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1
Introduction 


A vertically integrated sector always consists of the production process of a final product (consumption or investment good). The sector is considered to be vertically integrated since it includes all necessary inputs in the economy as a whole to produce this final good. According to Pasinetti, vertically integrated sectors are in particular constructed according to the requirements of a structural change analysis.
 Vertically integrated sectors are supposed to overcome certain conceptual problems of input-output models, in particular the change of technical coefficients in a multitude of interrelated sectors due to innovations – a phenomenon which is difficult to handle analytically. As the following analysis will show, the hypothesis of a general superiority of vertically integrated sectors with respect to the effects of technical progress cannot be confirmed. Rather, the efficiency of a structural change analysis based on vertically integrated sectors depends heavily upon the production assumptions of the model. In particular, the assumptions with respect to the capital input, the forms of sectoral relations and technical progress are decisive. Hence, the paper starts in the following section by presenting different forms of vertically integrated sectors.

2
Forms of vertical integration

In the ongoing debate over the advantages of vertical integration in a multi-sector-analysis, one important aspect refers to the representation of process innovations.
 This debate would benefit from a differentiation of two forms of vertical integration:

1. According to a proposal by Sraffa,
 vertical integration is primarily a method of classification in which input-output models are arranged according to the following principle:
 For each final product, a single vertically integrated sector – or subsystem – is going to be constructed. For this, all components of final demand – except those of the sector to be constructed – are set zero. Then, all inputs that are directly and indirectly necessary to produce the given quantity of the final product demand in question are going to be calculated. Contrary to input-output analysis, these kinds of vertically integrated sectors are primarily not empirical constructions.
 But vertically integrated sectors can be calculated from the data of input-output models. In doing so, the extensive sectoral production relations are faded out, since subsystems are defined in such a way that they are autonomously able to produce a final product. But that does not mean that we abstract from the horizontal flows between the sectors, rather that this kind of vertical integration consists in a new perspective of the production structure of the economy as a whole, that indeed is characterised by a multitude of flows between the sectors.

2. In addition, vertically integrated sectors – or alternatively subsystems – can be considered as self-contained constructs. Though, these kind of models
 are horizontally disaggregated, they don’t show any sectoral interdependencies at all. These models abstract indeed completely from all kinds of flows between sectors. Though these vertically integrated sectors also describe the production process of final products, they refer exclusively to consumption goods. Each consumption good is produced with the input of labour and fixed capital. The production of the fixed capital good is attributed to the corresponding consumption goods sector. Capital goods are produced to preserve and extend the capital stock in each vertical integrated sector. Since the models completely abstract from intermediate products, each vertically integrated sector is perfectly closed and autarkic. 

In the following two sections these forms of vertical integration are discussed in turn. 

3
Innovations in vertically integrated sectors in models with intersectoral linkages 

In this section the vertical integration as a classification concept in models with intersectoral linkages is going to be discussed.


In a static open input-output model, the final products consist mainly in consumption and investment goods that are produced with labour, intermediate goods and fixed capital goods. For each of these goods a vertically integrated sector is going to constructed. To do so, all components of the final demand are set zero except the final demand of the good in question. Then, all inputs that are needed to produce this quantity of final demand in the economy as a whole are going to be determined. These inputs consist in direct labour input, intermediate and investment goods. Since the intermediate and investment goods in turn, are produced with labour, intermediate goods and fixed capital goods and so on, all these inputs, too, have to be included in the vertically integrated sector. Hence, vertical integration means that all inputs in terms of labour and capital goods in the economy are split up and allotted in such a way that they can be attributed to the production of the quantity of the final demand. The final demand together with the direct and indirect inputs builds up the vertically integrated sector.
 Hence, the theoretical construction of subsystems implies that from a production point of view they are autarkic. They can reproduce or expand on their own and don’t depend on other subsystems.


Starting with the stationary subsystem model
, the final demand of a vertically integrated sector, Yi(t), can be read from the ith component of the column vector of final demand y(t). It builds up the basis for defining the new column vector yi(t), the components of which are zero except the ith component. To determine the required direct and indirect quantities of capital goods to produce Yi(t), the (I ( A()(1 matrix is going to be multiplied with the new column vector yi(t). As a result, the column vector x(i)(t) indicates the gross production quantity of the ith subsystem:












(1)

The next step consists in determining the production of the required direct and indirect labour input to produce Yi(t). The scalar L(i) denominates this labour quantity:









(2)

The row vector of sectoral labour coefficients a[n] multiplied by the Leontief-inverse, gives a row vector v, the coefficients of which, vi, indicate the direct and indirect labour input for each vertically integrated sector in order to produce one quantity of the corresponding final product: 












(3)

The coefficients of this vector are therefore named vertically integrated labour coefficients They can be described as follows:















(4)

The vertically integrated labour input to produce the sectoral final demand Yi can also be represented by:
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(5)

Furthermore, the complete stock of circulating and fixed capital that is directly and indirectly required to produce the sectoral net product Yi(t) can be measured by the new column vector q(i):












(6)

The input coefficient matrix A, multiplied by the Leontief-inverse (I ( A()(1, gives a matrix H, the coefficients of which are hij. These coefficients include all necessary stocks of intermediate and fixed capital to produce one quantity unit of the net product:












(7)

The columns of the matrix H are represented by the product of the matrix and the identity column vector: 














(8)

Each column vector hi is denominated as unit of vertically integrated production capacity of the ith subsystem. Such a physical unit of measurement represents a mix of heterogeneous intermediate and fixed stocks of capital quantities that are directly and indirectly required in the whole economy to produce one quantity unit of the ith final product. In this concept the heterogeneous capital structure of a subsystem is therefore considered to be a composed commodity with different quantity shares of the various capital goods – and this special commodity corresponds to the unit of the production capacity of the subsystem.

The row vector of the stocks of capital goods to produce the net production quantity of the subsystem can now be rewritten as follows: 
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(9)

The present measurement of capital goods in terms of ‘normal’ physical units is replaced in the following by a measurement in physical units of vertically integrated production capacity. Since in equilibrium, there is neither excess capacity nor lack of capacity, the sectoral capital capacity measured in this specific unit of measurement equals the quantity of the sectoral net production: 













(10)

Each of the (n(1) subsystems is characterised by it’s net production quantity Yi(t), it’s vertically integrated labour coefficient vi and it’s unit of vertically integrated production capacity hi. Since the vertical integration discussed here represents a classification and does not alter the basic assumptions of the model, it is always possible to switch from the subsystem-perspective to the input-output perspective and vice versa. In empirical studies this change is carried out with the help of the so called S-operator.


In the presented model, the vector of final demand as well as the technical coefficients are exogenously given and constant. Therefore, the classification is timeless and can be performed without complications. In addition, Pasinetti has presented an elaborate version of this model in which he considers population growth and a disproportional development of the demand structure.
 The quantity of consumption produced in each vertically integrated sector increases with the rate of population growth plus the rate of change of per-capita consumption demand. Because of the constancy of the technical coefficients and hence the proportionality between factor input and production output, the direct and indirect labour input as well as the capital input also increase with this rate. The disadvantage of this model is not only the negligence of innovations, but also the fact that the structural change of consumption demand is exogenously given.


With respect to the topic of this paper, the crucial question is whether this model can also be extended to product and process innovations. This specific extension has not yet been presented and the reason for this deficit shall be shortly presented in the following because it indicates one of the weaknesses of the concept of vertical integration. Let us consider again a subsystem model with capital transfers between (input-output) sectors. All goods are still produced with labour, intermediate goods and fixed capital. In the beginning, the relation between each factor input and output is constant. Process innovations are analysed ceteris-paribus in terms of an increase in productivity in an input-output sector since the productivity increase in a vertically integrated sector is calculated from the weighted averages of the productivity increases in input-output sectors. Two kinds of innovations shall be considered: an increase in labour productivity and an increase in capital productivity.


To illustrate the complications due to innovations in such a subsystem model, let us firstly assume a reduction in the labour coefficient of (input-output) sector 1. Given the production quantity, the labour input in sector 1 decreases. Since we have assumed capital transfers between input-output sectors, let us also assume that product 1 under consideration serves as capital input either directly or indirectly in the production of all other goods. Consequently, employment in each vertically integrated sector diminishes. Though in equation (3) the coefficients of the Leontief-inverse remain constant and in the row vector of the sectoral labour coefficients a[n] only the first coefficient an1 diminishes, all vertically integrated labour coefficients fall. This argument demonstrates that the development of the subsystem labour coefficients depends upon the development of the single labour coefficients in input-output sectors. Consequently, it is not allowed to assume the subsystem labour coefficients as exogenously given.


Secondly, let us consider a process innovation that turns out as a reduction in all capital coefficients in the production of good 1. If we assume again, that sectoral linkages are so extensive that each product serves either directly of indirectly as capital input in the production of all other products, then all coefficients in the Leontief-inverse are also going to fall. But this reduction is not going to take place proportionally. Because of the inhomogeneous spillover and feedback effects non-linearity emerge. A process innovation in one input-output sector therefore destroys the proportionality between the capital input quantities on the one hand and the net and gross production quantities on the other hand. This structural breakdown induces structural change: Though the net production quantities remain constant, the gross production quantities fall in a disproportional manner, thus structural change takes place.
 Since the quantities and the structure of the capital inputs per net production unit change, the units of vertically integrated production capacity in each subsystem are also going to modify their composition, which is expressed in new values for the vectors hi. Furthermore, the effects on the labour input have to be considered. Though the labour coefficients in the input-output system – which refer to gross quantities produced – remain constant, the required labour input per net quantities produced diminish. Consequently, the vertically integrated labour coefficients in all sectors fall. We can conclude that the complications of capital saving sectoral innovations consist in the fact that the productivity increase in one input-output sector has an effect on the capital and labour coefficients in many, maybe even in all vertically integrated sectors. This requires at least partly an endogenisation of the capital and labour coefficients in the subsystem. Since the technical subsystem coefficients depend on the technical input-output coefficients, the units of vertically integrated production capacity, hi, as well as the vertically integrated labour coefficient, vi, have to be partly endogenised. Thus, in this model it is not legitimate to assume exogenous productivity increases for the single subsystems. But the suggested endogenisation doesn’t imply that the technical subsystem coefficients are interdependent. Such an interdependence would exist for example if positive external effects of knowledge accumulation or knowledge spillovers between sectors prevail. But such phenomena haven’t been considered here. Rather, the subsystem coefficients depend causally upon the development of the input-output coefficients. Another specific feature of the subsystem is that technical progress is hard to localise. Since the development of productivity in the subsystems is calculated from the multitude of process innovations in input-output sectors, the extent of innovations in these sectors is no longer visible.

4
Innovations in vertically integrated sectors in terms of self-contained constructs

The discussion in the preceding section has illustrated the complications that emerge when process innovations are introduced in a vertically integrated model with capital flows between sectors. The question therefore is whether other forms of analytical representations of a multi-sector production structure exist that allow for a comprehensive consideration of continuing (gradual) process innovations in all sectors. This concern has led Pasinetti to develop the concept of vertically integrated sectors as self-contained constructs in a multi-sector framework. Pasinetti has presented this concept as the core of his theory on Structural Change and Economic Growth which was published in 1981. In this model the main determinants of structural change consist in continued, differential process innovations in all sectors as well as product innovations increasing the number of sectors. In particular due to the increase in per capita-real-income, these developments in turn induce a structural change of consumption demand and production. Since sectoral process innovations and product innovations are considered as the ultimate source of structural change in this model, a representation and analysis of ongoing process innovations in all sectors and the emergence of new goods are core requirements of the model. Pasinetti’s concept of vertically integrated sectors meets these demands, but only at the expense of simplified production assumptions. In particular, Pasinetti’s model is characterised by a complete abandonment of all kinds of sectoral flows between sectors. Figure 1 illustrates the production structure of the model.

Figure 1:
The vertically integrated production structure in the multi-sector-model by 


Pasinetti (1981)


In the complex version of the model a vertically integrated sector is constructed for each consumption good so that i = 1, 2, ... (n – 1) exist. Each consumption good is produced with homogenous labour and a fixed capital good that is specific for one consumption good. The fixed capital good in turn is only produced with homogenous labour.
 Each sector can reproduce itself and expand without the help of other sectors. From there, no sectoral relations exist. The advantage of assuming a capital production without capital input in conjunction with the neglect of intermediate goods and all kinds of capital transfers between sectors consists in reducing all inputs in a subsystem to labour: on the one hand direct labour in the consumption production and on the other hand indirect labour in the production of replacement and new investment goods. 


Further consideration within a vertically integrated sector demands the required capital stock that is needed to produce the demanded consumption quantity. Whereas, in the vertically integrated models with horizontal production relations discussed in section 3, the capital input is measured in units of vertically integrated production capacity – a compounded good that is build up by various fixed capital and intermediate goods – in the vertically integrated models of this section the capital input of one sector consists of a homogenous capital stock that is still being measured in units of production capacity but no longer in units of vertically integrated production capacity.
 In the equilibrium development – in which there is neither excess capacity nor lack of capacity – the quantity of capital stock therefore equals the output quantity produced in the subsystem.
 Hence, the capital coefficient in each vertically integrated sector is equal to one and remains constant in the course of time. 


In contrast to the method of vertical integration in terms of a classification method, the vertically integrated models in terms of self-contained constructs don’t represent a new arrangement of existing sectoral interdependent production structures because there are no capital goods that could be attributed to other (input-output) sectors. Rather, vertically integrated sectors are theoretically constructed in such a way that a quantity unit of the sole fixed capital of a vertically integrated sector equals a unit of sectoral production capacity. In the same manner, it is not necessary to collect labour inputs that are needed to produce the consumption good all over the (input-output) sectors. Whereas in the classification method the sectoral interdependencies are faded out, in the self-contained constructs the sectoral interdependencies don’t exist at all. 


In contrast to input-output models, the higher abstraction of self-contained vertical integrated sectors easily permits the representation of product innovations as well as continued and differential process innovations in all sectors. Product innovations are modelled in Pasinetti’s model of growth and structural change (1981) by adding a new vertically integrated sector including labour and new fixed capital. If these product innovations are complementary – opposed to substitutive – the number of sectors increases. Process innovations are modelled by a reduction as well in the labour coefficients of the consumption good production as in the labour coefficients of the capital good production.
 The reduction rates of the labour coefficients are exogenously given and remain constant in the course of time. As the foregoing discussion in section 3 has shown, such an assumption would be illegitimate in a model with flows between sectors as in input-output models. Thus, it becomes clear that the assumption of exogenous sectoral process innovations is coercively bound to a reduction of complexity in the network of sectoral transactions. But, of course, this disregard of sectoral interdependencies implies a loss of generality. As a result, we can deduce that it is above all a specific production assumption that allows for a structural change analysis with continuing and diverging sectoral process innovations. Pasinetti’s intention to overcome the conceptual problems due to the technical interdependencies between sectors by vertically integrated sectors only succeeds if vertically integrated sectors are considered as self-contained sectors, and the analysis thereby abstains completely from the whole network of intersectoral linkages. Therefore it is – contrary to Pasinetti’s claim
 – not possible to re-introduce intermediate products and sectoral interdependencies offhand.


Though, analytically, process innovations are only expressed by reductions in the labour coefficients in the consumption good and capital good production, it is also conceivable that the required and in the specific quantity units – not in units of production capacity – measured capital input per output unit is reduced by an innovation. Such an unembodied process innovation in the capital goods production would lead – via a diminution of capital units produced – also to a reduction of the indirect labour input in the consumption good production. Furthermore, the analysis of the production structure in the course of time is not hampered by qualitative changes in fixed capital (capital embodied innovations). The qualitative improvement of a capital good represents a product innovation in the capital good production, whereas the new capital input in the consumption good production represents a process innovation that is characterised by a reduction in the labour coefficients. Hence, in each vertically integrated sector, the relation between the production input labour on the one hand and the consumption good as a final product on the other hand is subject to quantitative changes but remains stable in the basic structure. On the contrary, in an input-output model, product innovations in the fixed capital sectors would have the effect that in the matrix of fixed capital coefficients new coefficients add and/or replace if necessary with existing coefficients, with the consequence that a profound reorganisation in the intersectoral production relations takes place. 


The bad specification of the fixed capital good in the vertically integrated production structure also has some disadvantages. Mainly, the information content of the ongoing innovations is quite low since the location of the innovation and the causes of the reductions in the labour coefficients are not visible. Thus, in these models the local character of technical progress gets lost.
 This feature is due to the high abstraction of vertically integrated models. Since in the theoretical construction of vertically integrated sectors the consumption goods are only produced with labour and a specific fixed capital good, technical progress can only appear in this vertically integrated sector. If Pasinetti’s complex models are solely understood as theoretical models for which the level of abstraction is higher than in input-output models, then – because of the abstraction from intersectoral linkages – it is legitimate to represent process innovations as exogenous reductions in the labour coefficients of the vertically integrated sectors. The reason is that the technical coefficients in these models – opposed to the technical coefficients in the classification models discussed in the preceding section – are no weighted averages of input-output coefficients but self-contained magnitudes. 


In the more complex version of the model,
 consumption goods are still produced with labour and a specific fixed capital but the assumption that fixed capital goods are only produced by labour is abandoned. Instead, it is assumed that each sectoral fixed capital is produced with labour input and it’s own capital input. Therefore, a part of the sectoral capital output is again used as input in the same vertically integrated sector.
 In this manner, within each vertically integrated sector, a circular production flow comes up. The production process is no longer considered as a linear path from the production factor labour to the final consumption product. Yet, each vertically integrated sector remains closed and autarkic as in the complex version.

5
Conclusions

Innovations are considered as important causes for the structural change of economic sectors. In a dynamic multi-sectoral framework in which complexity is high, the challenge is to find an adequate analytical representation of innovations and structural change. 

In input-output analysis, the models show interdependencies between sectors and therefore a single process innovation in one sector alone provokes a change in the whole production structure. This effect makes it difficult to analyse and understand the structural change induced by process innovations in all sectors over time. In the preceding sections the alternative of vertically integrated models has been discussed. 

In vertically integrated models in terms of a classification method the analytical representation of process innovations in all sectors causes as many problems as in input-output analysis. This is also the reason why a complete structural change model with vertically integrated sectors and process innovations taking place in all sectors has not yet been developed. In particular, it was shown that it is not legitimate to assume exogenous productivity increases for the single vertically integrated sectors. Rather, sectoral innovations have to be partly endogenised.

In vertically integrated models in terms of self-contained constructs the production sectors are autonomous since horizontal relationships between sectors don’t exist. The main advantage of these models is that permanent process innovations in all sectors can be analysed and reconstructed rather easily. Since these models are not accessible to empirical analysis and disregard sectoral linkages completely, they cannot be considered as a real alternative to input-output analysis. Nevertheless, the analysis of vertical integration has shown that there is a trade-off that consists in either grasping and interpreting horizontal flows between sectors or analysing permanent process innovations in all sectors in a comprehensible way.
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� See Pasinetti 1990a, p. 67 and 1990b, p. 151.


� See in particular Pasinetti 1981, ch. VI, Schefold 1982, p. 549, Harris 1982, p. 38f, Pasinetti 1990a and 1990b, Deprez 1990, Landesmann/Scazzieri 1993, p. 211ff. and Lavoie 1997, p. 466.


� Unfortunately these – from a conceptual point of view – different forms of vertical integration are not emphasized by Pasinetti himself. In particular Pasinetti’s global discussion of the advantages of vertical integration in which he does not indicate to which concept he is referring, is not helpful. See Pasinetti 1981, ch. VI (which refers mainly to Pasinetti’s 1973/1980 model and not to the 1981 model) and Pasinetti 1990a. Lavoie rudimentary proposes to a distinction of different forms of innovation in the same line as it is presented in this paper. See Lavoie 1997, p. 465. For a history of thought of vertical integration see Scazzieri 1990.


� See Sraffa 1960, p. 89.


� See Pasinetti, 1980/1973, 1988, 1989, 1990a and 1990b.


� See Pasinetti 1988, p. 133.


� See the „complex“ and „more complex“ model in Pasinetti 1981.


� See Pasinetti 1980/1973, p. 19f. 


� See Pasinetti 1980/1973.


� For all sectoral equations holds: i = 1, 2, ... , (n(1).


� See Pasinetti 1980/1973, p. 20f.


� See Kalmbach/Kurz 1985, p. 156f, Kalmbach 1986 and Schnabl 1995, p.50ff.


� See Pasinetti 1988 and 1989.


� See also Holub/Schnabl 1994, p. 342ff.


� For this argument in the context of the 1981 model by Pasinetti see Harris 1982, p. 38f. But it has also to be considered that the assumption of innovations taking place on the level of input-output sectors also represents an abstraction.


� In the complex version of the model the dashed lines in figure 1 have to be ignored. See Pasinetti 1981, p. 35ff.


� The choice of terms is here decisive for the interpretation of the production structure.


� See Pasinetti 1981, p. 47.


� Per definition the capital coefficient and the capital productivity remain constant in the course of time.


� See Pasinetti 1981, p. 29f.


� See Harris 1982, p. 38f.


� See Pasinetti 1981, p. 43ff, p. 53 fn. 2, p. 57 fn. 4, p. 93f. fn. 8 and p. 132, fn. 2.


� This feature of the model is indicated by the dashed lines in figure 1. 
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