similarities and differences of technical advance in different fields and industries and there is 
some understanding of the key variables that lie behind those differences. A number of studies 
have provided rich information about how industry structure co-evolves with technology. In 
addition to empirical work at  the technology or sector level, the last decade has also seen a 
great deal of empirical research on productivity growth and measured technical advance at  the 
level of whole economies. A considerable body of empirical research now exists on the facts that  
seem associated with different rates of productivity growth across the range of nations, with the 
dynamics of convergence and divergence in the levels and rates of growth of income, with the 
diverse national institutional arrangements in which technological change is embedded. 

-4s a result of this recent empirical work, the questions that successful theory and useful 
modeling techniques ought to address now are much more clearly defined. The theoretical work 
has often been undertaken in appreciation of certain stylized facts that needed to be explained. 
The list of these 'facts' is indeed very long, ranging from the microeconomic evidence concerning 
for example dynamic increasing returns in learning activities or the persistence of particular sets 
of problem-solving routines within business firms; the industry-level evidence on entry, exit and 
size-distributions - approximately log-normal- all the way to the evidence regarding the time- 
series properties of major economic aggregates. However, the connection between the theoretical 
work and the empirical phenomena has so far not been very close. The philosophy of this project 
is that the chances of developing powerful new theory and useful new analytical techniques can 
be greatly enhanced by performing the work in an environment where scholars who understand 
the empirical phenomena provide questions and challenges for the theorists and their work. 

In particular, the project is meant to pursue an 'evolutionary' interpretation of technological 
and economic dynamics modeling, first, the processes by which individual agents and organisa- 
tions learn, search, adapt; second, the economic analogues of 'natural selection7 by which inter- 



active environments - often markets - winnow out a population whose members have different 
attributes and behavioural traits; and, third, the collective emergence of statistical patterns, 
regularities and higher-level structures as the aggregate outcomes of the two former processes. 

Together with a group of researchers located permanently a t  IIASA, the project coordinates 
multiple research efforts undertaken in several institutions around the world, organises workshops 
and provides a venue of scientific discussion among scholars working on evolutionary modeling, 
computer simulation and non-linear dynamical systems. 

The research focuses upon the following three major areas: 

1. Learning Processes and Organisational Competence. 

2. Technological and Industrial Dynamics 

3. Innovation, Competition and hlacrodynamics 



Introduction 

Since the 1960's, the central purpose of most contributions in the field of 

technology and trade has been to highlight the crucial importance of technological 

change and innovation in explaining international trade pattern; e.g. Posner 

(1961), Freeman (1963) (1965), Hirsch (1965), Hufbauer (1966) and Vernon 

(1966). 

This approach has stressed international asymmetries in technology as the 

main determinant of the trade flows and the patterns of specialisation. Technology 

is characterised as a good that is not free and that gives an important advantage to 

the first innovator country. Moreover, in a dynamic context, the asymmetries in 

technological levels and innovative capabilities mainly explain the evolution in 

the pattern of specialisation and the growth capabilities of each country. In Posner 

(1961), the pattern of trade is explained by the initial asymmetric access to 

technological knowledge in a world characterised by similarities in demand 

patterns. In this context, the trade between countries will be maintained if the 

differences in national abilities to innovate and imitate persist. After a time lapse, 

most countries can imitate the new commodity and restore technological parity, 

eliminating also the basis for trade. Freeman (1963) and Hufbauer (1966) have 

stressed the differences in the factors which determine the specialisation before 

and after the imitation process takes place. Thus, during the innovation process the 

effects of patents, commercial secrecy, static and dynamic economies of scale 

prevail. However, once imitation occurs, the specialisation will be determined by 

the traditional process of adjustment in production cost and competitiveness. 

In Hirsch (1965) and Vernon (1966), the technological asymmetries are 

associated with distinct phases in the evolution of a technology and a specific 

international distribution of innovative capabilities in the production of new 

commodities. For the initial phase, innovative advantage is the main feature, 

explaining the production of new commodities in the advanced countries. Over 

time, the technology evolves into a mature phase, characterised by the 

standardisation of products and processes. In this latter phase, international 

competition is based on production cost advantages and the technology can be 

transferred to the less developed economies, whose comparative advantage lies in 

their lower real wages. In this respect, the pattern of trade is considered a process 

of technological divergence and convergence, for which the innovative process 

induces divergence while imitation and diffusion induce convergence between 

countries. 



In so doing many of these studies have undoubtedly scored points with 

policy makers who have increasingly come to recognise the significance of 

technology for international competitiveness. The theoretical basis of these 

contributions remains however poor. This is in fact not surprising. The 

introduction of "technology" in any kind of trade model, whether of the classical 

or neo-classical sort, raises many challenges. The complexity of the phenomenon 

of technological change on the one hand (with its dual impact on efficiency 

new demand) and the essential dynamic "change" perspective implicit in the 

concept of technological change on the other, are difficult to handle in their 

globality in any kind of economic model. 

The recent "structuralist/evolutionary" formal approach show increasing 

attention to uneven international technological change as an engine of growth with 

emphasis on the dynamics of specialisation as in Metcalfe (1989), Amable (1992), 

(1993), Boggio (1993) and Soete and Verspagen (1992) and, on the dynamics of 

catching-up as analysed in Verspagen (1990), (1991) and Dosi and Freeman 

(1992). 

In this context, the formal approach developed in Dosi and Soete (1983), 

Cimoli (1988), (1991), Dosi, Pavitt and Soete (1990), Canter and Hanusch (1990) 

and Cimoli and Soete (1992) has pinpointed the importance of the interplay 

between absolute and comparative advantages as determinants of the participation 

of each country in world trade, the dominance of technological gaps in the process 

of international specialisation, and the bounds imposed by the dynamics of 

innovation and trade on the "growth possibility sets" of each economy. 

On the determinants of absolute and comparative advantages, technological 

gaps -in terms of product and process innovation- and institutional asymmetries - 
in terms of the main form of organisation of labour markets- contribute to 

determining the pattern of specialisation and its evolution over time. On the 

demand side, on the other hand, the asymmetries in the national consumption 

patterns, which regard the price and income elasticities, play a crucial role for the 

interplay between specialisation and macroeconomic level of activity. Finally, the 

trade balance condition determines the growth rate differential of trading 

economies, as has emerged in the well-known Kaldorian export-base models 

(Kaldor (1966),(1975), Kennedy and Thirlwall (1979), Thirlwall (1980). Dixon 

and Thirlwall(1975)). 

The main characteristics of this approach can be viewed not only in terms of 

modelling methodologies, but also in the ways in which some of the empirical 

properties of the world economy are considered. Thus, the 

structuralist/evolutionary approach has tried to account for what can be reasonably 



considered as some fundamental properties affecting the interplay between trade 

and growth: a) the different commodities show a wide range of price and income 

elasticities; b) the rate of growth of each economy is normally constrained by the 

need to balance the foreign account; c) wage rates are mainly determined by 

institutional factors which account for the mechanism that relates wage and 

productivity over time; and d) the interplay between technical change, trade, and 

growth has to be interpreted as a mechanism that generates a tendency to converge 

to an equilibrium in the world rate of growth only as a particular case. 

h Part I, building on these ideas we shall demonstrate here that the growth 

of the relative trading partners depends not only on the demand structure of each 

economy constrained by the balance of payment conditions, but also on 

differences in technology. Furthermore, the technological gap will be introduced 

as one of the main variables explaining the pattern of growth possibilities through 

the effect of what we will refer to here as the technological gap multiplier. h a 

sense, this concept can be considered a new element for the definition of a larger 

taxonomy of trade interdependencies from which one can also obtain the standard 

results of the traditional approaches to balance of payments constrained growth as 

a sequence of particular cases. We shall also demonstrate that the traditional 

results associated to the multiplier mechanism in the determination of Keynesian 

levels of activity in open economies, the elasticity and the absorption approaches 

to the balance of payments and the Harrod-Kaldor foreign trade multiplier are 

valid only for the particular case of a fixed pattern of specialisation or small 

technological gap multiplier. The model developed here is from this perspective 

fully generalizable, i.e. to explain trade between countries with different 

technological gaps (North-North, North-South or South-South). 

h Part 11, we shall adapt the model to the analysis of the endogenous 

evolution of the pattern of trade. The dynamics of the national productivity levels 

and comparative (dis)advantages will be determined by a law of dynamics of 

increasing returns and a cumulative learning mechanism'. The dynamics of 

specialisation for the commodities produced in the home and foreign economies 

are explained by the differences in technological capabilities -approximated by the 

technological multiplier- and the evolution of wages and productivity levels over 

time. 

On the grounds of this context, we shall emphasise the interplay that exists 

between the dynamic endogenous changes of comparative advantages, 

specialisations, and the national consumption patterns for the determination of 

In Cimoli (1991) the dynamics of comparative (dis)advantages is determined by the shares of the 
home and foreign commodities prduced in the world economy; a similar dynamic approach in a 
more marked evolutionary context is developed in Metcalfe (1989). 



growth possibilities. The national consumption patterns are determined by a mix 

average of income and price elasticities for a pattern of endogenously-determined 

specialisation. Thus, the sectoral distribution of specialisation can determine a 

divergence between the production and consumption pattern at the national level. 

In this context, as introduced in Pasinetti (1981), the asymmetry in domestic and 

foreign consumption pattern is considered as a key element in the explanation of 

the convergence vs. divergence in the output rate of growth. 

A stable pattern of specialisation or its dynamics can give rise to a 

consumption pattern that interacts in the determination of a process of 

convergence or divergence in the output rate of growth. In this context, we shall 

demonstrate that a balanced growth path exists, but this is a particular case among 

different scenarios dominated by forging-ahead and falling-behind perspectives. 



Part I 

I) The pattern of specialisation and technological paps 

The model presented here is based on Cimoli (1988), Dosi, Pavitt and Soete 

(1990) and Cimoli and Soete (1992) which has been further analysed in the 

empirical studies developed in Soete and Verspagen (1992) and Beelen and 

Verspagen (1993)2. We shall consider the technological capabilities of trading 

partners in the production of two sorts of commodities: Ricardian and Innovative 

commodities. In our model' the technological asymmetries between countries will 

be related to both comparative and absolute advantages, leaving aside the issue 

about the dominance of one over the other. Technological "gaps" can then be 

related to absolute advantages (for instance in terms of product innovations) and 

comparative advantages (for instance in terms of process innovations 

approximated by differences in unit labour costs, productivity and wages). Other 

asymmetries related to the demand structure and labour market will however also 

be considered and determine jointly with the differences in technology the process 

of international specialisation and the delimitation of the growth possibility "set" 

for each country. In other words, we shall be considering a highly stylised model 

whose purpose it is to account J- for the impact of these asymmetries and the 

balance of payment constraint upon the growth possibility of each economy. 

The main characteristics and assumptions of the model are the following: 

1) there are two countries, a home and foreign country, producing n 

commodities and using one factor of production. In other words we will consider a 

highly stylised 2xnxl model; 

2) there are two sorts of commodities: Ricardian (or standardised) and 

innovative ones; 

3) the Ricardian commodities can be produced and exported by both 

countries, the innovative commodities only by the foreign country. In other words, 

it is the home country which can be considered as the technologically backward 

one; 

4) markets are not assumed to clear. In particular in the case of the labour 

market, wages can be considered as being exogenously determined and related to 

institutional factors in each country; 

See, Dornbusch, Fischer and Samuelson (1977), Wilson (1980). and Collins (1985), on a 
continuum of goods. 



5) it is assumed that each country faces a different import demand structure 

associated mainly to the income and price elasticity for each commodity: i.e. we 

do not assume homotheticity of the demand function. 

We start with the idea of a continuum of goods which can be ordered by a 

real index on an interval [o,zl], where zl is the number of commodities produced 

in the world economy. A continuum of goods implies that each good corresponds 

to a real number on the interval. We propose to order the set of commodities in 

terms of the increasing technological intensi9 of each commodity, from 0 to zl .As 

many empirical studies3 in the trade and technology area have shown, the 

assumption that product can be ranked by some proxy of technological intensity, 

to a large extent irrespective of the particular country, is very much supported by 

the available empirical evidence. 

Technology intensity can, in other words, be translated into empirical terms 

in a relatively straightforward manner; e.g. expenditures (direct and indirect) on 

R&D (David 1988). the number of patents granted Pavitt and Pate1 (1988) or the 

quality index of economic activities and the historical evolution of traditional and 

innovative commodities (Reinert (1993)). In the model which follows, we will 

assume that the technological intensity of the commodities is monotonically 

related to the technological gap between the two trading partners: i.e. the 

difference in production efficiency in the two regions grows monotonically with 

the technological complexity, difficulty of imitation and lack of appropriate skills 

for the production of the commodities4 . 
We can now analyse the process of the introduction and imitation of new 

commodities. The technology gap and product life cycle approaches have 

emphasised the fact that the introduction of new products is not uniform across 

countries. This international difference in the capability of developing product 

innovations is an important feature of the pattern of trade. In our model, we will 

assume that most of the new products are introduced by the foreign country, and 

only later by the home country once it has learnt (and/or imitated) how to produce 

these goods. In order to introduce the innovation commodities into the pattern of 

trade the range of commodities [o,zl] must be rearranged. The range of 

commodities is divided into two distinguishable sets: [o,zo] and [zg,zl], where 

z l>~g.  In the first set the established, "old" commodities are ranked; z0 is the 

number of old commodities produced in the world economy. These commodities, 

which we will call Ricardian commodities, are characterised by a lower 

For an overview see Soete (1987) and Dosi, Soete and Pavitt (1990). 
This is of course a theoretical abstraction; one can cite plenty of empirical examples of high 

technology goods quickly imitated and efficiently produced by less developed countries. However. 
as a general assumption, i t  does not do too great a violence to historical evidence. 



technological intensity than the innovative commodities, and can be produced by 

the home and foreign countries. The second set orders the innovative commodities 

which can only be produced by the foreign country. 

At any given point in time there will be a notional equilibrium distribution 

within the whole product range between Ricardian and innovative commodities 

which is given. We develop the model below by assuming a given zl and zO. The 

whole set of commodities will be distributed over the innovative and Ricardian 

sets, as shown in figure 1. It will be clear that this is only an analytical device 

which will help us in exploring the properties of the system: as a matter of fact the 

process of technological change will continuously increase the whole range of 

commodities over time. 

Ricardian Innovative 
Commodities Commodities 

m 
z 0 1 

z 

Figure 1 

Let us now define the group of Ricardian commodities and the specialisation 

criteria associated with them. These commodities are produced and exported 

either by the home or the foreign country according to the relative production 

costs (denominated in a common unit), which are explained by the technological 

gap. By technological gap in Ricardian commodities we mean the unequivocal 

difference between the home and foreign country in input efficiency; i.e. the 

superiority/inferiority of the input efficiencies independent of relative prices. The 

production of these commodities in one region or another depends in other words 

on the differences in, for example, labour and capital input efficiencies. These 

differences can be applied to cases where the techniques of production - in terms 

of quality and type of machinery employed, etc. - are similar andlor different. The 

specialisation pattern sets can thus be specified in terms of our definition of the 

technological gap in Ricardian commodities, in the first instance differences in 

labour productivities. 

To begin with and for the sake of simplicity, let us assume that labour is the 

only factor of production. The level of wages is related to the specific labour 

market features of each country's economy. Profits are zero in both regions. The 

Ricardian commodities can now be indexed on the interval (o,zo] of our 

continuum of goods, where z represents one particular commodity associated with 

a point on the interval. These commodities can be produced in the home and the 



foreign countries, the constant labour input coefficients are denoted by a*(z) for 

the home country and a1 for the foreign country for each commodity; thus, the 

Ricardian commodities are ranked on a continuum according to the relative input 

coefficients in both countries. In others words, on this interval, we can 

superimpose the ordering related to the home-foreign relative labour input 

efficiencies. 

Moreover, it can now be assumed that the home economy is more efficient 

in the production of the commodities with low levels of technological intensity, 

whereas foreign relative efficiency is higher for the commodities nearer to the 

innovation interval. With ,regard to the Ricardian commodities, we may thus 

define the following function: A(z)=a*(z)/a(z), where A'(z)S5. Thus, the function 

A( ) ranks the Ricardian commodities in terms of an increasing foreign-home 

technological gap. 

Within the range [o,zg], international specialisation will take place in the 

foreign or home country depending on wherever it is cheaper to produce at current 

wages and labour productivities. Let w* and w denote the home and foreign wages, so 

that any commodity z will be produced in the foreign countq when a(z)wla*(z)w*.~his 

inequality with an equality sign defines the borderline commodity Z, which can be 

written as the following function: ?=A-'(w) where ~ = w l w *  denotes relative 

wages and A-'( ) the inverse function of A( ). The process of specialisation is 

shown in figure 2. For a given relative wage W, the home country is specialised in 

the set of commodities [o,Z], and the foreign country in the set [Z,zl]. An increase 

in the foreign wage relative to the domestic wage reduces the set of commodities 

that the foreign country can competitively produce, and vice versa. The effect of 

any given change in the relative wage on the borderline commodity Z is related to 

the slope of the A( ) function6. 

Note that the domain of the function A( ) is [o,z], which is assumed to be differentiable and 
invertible. We can also note an important point about the assumed unit labour requirement 
function A ( ) :  this ensures that the goods are ordered by an increasing comparative advantage of the 
foreign country relative to the home country. With both Labour and Capital inputs, and assuming 
the labour force is homogenous - in terms of capabilities to use different and similar machinery - in 
the home and foreign countries the commodities are ranked in terms of the increasing capital input 
efficiencies. The results obtained from this simplified model also apply in those cases where there 
are capital inputs and positive profits when there is no "reswitching of commodities". See Dosi, 
Pavitt and Soete (1990). 

Within this framework we can note two extreme cases of possibility of "non specialization", i.e., 
when A( ) is vertical or horizontal the specialization is indeterminate. In the latter case when 
A()=l ,  the labour productivities in both regions are identical for each commodity and 
consequently there are no technological differences between both countries. 



Figure 2 
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Following the technological-gap definition discussed earlier, on the slope of 

the A( ) function gives us a representation of the domestic (andlor foreign) relative 

efficiency in the production of Ricardian commodities. The pattern of 

specialisation for a given A( ) function (and thus also for a given technology gap) 

is determined by relative wages. Insofar as a change in the borderline Z is a 

function of the change in relative wages, we can write: 

(1) 

I 

we shall call yr the technological gap multiplier, where =z/A JNaz7 . 

- 

/! 
z z 

0 
z 
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The technological gap multiplier approximates the sensitivity of the pattern of 

specialisation to the changes in relative wages for a given A( ) function. Thus for a 

large y,, an increase in relative wages will considerably increase the amount of the 

commodities domestically exported; when y, is small an increase in W implies a 

small change in specialisation. Changes in relative wages thus have a significant 

effect on the share of commodities produced only when the technological gap 

multiplier is large. For an increasing (decreasing) technology gap in Ricardian 

The parameter yAZ may be interpreted as the elasticity of the comparative advantage ratio with 
respect to the index z or the elasticity of the technological gap with respect to Ricardian 
commodities. A larger (smaller) yAZ implies a steeper (flatter) A( ) function which is associated 
with a large (small) variation in the technology gap. When the technology gap is large in several 
commodities, domestic relative efficiency will decrease considerably with the increase in the 
number of commodities produced and exported. In other words, the domestic economy is 
confronted with a large technology gap when an increase in z is associated with a large increase of 
foreign relative efficiency 



commodities, changes in relative wages produce a small (large) change in the 

specialisation. 

Another pattern of specialisation emerges when the foreign country produces 

and exports only the innovative commodities and the domestic country all of the 

Ricardian commodities, i.e. Z=Q. Figure 2 shows that in this case an increase in 

relative wages will not have any effect on the pattern of specialisation, which is 

solely explained by the relative innovation and imitation capabilities related to 

product innovations in each country. The pattern of specialisation assumed in 

Krugman and Dollar's model can thus be considered as a particular case of our 

models. In this case the model assumes a given pattern of specialisation and the 

relative growth between countries will be related mainly to the differences in the 

demand structure and the length of the Ricardian and innovative commodity sets. 

II) S~ecialisation. the structure of demand and the balance of Davments 

constraint 

In the analysis which follows, we shall now investigate how the 

asymmetrical effect of demand can be integrated into the model presented in the 

previous section. 

Let us start with the specification of the demand functions. We have chosen 

to specify the domestic and foreign demands for imports, since in our model that 

is what counts in determining the balance of trade equilibrium condition. In the 

first instance we are interested in per capita demand. This will make it easier to 

relate the analysis with the levels of employment in both regions. 

The demand for a commodity z can be expressed as follows: 

where: 

P*(z) and P(z) represent per capita domestic and foreign import expenditure 

shares; 

See Krugman (1979) and Dollar (1986). 



m*(z) and m(z) the per capita domestic and foreign demands for imports; 

and 

p*(z) and p(z) the domestic and foreign prices of commodity z. The demand 

function that emerges from equations (2) and (3) can be different for each 

commodity z and the import expenditure shares will not be constant. 

Consequently, as prices and wages change the domestic and foreign expenditure 

shares will also change depending on the income and price elasticities of the 

commodities imported into each country. 

Dornbusch, Fisher and Samuelson (1977), proceeded to close the model by 

assuming strong homotheticity of the demand function; Wilson (1980) extended 

this model with respect to the demand structure and the number of countries. Both 

models have been closed by requiring the labour market to clear. In this respect, 

our model is radically different. We consider fundamental the differences between 

countries in the structure of demand and the institutional arrangements in the 

labour market, which in our view will be more generally of a non-clearing nature 

rather than vice versa. More precisely, we will try to account for: (a) the large 

range in price and income elasticities of the different commodities represented by 

the continuum of goods; and b) the determination of real wages as a result of the 

forms of organisation and the norms of adjustment which prevail in the home and 

foreign country. By bringing these hypotheses into the picture we will be able to 

bring together the technological differences, the pattern of specialisation and the 

labour market specificities of each country. 

It will be clear that the latter assumption will allow for the possibility of 

introducing asymmetries in income and prices elasticities between domestic and 

foreign import demand, so that the model can reproduce the usual result of growth 

models with balance of payments constraints. 

Assuming that O<Z<zo , which defines a pattern of specialisation between 

the home and the foreign country, we can write: 

(4) 

where, 

r* is the share of the wage in the home country spent on the innovation and 

Ricardian commodities produced in the foreign country; and 



r is the share of the wage in the foreign country spent on the Ricardian 

commodities produced in the home country. 

To get an expression of the balance of trade equilibrium condition we must 

now specify total domestic imports and exports. These can be expressed as9 : 

(6)  
M* = Y*r*(p*,z,zl 

(7) 
x* = YT(P, 2) 

where M* is the total import demand in the home country, X* is the home export 

(i.e. the import demand in the foreign country), Y* and Y are the home and foreign 

incomes in which wages are the only component. Then the trade equilibrium 

condition is: 

y * r * = y r  

Rearranging (8) and substituting for P* and P, we obtain 

The domestic relative income depends on: (a) relative wages, which have 

itself an impact on relative prices, the demand for the commodities domestically 

imported and exported, and the pattern of specialisation; (b) differences in the 

parameters that define the demand structures; and (c) the technological gaps that 

together with wages determine the limit of integration Z. 
Equation (9) tells us that the domestic relative income which ensures the 

open-economy macroeconomic equilibrium is a function of the foreign and 

domestic shares spent on imported commodities. It is clear that T* and r can also 

be interpreted as the import propensities in the home and foreign country, 

respectively. In this sense, equation (9) can be taken as a static formalisation of 

Harrod's foreign trade multiplier, as revived by Kaldor and Thirlwalllo. 

The model will be considered under the conditions of O<T<1 and 0<~*<1. In the two extreme 
cases when r=0 r*=0 and r=1 r*=1 we have either no trade or 'total' trade (i.e. everything which 
is produced is exported) between the two countries. 

As  in Kaldor (197.5). Kennedy and Thirlwall (1979), Thirlwall (1979). (1980), Thirlwall and 
Dixon (1979), Thirlwall and Hussain (1982). 



Our approach is however significantly different from the latter since we are 

also allowing for the possibility of changes in the pattern of trade. That is, changes 

in the domestic relative income are not only a function of foreign income and the 

demand for imports, but are also dependent on changes in the pattern of 

specialisation. In this respect, the changes in the real wage affect the demand for 

imports, the impact of which is weighted by the price and income elasticities of 

each commodity, and the range of commodities produced and exported by both 

countries. The impact of the latter effect is itself determined by the relative 

differences in the input labour efficiencies in the production of Ricardian 

commodities, defined as the technological gap. By introducing the possibility of 

changes in the pattern of specialisation, we will be able to link the technological 

gap and differences in the demand structure, which will explain simultaneously 

the domestic growth possibilities. 

Let us now summarise the implications of our model so far. 

First, the model allows us to link the pattern of specialisation with 

differences in the demand structure between the two countries. Technological gaps 

determine the set of possible patterns of specialisation and the asymmetry in 

demand determines the different effects on the quantities produced and exported 

of each commodity. From this picture, we will now be able to provide a link 

between the conditions which determine the pattern of specialisation and a 

"Keynesian" determination of the levels of activity. 

Second, it is important to stress the difference between our present model 

and the standard approach to growth based on the balance of payment constraint. 

In the latter the pattern of specialisation is given, and the only factor that affects 

relative income is the difference between the two countries in the demand for 

imports and growth rates. In our model the quantity of different commodities that 

each country produces - determined by the specialisation pattern - and the demand 

effect - that determines the quantity of each commodity produced - are 

simultaneous factors in the determination of relative income. 

III) Technical progress and the technological multiplier with a balance of 

payment constrained growth 

In this last section, we shall put forward the dynamic extension of the model. 

We begin by analysing the effect of uniform technical progress on relative 

efficiencies in the production of Ricardian commodities in the two countries. 

Technological change does not only lead to the introduction of new commodities, 



it will also be a crucial factor for the efficiency with which existing products are 

being produced. In other words, the innovative and imitative capabilities in the 

two countries will be used in the development of both new products and the 

improvement of production processes. In the latter case, technological progress 

will be defined by the reduction in the unit labour requirements for the production 

of Ricardian commodities. All process innovations will increase labour 

productivity in the foreign country and its relative efficiency. Conversely, all 

process imitation will increase domestic relative efficiency in the production of 

Ricardian commodities. In other words, process innovations induce divergence 

whereas process imitations induce convergence of the productkty levels between 

countries. 

The increase of labour productivities in the two countries depends thus on 

the innovation and imitation capabilities as they are translated into the production 

of Ricardian commodities in the foreign and home country respectively. Under the 

assumption of uniform technical progress across commodities in both economies, 

the per cent change in the labour required to produce domestically a unit of good 
- * 

z, a , or abroad, a, can be expressed as: 

(10) 

where g is the domestic rate of imitation and i the foreign innovation rate. 

Uniform technical progress implies that -1%*<0 and -1<c<0, where E,* and E, can 

be interpreted as the translation of the imitative and innovative capabilities in the 

production of Ricardian commodities. If c*=E,=-1, the innovative and imitative 

capabilities developed in the production of new commodities are fully used in the 

production process. It is clear that the differences in productivity growth will 

depend on c*, and the innovative and imitative rates. 

As illustrated in figure 3, uniform technical progress in the home country (or 
0 0 a uniform reduction of unit labour requirements) will shift the schedule A A 

downwards, thus allowing for a given relative wage ratio a wider specialisation 

pattern with a gain of some products. The opposite applies in the case of a uniform 

reduction of the unit labour requirements in the foreign country. Two extreme 

cases are illustrated in figure 3. For example when E,=0 e.g. (technical progress 
0 0 -  takes only place domestically), the schedule A A in figure 3 would shift 

downwards to AVA". 



For c*=O, a uniform reduction of unit labour requirements in the foreign country 
0 0 would shift the schedule A A upward to A'A'. 

The model accounts thus for the general divergent and convergent 

technology gap patterns: an increase in innovative capabilities in the foreign 

country - related to more efficient production methods - implies divergence in 

technological gaps; an increase in imitative capabilities in the home country 

convergence. Under the hypothesis of uniform technical progress the changes over 

time in ri can be expressed as: 

. i = W[(+- +*) - ( c i - ~ * ~ ) ]  

As equation (12) illustrates, the changes of ri is a function of the per cent 

change in wages and productivities in both countries. Two important aspects of 

equation (12) need to be stressed. 

First, the change in 2 gives the adjustment in the pattern of specialisation 

among Ricardian commodities, which captures mainly the sensitivity of the 

system to changes in relative wages and productivities (the relative unit labour 

cost in both economies). Thus, the (imitative) home country willing to increase its 

wage at the same rate as the (innovative) foreign country without losing 

competitiveness in the production of Ricardian commodities has to sustain a rate 

of imitation in production processes (productivity improvements) equal to the rate 

of innovation of the foreign country. The home country may catch up if its rate of 

productivity is higher than in the foreign country. Conversely, a smaller rate of 

imitation (or rate of productivity growth) implies a reduction in the range of 

commodities produced domestically; the pattern of specialisation moves in favour 

of the foreign country increasing its relative efficiency in the production of 

Ricardian commodities. 

Figure 3 
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Second, the significance of the multiplicative form that assumes the 
Z differences in technology between the two countries (yf=l/@ ). The changes in 

the pattern of specialisation are weighted by the technological gap multiplier, 

which accounts for the initial distance in productivity levels between the two 

countries. There is thus a limit to how wages and productivity improvements can 

induce changes in ~~ecialisat'ion when the existing technological gap is already 

high (think, for example, of the case of trade between less developed and 

industrialised countries). Conversely, in case of a small technological gap, 

adjustments in the pattern of specialisation will be very sensitive to changes in 

wages and productivities (think, for example, of trade between industrialised 

countries). 

The different possible impacts on changes in the pattern of specialisation are 

surnrnarised in table 1. 

Table l* 
* where: + stands for "in favour of domestic country", and 

- stands for "in favour of foreign country". 

Decomposing equation (12) we have: 

where gw can be interpreted as the weighted per cent change in relative wages and 

oh as the difference in productivity changes in the two countries and 8, = (8,- ~ h ) .  

In order to get an expression for the domestic relative income growth, we 

need now to specify the per cent change in the share spent on imports. Let p*(z) 

and p(z) denote the per cent changes in the domestic and foreign shares spent on 

the import of commodity z, so that: 

(1 5 )  



Table 2 

A Taxonomy of Trade Interdependence in a Technological Gap Model 

Domestic 
relative rate of 

growth 

Import demand 
effect 

w>w* - 

E=E* =I 

Factoral terms of 
trade effect 

Technological and 
specialisation effect 

h* 
q>l,q* <1 

11 < 1.11' > 1 

&>I,&* <1 

&<I,&* >1 

depends on 
Technological ga 

a) small Y 
b) large Y 

c) small or large Y 

* 
11=q =1 

multiplier 

a) decrease 
b) depends on 
which effect 
prevails 
C) increase 

w>w* - 

E=E* =1 

E< I,&* >1 

E=E* =1 

E< I,&* > 1 

depends on 

small or large Y 

a) small Y 
b) large Y 

increase 

a) decrease 
b) depends on 
which effect 
prevails 

p>p* 

q = q * = l  

* 
q=q  =1 

q < 1,q* > 1 

q<l,q*>l 

faster increase of 
Domestic productivitv 

it, >o 

a) small Y, if, > 0 

b) large Y, it, > o 
a) small Y, 0, > 0 

b) large Y, it, > 0 

a) small Y, 8, < 0 

b) large Y, 8, < 0 

small Y, 8, < 0 

depends on 
which effect 
prevails and 
elasticities 
increase 

depends on 
which effect 
prevails 

a) decrease 

b) depends on 
which effect 
prevails 
decrease 



where E* and E are the income elasticities, and q* and q the price elasticities in the 

home and foreign country respectively. Equations (15) and (16) capture the 

demand absorption and price effects; note that the changes in prices can be 
. . .  ' *  ' *  ' *  

decomposed as: p=w+a and p =w +a . 

The demand function for the domestic and foreign imports are assumed to take a 

multiplicative form with wages and prices as the two components, weighted by the 

income and price elasticities. The model thus accounts for differences in the 

demand structure as another determinant of the relative growth between the two 

countries. The per cent change in the domestic relative income follows then from 

the following equation: 

(17) 

Equation (17) illustrates how the domestic relative rate of growth 

compatible with the trade balance constraint is a function of: (a) the difference in 

the demand structure between the two countries (i.e. the income and price 

elasticities in both economies); (b) the changes in the per capita demand 

absorption of imported commodities and the changes in relative prices andfor 

factoral terms of trade (i.e. O* and p); and (c) the technological multiplier and the 

relative changes in the pattern of specialisation (i.e. v, Bw and 8h ). The net effect 

on domestic relative income will depend on how these changes are compensated. 

Table 2 indicates a large taxonomy of different cases resulting from this 

model according to the intensity of technological multiplier; the changes in the 

specialisation pattern associated to differences in wages and labour productivities; 

and the changes in the respective import propensities. More precisely, the 

following general properties of our model can be derived from equations (IS), (16) 

and (17): 

(i) As illustrated in the previous section, when the technological gap multiplier is 

small the pattern of specialisation will remain stable. Thus, the change in domestic 

income depends on how the deterioration of the terms of trade and the increase in 



foreign imports will be compensated. For a technology gap multiplier near zero, 

the model will tend to reproduce the same conclusion as in the case of complete 

specialisation; the home country does not benefit from an increase in the wage 

andlor labour productivity abroad, since the domestic relative income will have 

deteriorated. A similar case exists when Z=zO, i.e. when the foreign country 

produces only the innovative commodities and the home country the Ricardian 

ones; domestic relative income will again only be affected through the demand 

and price changes. 

(ii) if the pattern of specialisation remains stable (i.e. ignore the third term 

on the right hand side of eq~ation 17), and if both countries have a similar demand 

structure with income elasticities equal to unity and price elasticities less than 

unity (i.e. ignore the first part on the right hand side of both equations 15 and 16); 

a faster increase in domestic than foreign prices will lead to a higher domestic 

relative rate of growth (p(z)>p*(z)). Conversely, a deterioration in the domestic 

factoral terms of trade will be associated with a lower equilibrium growth rate. In 

this case (and under the additional assumption of constant labour input 

coefficients) the effects of an increase in domestic relative wages will be identical 

to an improvement in the domestic factoral terms of trade. An improvement of the 

domestic terms of trade can however also be associated with a deterioration of 

domestic relative income when the home country's price elasticities are high (i.e. 

q*>l), i.e. as in the celebrated case of irnmiserizing growth. 

(iii) Under the assumption of (again) a stable pattern of specialisation, a 

similar demand structure in the two countries but with domestic and foreign price 

elasticity equal to 1, (ignore this time the second part on the right hand side of 

both equations 15 and 16), a faster increase in per capita domestic import demand 

than in the foreign country will lead to a relatively lower domestic rate of growth 

(p*(z)>p(z)). The demand absorption effect will be related to the asymmetry in the 

domestic and foreign income elasticities; thus for the extreme cases when &*<I 

and -1 the domestic relative rate of growth, as a result of a faster relative per 

capita income demand could actually be higher. In other words, and as emphasised 

in much of the trade and development literature, the effect of the asymmetry on 

import demand is associated to the "type" and the income elasticities of the 

commodities produced and exported in both countries (one may think here of the 

case of primary and manufactured commodities or the different income elasticities 

associated with low and high tech products). 

(iv) In so far as changes in wages and productivities have also an impact on 

the specialisation pattern, most of the effects described above can be neutralised 

by the changes in the pattern of specialisation, which could move in favour or to 



the detriment of the domestic country. What emerges, in other words, is that the 

traditional income growth effects due to relative changes in prices and wages and 

differences in the demand structure are not so clear (let alone obvious) once the 

possibility of changes in the pattern of specialisation are considered. An increase 

in the home wage will for instance reduce the range of commodities domestically 

produced and exported and will consequently change the pattern of specialisation 

in favour of the foreign country. The domestic relative rate of growth will decrease 

proportionally with the technological gap multiplier. Thus in case of a large 

technology gap multiplier, a large number of commodities might be lost for the 

home country. By contrast in case of a small technological gap multiplier, the 

model will take the form of complete specialisation and changes in the domestic 

relative income will be primarily explained by the demand structure and price 

effects. 

An increase in the foreign wage, on the other hand, when the technological 

gap multiplier is small - with consequently little impact on the pattern of 

specialisation - will affect the domestic rate of growth negatively via the 

worsening of the terms of trade. If the technological gap multiplier is large, 

however, the negative effect for the home country on the terms of trade can again 

be compensated by an increase in the amount of commodities exported by the 

home country. 

The model illustrates for example, that it is particularly in the case of 

countries with relatively less of a technological gap that the technological gau 

multiplier will have its most significant effect on the pattern of specialisation, i.e. 

in the case of North-North or South-South trade, rather than in the extreme 

stylised North-South case. It is worth noting that the evidence with regard to the 

dominance of "intra-industry" trade between advanced countries and the 

importance of product differentiation in such trade flows fits this result neatly. 

In the case of a large technological gap on the other hand, it is the reduction 

of the technological gap which will improve most clearly the domestic relative 

rate of growth. Here, as in the Krugman model, it is the reduction in the difference 

in technology with the North which will most directly increase the relative rate of 

growth of the South. 

Looking back at the results obtained in equation (15) and (16) and recalling 

the definitions introduced in equations (13) and (14), we might consider three 

particular "stylised" cases. As before all these cases will be under the assumption 

of asymmetry in import demand, different behaviour in wages but uniform 

technical change in the two countries. 



In the first case, the rate of productivity growth is identical in both countries (eh 

=O); domestic wages do not grow (we*) and the rate of growth of the foreign 

wage is given by w=< i,The difference in wage behaviour can be expressed as ew 
>O. Under these assumptions, p* will be equal to and 0 less than nil. It then 

follows from equation (17) that domestic relative income will grow, if the change 

in the specialisation effect prevails over the negative effect of the asymmetry in 

import demands or, in other words if the technological gap is reduced. If however, 

as we already mentioned above, the technological gap is very large (i.e. the 

technological gap multiplier va), domestic income will in any case decrease. 

In the second case, we consider that labour productivity growth occurs only 

in the home country (< .- =0) or &<o, whereas wage growth is the same in both areas (itw 

=O). The resulting changes in import demands are again given by p*=O and p<0. 

As in the Prebisch-Singer case, the negative impact on domestic income is 

represented as a deterioration in its terms of trade. The positive effect, however, is 

given by the change in the specialisation. If the deterioration in the terms of trade 

prevails, the net effect will be a diminution of domestic relative income. 

In the case we assume that it is the home country which produces only 

the Ricardian commodities and the foreign country only the innovative ones (2 
=zO). The pattern of specialisation is now "fixed" and the changes in wages do not 

affect the quantity of commodities produced in both countries. The difference in 

the relative rate of growth is only related to the length of the set of Ricardian 

versus innovative commodities and the asymmetries in import demand. Growth in 

domestic relative income will now depend on the imitative and innovative 

capabilities in the home and foreign country in product innovations as in the 

stylised case of Krugman (1979) and Dollar (1986). 



II Part 

I) Comparative (dis)advantages and specialisation 

This part is organised as follows. Section I reproduces the basic model 

introduced in the first part on the grounds of the determination of comparative 

(dis)advantages and patterns of specialisation. Section II describes the mechanism 

that explains the interaction between the Harrod foreign trade and technological 

gap multipliers. In section III we introduce a mechanism that describes the 

increasing returns and technological cumulative learning. Ln section IV we analyse 

the endogenous dynamics of comparative (dis)advantages and specialisation. A 

solution of the model is introduced in section V. 

In what follows, we will assume that the technological intensity of the 

commodities is related to the technological gap in input efficiency independent of 

relative prices for the production of these commodities. The commodities are what 

we have called Ricardian commodities and are able to be produced both by the 

home and by the foreign country. 

Let w and w* denote the wages in the foreign and home economies, 

~ = w l w *  denotes the relative wages measured in each common commodity; 

~(z)=ll(z)=.n(z)l.n*(z) is the labour productivity function which ranks the 

produced commodities for the whole set in terms of an increasing technological 

gap. Thus, the borderline commodity Z, which determines the pattern of 

specialisation, can be written as the following function: 

(18) 

Z=Z [w(t),n(z,t)] 

Differentiating equation (18) we obtain the changes of Z over time, under 

the assumption of exogenous technical progress in the production of existing 

commodities as also result from equation (12), which are described by the 

following equation: 

(19) 

i =  w[(Q-Q*)+(t* - f ) ]  

' *  ' *  where w, k and w , .n are the per cent changes in wages and labour productivities 

in the foreign and home countries, respectively. 

Equation (19) can be considered as the basis for the analyses of the 

dynamics of comparative (dis) advantages which are related to the differences in 



the existing technological capabilities in the production of the Ricardian 

commodities and the dynamics of relative wages and productivities. There is 

therefore a limit as to how far the dynamics of comparative (dis)advantages can 

induce changes in specialisation when the existing technological multiplier is 

already small. Conversely, in the case of a large technological multiplier, 

adjustments in the pattern of specialisation will be very sensitive to changes in 

comparative (dis)advantages. 

II) The H m o d  foreign trade and technological gap multipliers 

Let us analyse how the comparative advantages and the dynamics of 

specialisation are introduced in a open macro-economic framework. In general, the 

composition and dynamics of specialisation flows are interpreted within a 

framework characterised by different sector-specific technological gaps between 

countries as introduced in the previous section, by generally nonclearing markets 

and by Keynesian-Kaldorian links between international competitiveness and the 

process that explains the general stylised facts of uneven growth as opposed to the 

particular case of balanced growth. 

Let us start by specifying the national consumption pattern as it has been 

introduced in the first part. Assuming that ocZ<zo, which defines the limit of 

changes in the pattern of specialisation between foreign and the home country 

from changes in wages, we may write, 

(20) 

r* (p* ,z, ZO) = P* (z)dz I 
where, 

r is the foreign share of wages spent on the Ricardian commodities 

produced in the home country; r* is the home share of wages spent on the 

Ricardian commodities produced in the foreign country; P(z) and P*(z) are defined 

in equations (2) and (3). 



In order now to obtain an expression of the Balance of Trade Equilibrium 

Condition, we must specify the total home imports and exports. These can be 

expressed as: 

(22) 
M * = Y * ~ * ( ~ * , Z , Z ~ )  

(23) 
X*=Y r(p,z) 

where M* is the total import demand in the home country, X* is the home export 

(i.e. the import demand in the foreign country), Y* and Y are the home and foreign 

incomes in which wages are the only component. Then the trade equilibrium 

condition is: 

(24) 

The per cent changes in the domestic and foreign shares spent on the import 

of commodity z. p*(z) and B(z), are the same as that obtained in equations (15) 

and (16). so that: 

(25) 

where E* and E are the income elasticities, and q* and q the price elasticities in the 

home and foreign country respectively. p(z) and p*(z) are the prices of commodity 

z produced in the foreign and home country, which are defined respectively as 

p(z)=w/p(z) and p*=w*lx*(z); thus the double factoral terms of trade will be given 

by w=w/w*. Equations (25) and (26) capture the demand absorption and price 
. . .  ' *  ' *  effects; note that the changes in prices can be decomposed as: p=w-x and p*=w -x . 

In this respect, the changes in the real wage affect the demand for imports, 

the impact of which is weighted by the price and income elasticities of each 

commodity, and the range of commodities produced and exported by both 

countries. The impact of the latter effect is itself determined by the relative 

differences in productivities, defined as the technological gap. By introducing the 

possibility of changes in the pattern of specialisation, we will be able to link the 



technological gap and differences in demand structure, which will simultaneously 

explain the cases of uneven and balanced growth. 

The per cent change in the domestic relative income then follows from the 

following equation: 

(27) 
y* -y=wE-w*r*  +w*?-wq* +@* - f i * q + ( i / g ) ~  

where: ~=g?(P*(z)/~*+P(z)/r),  E = ( ~ ( z )  - lb(z)dz, 

0 

Equation (27) illustrates how the domestic relative rate of growth 

compatible with the trade balance constraint is a function of: (a) the difference in 

the consumption pattern between the two countries (i.e. the income and price 

elasticities in both economies); (b) the changes in the per capita demand 

absorption of imported commodities and the changes in relative prices andlor 

factoral terms of trade (i.e. b* and p); and (c) the technological multiplier and the 

relative changes in the pattern of specialisation (i.e. \v). 
As emerges from the first part, the net effect on domestic relative income 

will depend on how these changes are compensated. Changes in wages and 

productivities not only have an impact on prices and demand for imports, but also 

on the dynamics of comparative (dis)advantages and specialisation. In this 

context, the technological gap multiplier assumes a multiplicative form which can 

amplify or reduce the effect of specialisation over the growth rate differential. This 

model can thus become an adequate representation of international differences in 

growth rate, whenever the technological capabilities, the regimes of national 

consumption formation, and the institutional set-ups that relate wages and 

productivities are asymmetriclsyrnrnetric and not stable over time. 



111) Dvnamic economies of scale and cumulative learning in comparative 

{disladvantages 

The model introduced here can be considered a sort of "theoretical abacus" 

which reproduces different scenarios characterised by specific linkages between 

technology gaps, dynamics of (dis)advantages, specialisation and the growth rate 

differential. In a general view, different scenarios can be represented on the basis 

of how the dynamics of productivities, wages and their interplay are introduced. 

As set out in Vaglio (1988), we shall use a sort of accumulative Verdoorn-Kaldor 

law that explains the dynamics of productivity in both countries and introduces a 

clear mechanism of dynamics economies of scale. Labour productivity depends on 

the cumulative output and the learning capabilities over time creating a process of 

strong irreversibility which, moreover, is uniformly distributed in the producing 

sectors. Let us now introduce an explicit form of the Verdoorn-Kaldor law" , 

where a and y are the Verdoorn-Kaldor parameters in the foreign and home 

countries. Y and yf are the cumulative capabilities in each economy, which are 

defined as follows, 

6 can be considered as a parameter that indicates how much the cumulative 

capabilities are related to the internationalisation of the learning process, 0565.1 

In other words, the parameter 6 can represent the international learning spill-over 

which symmetrically influences the cumulative capabilities in both economies. 

6=0 indicates that the cumulated and learning capabilities are related only to local 

effort or that the country does not assimilate international learning spill-overs. 6=1 

indicates that the capabilities are explained in tenns of the world economy as a 

whole and that technology can easily be obtained from abroad; in this case the 

assimilated learning spill-overs reach the maximum value. 

In a similar structuralist view of trade and growth, the endogenously technical change and 
increasing returns to scale on the basis of the Kaldor-Verdoorn are introduced in Amable (1992), 
(1993) and Boggio (1993). 



As we indicated earlier, the productivities in both economies are related to a 

sort of cumulative-learning Verdoorn-Kaldor law which determines the following 

dynamics of relative productivity: 

(30) 

The relative dynamics of productivity (dn*) is a negatively-sloped function 

with respect to the relative productivities (dn*). This equation is solvable for d n *  
on the basis of different values of relative incomes and the parameters indicated in 

the equation ( a ,  y and 6). ~ h u s ,  there exists an equilibrium value of d n *  for which 

the rate of productivity growth is the same in both economies, that is &*=l, and 

the equilibrium value will be reached in the domain of positive productivity in 

both economies. Figure 4 shows a family of curves which emerges from equation 

(30) for different y and fixed a and 6; thus, for each curve the relative 

productivities reach an equilibrium value for which ;d.n*=l. In Figure 4, when 

6=1, there exists a family of curves which determines a sequence of equilibrium 

values of relative productivities in terms of the Verdoorn-Kaldor parameters in 

both economies. The curve characterised by a==o.l and w.2 reaches an 

equilibrium value for (dn*)* which moves to the left side when y increases and to 

the right side when y decreases (see Appendix-fig. 4). 

Figure 4 Cynamics of cornparaiiw (Dk) -t- and Specioliu~tion 



In the particular case of a world characterised by perfect symmetric 

economies F a ,  we found that the equilibrium value is x/n*=l. When y>a the 

equilibrium value of relative productivities is lower with respect to the perfect 

symmetric economies, and conversely for yca. 

Moreover, the equilibrium value of (A*) can be considered as a function of 

(Y/~*) .  Taking equation (30) and solving it for the equilibrium value of the 

productivities that guarantee the same rate in both economies, we obtain the 

relative incomes: 

(3 1) 

the two extreme cases that determine the domain of this function are: 

which results for 6#1. Equation (31) describes a family of curves for different 

values of relative incomes (Y/~*), determining two extreme values of equilibrium 

for the relative productivities; thus, when the relative incomes increase, the 

equilibrium value moves to (dn*)'; when the relative incomes decrease, the value 

of equilibrium reached is (dn*)'. 

Equation (30) enables us to seek an equilibrium value of the relative 

productivities which determine a steady state solution of comparative advantages 

for given relative wages (w=w*=O). Consequently, from equation (19) when an 

equilibrium is reached it results that and, thus, a pattern of specialisation is 

endogenously determined on the basis of the interaction of the learning 

mechanism between the trading economies. 

Two cases can be underlined. First, when the spill-over effect reaches its 

maximum value 6=1, the world economy is characterised by the possibility that 

the technological knowledge and experience is easily transferred. In this case, the 

equilibrium solution of relative productivities and specialisation is determined 

only by the differences in local learning effort of each country and its cumulative 

effect. 

Second, when 0 1 6 ~ 1 ,  and, consequently, a world economy characterised by 

a non-perfect transferring of technological knowledge, the equilibrium solution 

and specialisation is determined by the local effort and the level of relative output 



of each economy. Thus, a country with a higher level of output will obtain a 

higher level of relative productivities and a pattern of specialisation with increased 

export. 

N) Dvnamics in comparative (disjadvanta~es and specialisation 

As emerges from equation (19), the dynamics of specialisation and the 

differences in the output rate of growth depends crucially on the rate of increase in 

wages and the modes of how this is related to the increase in productivity. We 

shall assume that the changes in wages are related to productivity as follows, 

(32) 

&=hi, OIL; and $=h*$, 05h* 

where h and h* can be interpreted as an indicator of the wage-labour nexus 

that characterises these economies. Following the results emerging in the theory of 

regulation developed in Coriat and Saboia (1987), Boyer (1988a), (1988b), and 

Aboites (1988), this parameter can interpret the following two extreme cases or 

others between them. An oligopolistic form of regulation, where the wage-labour 

nexus is characterised by tacit or statutory mechanisms of strong indexation of 

wages to labour productivity, as happens in the most advanced economies, h or h* 

are near one. A classical form of regulation, prevailing in the less developed 

economies, where the wage-labour nexus is determined by a weak indexation of 

wage to productivity in the larger part of the economy, h or h* are near zerol2. 

Substituting (32) in equation (19), gives an expression of the specialisation 

from which we can obtain the relative value of the dynamics of productivity that 

guarantees a stable pattern of specialisation, 

(33) 

The changes in the specialisation are explained by: the existing 

technological gap multiplier, the dynamic increasing returns which determine the 

evolution of comparative advantages over time and the institutional wage-labour 

l 2  The model can be extended to the case where a wage is indexed with the productivity in one of 
the two countries and fixed in the other. In this case the model introduced here can represent the 
traditional result on the North-South models for the fundamental analysis developed in the 
Prebisch-Singer thesis and the Lewis approach, Cimoli ( 1  988). 



nexus prevailing in each economy. The pattern of specialisation is stable in two 

cases: i) when the technological gap multiplier is zero, ii) when the wage labour 

nexus is the same in both economies. 

Now we may relate the mechanisms that explain the interplay between the 

endogenous dynamics of relative productivities, comparative advantage and 

specialisation. Equation (30) determines an equilibrium solution of relative 

productivities, for example (dn*)* in Figure 5. Moreover, as emerges from 

equation (16), (XI$)* always lies between (dn*)' and (dn*)'. For these extreme 

values of relative productivities indicated in Figure 5, which are determined by the 

Verdoorn-Kaldor and intemationalisation parameters, we found that the relative 

level of output will be radically in favour of one economy or the other (see 

Appendix-fig. 5). 

The conditions that determine a stable pattern of specialisation are not 

necessarily compatible with the equilibrium, which tends to converge the relative 

dynamics of productivities. For each curve determined from equation (30), (dn*) 

will tend to converge on an equilibrium value for which, however, the dynamics of 

specialisation is not necessarily stable. Thus, as illustrated in Figure 5 and as 

emerges from equation (33), the pattern of specialisation is stable when l=(h*-l)/(h-1) 

or h*=h, i.e., when the wage-labour nexus is the same in both economies. The 

specialisation is in favour of the home country when l>(h*-l)/(h-1) or h * d ,  

Figure Qmamics of comparative (Dis) Advontoges and Specid'mtion 



i.e., in the foreign economy the wage rises in line with productivity and the home 

wage is indexed more weakly; and, conversely, when the specialisation is in 

favour of the foreign economy, i.e., l<(h*-l)l(h-1) or h*>h. 

The dynamics of specialisation is related both to the way in which the 

dynamics of increasing returns and the specific institutional wage-labour nexus 

operating in each economy work. The equilibrium solution determined by the 

curves wy*)  in the range defined by (dn*)' and (dn*)' is compatible with a 

locking-in effect which reinforces the dynamics of the pattern of specialisation in 

favour of one country or the other. 

In general, what clearly emerges from the interaction of comparative 

advantages and specialisation is that a stable pattern of specialisation (andlor a 

stable solution for the comparative advantages) requires not only that the 

cumulative elements which explain the dynamics of increasing returns and 

cumulative learning reach a stable equilibrium, but also that the institutional 

factors that explain the wage-labour nexus must be symmetric. 

V) A solution of the model 

Taking equation (27) and substituting (32) and (33) the growth rate 

differential is defined as: 

(34) 
Y* -Y = i(G+(h-l)(M-q*))-i*(h*E* -(h* -1)(7j-M)) 

The growth rate differential obtained is clearly related to dynamics of 

relative productivities, the changes in M which include the technological gap 

multiplier, the wage-labour nexus prevailing in each country and the average value 

of income and price elasticities. The equation system given by (30) and (34) 

determines the interplay that exists between the dynamics of comparative (dis) 

advantages, specialisation and growth rate differential. From equation (34) we can 

obtain the solution for which the growth rates of the outputs are the same in both 

economies when both the consumption pattern and the wage labour nexus differ, 

(35) 

where R is the curve that guarantees that the growth rates are balanced in 

both economies. 



From equation (35) it emerges that the specialisation is stable and both 

economies grow at the same rate when y*-y=0 and l=R. To obtain the same rate of 

output growth it is not sufficient for the relative productivities to reach an 

equilibrium solution and the pattern of specialisation not to change over time. 

Therefore, a stable pattern of comparative advantages and specialisation is 

necessary but not sufficient to produce balanced growth. Thus, we can obtain 

balanced growth when the specialisation does not change over time and the 

consumption pattern is perfectly symmetric. 

As is illustrated in Figure 5,  for a stable specialisation and balanced growth 
- 
z=0 and l=R, the equilibrium value of relative productivities always lies between 

the two extreme values of (dn)' and (dn)'  and is determined by the curve wy*);  

for example for (y/y*)l we obtain (dn)*. Thus, when both economies are perfectly 

symmetric in consumption patterns and wage-labour nexus, the equilibrium 

solution is only explained by the mechanisms that describe the dynamics of 

increasing returns for a stable level of relative output. 

In general, a process of divergence in the rate of growth can result under the 

general solution of equation (30), which shows that the dynamics of relative 

productivities will converge to an equilibrium. A pattern of divergence in the rate 

of growth is explained by the asymmetries in the consumption pattern at national 

level, due to the pattern of specialisation that has emerged (E#z*, Tit;?*, k h * ) .  

Another pattern of divergence in the rate of growth results when the consumption 

patterns are symmetric and the wage labour nexus differ (E=E*, Ti**, bh*) .  In 

this case, the locking-in effect in the specialisation determines an increasing 

dynamics divergence in the rate of growth. 

To solve the model, in the case of asymmetries in wage-labour nexus and 

national consumption patterns, we shall find the effective value of the 

specialisation Z and R. Taking equations (33), (34) and (20), the specialisation and 

the condition that guarantee the same rate of growth can be rewritten as a function 

of relative productivity: 
(36) 



Figure manics of cmpaotive ( ~ k )  ~&mtq)es and Convercence 

vs Divergence in the Gorwth rote differential 

Figure 7. Oynomics of comparative (I%) Advantages and Convercence 

vs Divecgence in the Gorwth rote differential 



where p= (P*(z)/r* + P(z)/r>. From equation (30) the relative productivity will 

converge to an equilibrium'value for which d2=l. However, when there is some 

asymmetry in wage-labour nexus or national consumption pattern, the rates of 

growth diverge and R changes with respect to the relative productivities. The 

curves R, in Figure (6) and (7), indicate the areas where the growth-rate 

differential is in favour of one country or the other. R depicts the case where the 

only asymmetry is related to the national consumption pattern (see Appendix-fig. 

6 and Appendix-fig. 7). 

This situation starts up a process where a growth rate differential in favour 

of one economy or the other changes the equilibrium value of relative 

productivities. There is a virtuous circle where output growth rate is a source 

which continuously moves the equilibrium solution for the relative productivities 

and increases the divergence between countries. For example, this process moves 

the equilibrium solution to the left when q w *  and the rate of income growth is 

higher in the home economy (Figure 6); and, conversely, the equilibrium solution 

moves to the right when q>q* and the growth rate differential is in favour of the 

foreign economy (Figure 7). The cases depicted here reproduce a situation for 

which the country with exports characterised by higher price elasticities obtains a 

higher output rate of growth. This effect is due to the increasing price 

competitiveness when the exported commodities are elastic and the national 

consumption pattern asymmetric. The same can be applied for the differences in 

income elasticities and wage-labour nexus, i.e. E#Z* and k h * .  Thus, under a 

symmetric pattern of learning and dynamic increasing returns, the growth rate 

differential is explained by the differences in the consumption pattern. 

These pictures describe a process of multiple equilibrium which 

continuously moves the equilibrium solution to (xh*)' or (dn*)', as is shown in 

Figure 6 and 7. However, when the growth rate of output diverges, the equilibrium 

value will converge to one of the two extreme solutions which are determined 

mainly by the Verdoom-Kaldor and internationalisation parameters. For (y/y*)+~ 



the value of relative productivities will tend to (drr*)' and, conversely, for (yly )+- 

the solution will converge to (Idrr*)'. 

A solution for specialisation and relative income, in the case of differences 

in price elasticities, is represented in Figure 5 (see Appendix-fig. 8). Taking 

equations (34) and (35), we obtain: 

Y (rr*)" 

The value of 2 and (yly*) lies between the two extreme values of 

productivities determined by (drr*)' and (.~/n:*)' or tends to one of the two 

extremes, whereas the shape of the curves are influenced by the technological gap 

multiplier. When both economies are perfectly symmetric, the equilibrium 

solution will be determined at a point within the interval. The two extreme cases 

will be reached when the growth rate of output diverges. 

Thus, two scenarios emerge from this solution. The first scenario is 

associated to the case of perfect symmetric economies in the national consumption 

patterns and wage labour nexus under stable dynamics in the relative dynamics of 

productivities and comparative advantages. The trade and growth pattern will 

reach an equilibrium solution which will be localised between (n/rr*)' and (drr*)' 

determining Z and (yly*). For example, in Figure 8, for (Idx*)* we obtain (z)* and 

Figure 8. A solution for the model : specialization and output 



The second scenario is related to a situation of forging ahead and falling 

behind under a stable situation in the dynamics of relative productivities (see 

Figures 6 and 7). The economies are asymmetric in the consumption patterns and 

wage-labour nexus. The process of uneven growth will move the equilibrium 

solution to (7d71;')' or (7d71;*)' according to the differences in the output rate of 

growth which can be in favour of one country or the other. As is indicated in 

Figure 8, if the growth differential is in favour of the home country, the 

equilibrium solution will reach (rr/n*)', and if the opposite happens the 

equilibrium solution will reach (dn*)'. 

Conclusions 

Even though the model presented here was highly stylised and restrictive in 

its assumptions about the nature of technological change and the international 

differences in technological capabilities, a number of interesting features with 

respect to technological catching up, patterns of specialisation and relative income 

growth emerge from the broad, generalised two country model presented here. 

On the one hand, the model points to the importance of the interplay 

between absolute and comparative advantages as determinants of the participation 

of each country in world trade, and to the dominance of technological gaps in the 

process of international specialisation which provides the outer-boundaries of the 

Keynesian process of change of the level income and the growth possibility "sets" 

of each economy. On the other hand, the model presented here provides a link 

between the conditions for the changes of international specialisation and the 

"Keynesian" determination of the level of activity in open economies. 

In contrast to previous analyses, this was done here formally introducing the 

concept of technological gap multiplier. This is a concept that can be considered 

as a straightforward approximation of the empirical fact that products can be 

ranked in terms of their technological intensity which allows us to analyse in a 

more formal and systematic way the impact of large and small technological gaps 

between countries on the pattern of specialisation and the domestic relative rate of 

growth. 

From this perspective the model presented here is truly generalisable, 

allowing us to derive both the more traditional balance of payments constrained 

growth results, as well as the more technology specific North-South trade models. 

The introduction of endogenous dynamics increasing returns is displayed in 

the model by a mechanism which produces a stable equilibrium solution. 



However, the dynamics of comparative (dis)advantages and specialisation 

generated here can converge to a steady-state solution or reproduce a locking-in 

effect which reinforces the dynamics of the pattern of specialisation in favour of 

one country or the other. 

A scenario of stable pattern of specialisation results in the case of symmetric 

wage-labour nexus in trading economies. Thus, the equilibrium solution in 

comparative (dis)advantages and specialisation will move in favour of one 

economy or the other according to the Verdoorn-Kaldor parameters and the 

internationalisation in the technological transfer process. A scenario of locking-in 

effect in the specialisation results when both trading economies are characterised 

by an asymmetric wage labour nexus. 

Moreover, a scenario of stable equilibrium solution of comparative 

(dis)advantages and pattern of specialisation is not a sufficient condition to 

produce a balanced growth path. To obtain a path of balanced growth, the emerged 

pattern of specialisation has to be associated to a symmetric national pattern of 

consumption. Thus, the mechanism of dynamics increasing returns and cumulative 

learning, on the one hand, could determine a stable pattern of specialisation. On 

the other hand, the resulting pattern of specialisation can produce a national 

pattern of consumption which may or may not be compatible with a balanced path 

of growth. 

A general outcome of the model is that a balanced and convergent path in 

the growth rates is a particular case where a stable equilibrium in the comparative 

(dis)advantages produces a stable pattern of specialisation and determines a 

symmetric national consumption pattern over time. A divergent path is related to a 

pattern of specialisation associated to a national consumption pattern which shows 

structural asymmetries between countries. If the equilibrium solution in the 

specialisation is associated to an asymmetric pattern of national consumption, a 

divergence in the rate of output growth will emerge. Thus, a stable pattern of 

specialisation can determine a pattern of national consumption which originates a 

process of locking-in effect in the specialisation and self-reinforcing mechanisms 

in the divergence of the output rate of growth. 

The model presents a paradoxical result associated to the perspective of 

falling behind or forging ahead as the technological learning and accumulation for 

the sectoral activities interact with the national consumption patterns which are 

asymmetrical at the national level. If a country shows high dynamics of increasing 

returns and learning capabilities in the sectors where the consumption pattern is 

not favourable, it may result in a process of falling behind. In the case of low 

dynamics of increasing returns and a favourable consumption pattern, a country 



may find a process of catching up or forging ahead. Thus, the possibility of 

forging ahead and convergence are guaranteed when the learning capabilities are 

distributed in those activities associated to a favourable national consumption 

pattern. 
0 
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Appendix-Figure 6 
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