UNDERSTANDING
"CLASSICAL’
ECONOMICS

Studies in long-period theory

Heinz D.Kurz and Neri Salvadori

39a311noY

London and New York



UNDERSTANDING ‘CLASSICAL’
ECONOMICS

The ‘classical’ approach to economic problems, which can be traced back
to Adam Smith and David Ricardo, has seen a remarkable revival in recent
years. The essays in this collection argue that this classical approach holds
the key to an explanation of important present-day economic phenomena
Focusing on the analytical potentialities of classical economics, the
contributors illustrate how an important element of understanding its
approach consists of developing and using its explanatory power.

The study opens with a clarification of what is meant by ‘classical’
economics; modern methods of economic analysis are related to the works
of the classical economists. Then follow chapters dealing with the problem
of economic growth and foreign trade. Both the von Neumann growth
model and the ‘new’ theories of endogenous growth are shown to belong
firmly to the classical tradition. The contributors examine the contribution
of Piero Sraffa and clarify some of the more difficult aspects of his
analysis. The (un)importance of the labour theory of value in classical
thinking is expounded. The work closes with some observations on the
critique of neo-classical theory.

Heinz D.Kurzis Professor of Economics at the University of Graz, Austria.
The author or editor of twelve other books, including Theory of Production
(co-authored with Neri Salvadori), he is a managing editor of The European
Journal of the History of Economic Thought and serves on the editorial
board of six other professional journals. Professor Kurz has taught at the
Universities of Bremen, Kiel, and the New School for Social Research.

Neri Salvadori is Professor of Economics at the University of Pisa, Italy.
The author or editor of four other books, he serves on the editorial boards
of Metroeconomica and The European Journal of the History of Economic
Thought. Professor Salvadori has also taught at the Universities of Naples,
Catania and Denver and at the Maritime University Institute, Naples.



First published 1998
by Routledge
11 New Fetter Lane, London EC4P 4EE

This edition published in the Taylor & Francis e-Library, 2003.

Simultaneously published in the USA and Canada
by Routledge
29 West 35th Street, New York, NY 10001

© 1998 selection and editorial matter Heinz D.Kurz and Neri Salvadori

All rights reserved. No part of this book may be reprinted or
reproduced or utilized in any form or by any electronic,
mechanical, or other means, now known or hereafter
invented, including photocopying and recording, or in any
information storage or retrieval system, without permission
in writing from the publishers.

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging in Publication Data
Understanding classical economics: studiesin long-period theory/
Heinz D.Kurz and Neri Salvadori.

. cm.
Includes bibliographical references and index.
1. Classical school of economics. |I. Kurz, Heinz-Dieter.
I1. Salvadori, Neri.
HB94.U53 1998
330.15'3-dc21 97-18644
CIP

ISBN 0-203-21676-8 Master e-book ISBN

ISBN 0-203-21688-1 (Adobe eReader Format)
ISBN 0-415-15871-0 (Print Edition)



CONTENTS

Acknowledgements

UNDERSTANDING ‘CLASSICAL’ ECONOMICS
An introduction

Part | ‘Classical’ economics and modern theory

VON NEUMANN’'S GROWTH MODEL AND THE
‘CLASSICAL’ TRADITION
Heinz D.Kurz and Neri Salvadori

ADAM SMITH ON FOREIGN TRADE
A note on the ‘vent for surplus’ argument
Heinz D.Kurz

‘ENDOGENOUS GROWTH MODELSAND THE
‘CLASSICAL’ TRADITION
Heinz D.Kurz and Neri Salvadori

THE NON-SUBSTITUTION THEOREM
Making good a lacuna
Heinz D.Kurz and Neri Salvadori

Part Il On Sraffa’s contribution

SRAFFA, MARSHALL AND THE PROBLEM OF RETURNS
Carlo Panico and Neri Salvadori

THE ‘STANDARD COMMODITY’ AND RICARDO’S
SEARCH FOR AN ‘INVARIABLE MEASURE OF VALUFE’
Heinz D.Kurz and Neri Salvadori

MORISHIMA ON RICARDO
Heinz D.Kurz and Neri Salvadori

Vii

25

57

66

90

103

123

148



CONTENTS

9 PEACH ON RICARDO
Heinz D.Kurz

Part 111 On the labour theory of value

10 KARL MARX ON PHYSIOCRACY
Christian Gehrke and Heinz D.Kurz

11 NO RESWITCHING? NO SWITCHING!
Neri Salvadori and lan Steedman

Part IV On the critique of neoclassical theory

12 ON CRITICS AND PROTECTIVE BELTS
Heinz D.Kurz and Neri Salvadori

13 ‘PRODUCTIVITY CURVES’ IN THE ACCUMULATION OF
CAPITAL
Neri Salvadori

Name index
Subject index

Vi

176

187

226

235

259

277
281



ACKNOWLEDGEMENTS

The essays collected in this volume bear the stamp of the influence of many
people; for their encouragement, support and criticism over several years
we should like to thank especially the following friends: the late Krishna
Bharadwaj, Christian Bidard, Antonio D’ Agata, Giuseppe Freni, Pierangelo
Garegnani, Christian Gehrke, Harvey Gram, Augusto Graziani, Harald
Hagemann, Geoffrey Harcourt, Albert Jeck, Bruno Jossa, Peter Kalmbach,
Ulrich Krause, Christian Lager, Lynn Mainwaring, Gary Mongiovi, Takashi
Negishi, Edward J.Nell, Carlo Panico, Sergio Parrinello, Alessandro
Roncaglia, Paul A.Samuelson, Bertram Schefold, and lan Steedman. We
should also like to thank Routledge for their interest in our work and Ray
Offord and Kate Chenevix Trench for the fine processing of the material.
Those chapters of the book which were first published elsewhere appeared
as follows. Our grateful thanks go to the publishers concerned for
permission to reprint them here.

2 ‘Von Neumann’'s growth model and the “classical” tradition’,
European Journal of the History of Economic Thought 1 (1993):129-60.

3 ‘Adam Smith on foreign trade’, Economica 59 (1992):475-81.

5 ‘The non-substitution theorem’, Journal of Economics 59 (1994):
97-103.

6 ‘ Sraffa, Marshall and the problem of returns', European Journal of the
History of Economic Thought 1 (1994):323-43.

7 ‘The “Standard commodity” and Ricardo’s search for an “invariable
measure of value”’, in M.Baranzini and G.C.Harcourt (eds), The Dynamics
of the Wealth of Nations, London: Macmillan (1993).

8 ‘Morishima on Ricardo’, Cambridge Journal of Economics 16 (1992):
227-47.

9 ‘Peach on Ricardo’, European Journal of the History of Economic
Thought 1 (1994):411—20.

10 ‘Karl Marx on physiocracy’, European Journal of the History of
Economic Thought 2 (1995):55-92.

11 “No reswitching? No switching!” Cambridge Journal of Economics
12 (1988):481-6.

vii



ACKNOWLEDGEMENTS

12 *On critics and protective belts', in A.Salanti and E.Screpanti (eds),
Pluralismin Economics, Aldershot: Edward Elgar.

13 ““Productivity curves’ in The Accumulation of Capital’, in C.
Marcuzzo, L.L.Pasinetti and A.Roncaglia (eds), The Economics of Joan
Robinson, London and New York: Routledge.

H.D.K.
N.S.

viii



1

UNDERSTANDING ‘CLASSICAL’
ECONOMICS

An introduction

Ludwig Wittgenstein once remarked, ‘The classifications made by
philosophers and psychologists are as if one were to try to classify clouds
by their shape.” We do not pretend, of course, to know whether this is a fair
assessment of the situation in the disciplines mentioned. We rather ask
whether it would be true if it were applied to economics. More particularly,
we ask whether classifying economic ideas in distinct analytical
approaches to certain economic problems and even in different schools of
economic thought is a futile enterprise. The title of this book implies that
we think that it is not. We are especially convinced that there is a thing that
may, for good reasons, be called ‘classical’ economics, which is distinct
from other kinds of economics, in particular ‘neoclassical’ economics.
This view could immediately be challenged in terms of the indisputable
heterogeneity and multi-layeredness of the writings of authors in the two
groups. Moreover, whilst with regard to some aspects an author might be
classified in one group, with regard to some other aspects he or she might
be classified in the other group. Therefore, it should be made clear from the
outset that we are not so much concerned with elaborating a classification
of authors, which in some cases would be an extremely difficult, if not
impossible, task. We are concerned rather with classifying various
analytical approaches to dealing with certain economic problems,
especially the problem of relative prices and income distribution. What we
have in mind is a particular rational reconstruction of ‘classical’ economics
which, in our view, is useful both for an understanding of certain important
arguments found in several classical authors and for the development of
these arguments. Our interest in these approaches is thus not purely and not
even predominantly historical; we consider them rather as containing the
key to a better explanation of important economic phenomena. Our concern
with classical economics is therefore first and foremost a concern with its
analytical potentialities which in our view have not yet been fully explored.
If we were of the opinion that they had already been exhausted our interest
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UNDERSTANDING ‘CLASSICAL’ ECONOMICS

in classical economics would be moderate. Hence an important element of
‘understanding’ classical economics, as we conceive it, consists of
developing and using its explanatory power.

In this chapter an attempt will be made to specify what we mean by
classical economics and to show that it is not an evanescent concept. We
begin, in the next section (pp. 3-6), with a brief discussion of the
complexity of most economic problems and of economic theory as an
attempt to come to grips with that complexity. This leads us to the
identification of a first characteristic feature of classical economics: its
long-period method. As we shall see in the following section (pp. 6-7), a
version of this method was also shared by all major marginalist authors
until the late 1920s. However, the similarity of the methods adopted by two
theories must not be mistaken for a similarity in the content of the theories.
This aspect is dealt with in the subsequent two sections. The first (pp. 7-9)
turns to the scope and content of traditional classical economics, whereas
the second (pp. 9-13) is devoted to traditional neoclassical economics. The
emphasis is on the sets of data, or independent variables, on the basis of
which these theories attempt to explain the respective unknowns, or
dependent variables, under consideration. It will be seen that in this regard
classical economics differs markedly from neoclassical economics, the
main difference being the way in which income distribution is determined.
These two sections also raise the question of whether the sets of data
contemplated by the theories are compatible with the long-period method
or whether there exist tensions and contradictions between the method and
content of a theory. It is argued that, whilst traditional classical theory can
be formulated in a consistent way, traditional neoclassical theory faces
insurmountable difficulties in this regard. The latter come to the fore in the
shape of inconsistencies that undermine the logical foundation of the
approach to the problem of income distribution in terms of the demand for
and the supply of the factors of production collaborating in the generation
of the social product, when there are produced means of production, i.e.
‘capital’, among these factors. The following section (p. 14) turns to the
attempts of neoclassical authors from the late 1920s onwards to remedy
this defect and at the same time render the theory more ‘realistic’, and
indeed ‘dynamic’, in terms of models of temporary and intertemporal
equilibria. It can be argued, however, that these alternatives are beset by a
number of methodological difficulties and do not escape the problem of
capital, the stumbling block of earlier, i.e. long-period, neoclassical theory.
The final section deals with some more recent attempts to come to grips
with economic change; some approaches belonging to the classical and
some approaches belonging to the neoclassical tradition will be
summarized. It is shown that long-period reasoning is flourishing in
contemporary economics and that there is no reason to believe that it will
be abandoned soon.



UNDERSTANDING ‘CLASSICAL’ ECONOMICS

ECONOMIC SYSTEMS IN MOTION AND THE LONG-
PERIOD METHOD IN THE CLASSICAL AUTHORS

As is well known, the concern of the classical economists from Adam
Smith to David Ricardo was the laws governing the emerging capitalist
economy, characterized by wage labour, an increasingly sophisticated
division of labour, the co-ordination of economic activity via a system of
interdependent markets in which transactions are mediated through money,
and rapid technical, organizational and institutional change. In short, they
were concerned with an economic system in motion. The attention focused
on the factors affecting the pace at which capital accumulates and the
economy expands and how the growing social product is shared out
between the different classes of society: workers, capitalists and
landowners.

How to analyse such a highly complex system characterized by a dense
network of interdependences and feedbacks, vis-a-vis which the observer
might easily get lost in a myriad of facts and considerations, failing to see
the wood for the trees? The ingenious device of the classical authors to see
through these complexities and intricacies consisted of distinguishing
between the market or actual values of the relevant variables, in particular
the prices of commodities and the rates of remuneration of primary inputs
(labour and land), on the one hand, and natural or normal values on the
other. The former were taken to reflect all kinds of influences, many of an
accidental and temporary nature, whereas the latter were conceived of as
expressing the persistent, non-accidental and non-temporary forces
governing the economic system. The classical authors did not consider the
‘normal’ values of the variables as purely ideal or theoretical; they saw
them rather as ‘centres of gravitation’, or ‘attractors’, of actual or market
values. This assumed gravitation of market values towards their natural
levels was seen to be the result of the self-seeking behaviour of agents and
especially of the profit-seeking actions of producers. In conditions of free
competition, that is, the absence of significant and lasting barriers to entry
in and exit from all markets—the case with which the classical authors
were primarily concerned—profit seeking involves cost minimization. This
was well understood by the authors under consideration, hence their
attention focused on what may be called cost-minimizing systems of
production.

The method of analysis adopted by the classical economists is known as
the long-period method or the method of long-period positions of the
economy. Any such position is nothing but the situation towards which the
system is taken to gravitate, given the fundamental forces at work in the
particular situation under consideration. A discussion of how the classical
economists conceptualized these forces, or determining factors, is deferred
to a later section. Here it deserves to be mentioned that in conditions of free
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competition the resulting long-period position is characterized by a uniform
rate of profits (subject perhaps to persistent inter-industry differentials),
uniform rates of remuneration for each particular kind of primary input in
the production process (such as different kinds of labour and natural
resources), and prices that are assumed not to change between the
beginning of the uniform period of production and its end, that is, static
prices. Such a situation is to be understood as reflecting the salient features
of a competitive capitalist economy in an ideal way: it expresses the pure
logic of the relationship between relative prices and income distribution in
such an economic system. The prices are taken to fulfil the condition of
reproduction: they allow producers to just cover costs of production at the
normal levels of the distributive variables, including profits at the ordinary
rate. These prices have aptly been called also prices of production (Torrens,
Ricardo). We might also talk of “prices of reproduction’.

A frequent misunderstanding of the notion of the long-period position
should be mentioned. According to it the classical economists’ view was
‘static’: they dealt with a given and immutable economic world and were
able to say nothing useful either about how that world had come into being
or about how it would develop. In short, they are said to have been concerned
exclusively with analysing a given system of production, turning a blind eye
both to the question of the genesis of that system and the path it would take
in the future. In this view classical economics is static, not dynamic. Such an
interpretation overlooks, first, a very special property the classical
economists attributed to a long-period position, i.e. that the actual system
gravitates around such a position. This is a property which is most certainly
obtained on the assumption that the dynamic process of the actual system
converges to the long-period position at a speed that is sufficiently large
compared with the rate at which technological change tends to upset any
such position. However, the classical economists did not ask for convergence
of the actual system to the long-period position. They were indeed less
demanding: in their view gravitation means market values of prices and the
distributive variables never moving ‘too far away’ from natural levels.
Second, the classical economists were not concerned only with studying the
properties of a given system of production. They were also interested in
which system would emerge as a result of the choices of profit-seeking
entrepreneurs from a set of technical alternatives at their disposal, where this
set was taken to reflect the technological knowledge available at a given time
and place. For example, with new methods of production becoming available
alongside the growth in technological knowledge, the economic system was
envisaged as gravitating towards a new long-period position, characterized
by a new set of relative prices and new levels of the distributive variables.
That is, it was assumed that the new long-period position would make itself
felt immediately: the short-run adjustment processes triggered would propel
the economy towards that position.
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Analysing economic change and development in these terms involves, as
indicated, a short cut. The adjustment process to any such position is
simply taken for granted. This is perhaps expressed too strongly, because
the classical economists put forward an argument in support of the
supposed gravitation of market values to their natural levels. The discussion
of this problem in Smith and the authors following him is based on
essentially two propositions. First, the market price of a commodity
depends on the difference between current supply and ‘effectual demand’
for that commodity, where the latter is defined as ‘the demand of those who
are willing to pay the natural price of the commodity’ (Smith, WN 1.vii.8).
If the difference is positive, negative, or zero, the market price is taken to be
lower, higher, or equal to the natural price. A positive (negative) deviation
of the market price from the natural price is reflected in a deviation of the
actual levels of the distributive variables from their normal levels and
especially in a positive (negative) deviation of actual profits obtained in the
industry from normal profits. Second, this latter deviation provides an
incentive to profit-seeking producers to reallocate their capital. Profit rate
differentials trigger movements of capital (and labour) and, as a
consequence, adjustments in the composition of production: the output of a
commodity increases (decreases) if the market price is above (below) the
natural price. These movements tend to annihilate the deviations and
(re)establish a uniform rate of return on the capital invested in the various
industries of the economy. Accordingly, in a long-period position actual
outputs equal ‘effectual demands’ and actual prices are at their normal
levels.

The above argument in support of the assumed gravitation process
cannot, of course, replace a proper dynamic theory, not least because there
are particular difficulties the earlier authors were not aware of. For
example, it cannot be presumed that a positive (negative) difference
between market and natural price is equivalent to an above (below) normal
rate of profit, since the positive (negative) difference between the respective
prices of the inputs entering into the production of the commodity under
consideration may be even larger (cf. Steedman 1984). The question at
issue is whether such a possibility does not prevent the ultimate tendency of
the market price to gravitate towards the natural level, by causing the output
of the commodity to decrease, thereby raising the market price even more.!

Ever since the advent of systematic economic analysis in the seventeenth
and eighteenth centuries economists have aspired to elaborate a proper
dynamic theory, and many ingenious and hard-working people have made
great efforts in this regard. However, given the complexity of the object of
their analyses—a socio-economic system incessantly in travail—they
realized that the long-period method was the best they had. The latter
indeed quickly proved to be a powerful tool in studying certain properties
of complex interdependent systems, that is, systems which would be
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extremely difficult to model and analyse in a dynamic framework even with
the advanced tools of modern mathematical economics. Moreover, the
classicals themselves occasionally ventured probing steps in the direction
of such a dynamic analysis. Think, for example, of David Ricardo’s
discussion of the introduction and diffusion of improved machinery in the
additional chapter ‘On machinery’ in the third edition of his Principles,
published in 1821. However, a general dynamic analysis of the highly
complex system under consideration was regarded as impossible at the
time. The analytical tools available did not allow of such a dynamic theory,
paying due attention to all relevant interdependences. The long-period
method was seen as the best available in order to come to grips, however
imperfectly, with an ever-changing world characterized by on-going
technical progress, the depletion of natural resources, a changing
distribution of income, etc. Long-period analysis was devised precisely to
overcome the impasse in which the social scientist found himself,
confronted with a reality which, at first sight, looked impenetrable, made
up of a myriad of relationships between people and natural objects. The
long-period method introduced some transparency to the complex object of
study and allowed the theorist to derive a large number of interesting
insights into the functioning (and the sources of malfunction) of the
economic system. Because of its fecundity the long-period method was
almost universally adopted in political economy until the 1930s.

This does not mean that there was no interest among economists in
short-run problems; there was, of course. However, the important point is
that the short-period analyses elaborated by the majority of authors dealing
with such problems had—as their backbone, so to speak—fully specified
long-period theories. In other words, the long-period theory was considered
the core of economic analysis, from which there derived several short-
period analyses designed to tackle special problems of a short-run nature,
such as the implications of a capital stock not fully adjusted to the other
data of the system or a sudden increase of the quantity of money in
circulation.

THE ADOPTION OF THE LONG-PERIOD METHOD IN
TRADITIONAL NEOCLASSICAL THEORY

The appeal exerted by the long-period method can be inferred from the fact
that all early major marginalist authors, including William Stanley Jevons,
Léon Walras, Eugen von Béhm-Bawerk, Alfred Marshall, Knut Wicksell
and John Bates Clark, fundamentally adopted it. Like the classical
economists and Marx they were concerned with explaining the normal rate
of profits and normal prices: the concept of long-period “‘equilibrium’ is the
neoclassical adaptation of the classical concept of normal positions. For
example, in Marshall’s Principles of Economics it is stated:
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The actual value at any time, the market value as it is often called, is
often more influenced by passing events, and by causes whose action
is fitful and short-lived, than by those which work persistently. But in
long periods these fitful and irregular causes in large measure efface
one another’s influence so that in the long run persistent causes
dominate value completely.

(Marshall [1890] 1977:291)

And Bohm-Bawerk, agreeing with the classical authors, suggested that the
investigation of the permanent effects of changes in what are considered the
dominant forces shaping the economy should be carried out by means of
comparisons between long-period equilibria. Such comparisons are taken
to express the “principal movement’ entailed by a variation in the basic data
of the economic system (cf. Bohm-Bawerk [1889] 1959 11:380). This view
was shared by Ludwig von Mises, one of the most radical subjectivists of
the Austrian school of economic thought, who advocated the long-period
method, or, as he preferred to call it, the ‘static method’, in the following
terms:

One must not commit the error of believing that the static method can
be used only to explain the stationary state of an economy, which, by
the way, does not and never can exist in real life; and that the moving
and changing economy can be dealt with only in terms of a dynamic
theory. The static method is a method which is aimed at studying
changes; it is designed to investigate the consequences of a change in
one datum in an otherwise unchanged system. This is a procedure
which we cannot dispense with.

(von Mises, 1933:117; emphasis added)

However, the adoption of the long-period method was not, of itself,
prejudicial as to the content of the theory. In order to see this we have to
turn to the forces which the classical approach on the one hand and the
traditional neoclassical approach on the other conceptualized in order to
determine normal income distribution and the corresponding system of
relative prices. The emphasis is on the respective sets of data, or
independent variables, from which the two types of theory start. We begin
with a brief discussion of the classical approach.

THE TRADITIONAL CLASSICAL APPROACH

It is a first characteristic feature of the classical economists’ approach to
the problem of value and distribution that the data contemplated all refer to
magnitudes that can, in principle, be observed, measured or calculated.
This point of view, which may be called ‘objectivist’ or ‘naturalistic’, is
present, for example, in William Petty’s Political Arithmetick, in Frangois
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Quesnay’s Tableau économique and in the writings of Adam Smith and
David Ricardo.2 These authors refrained from having recourse to any non-
observable, non-measurable or non-calculable magnitudes, or
metaphysical concepts, in determining the general rate of profits and
relative prices.?

Second, the many differences between different authors notwithstanding,
the contributions to the theory of value and distribution of ‘classical’
derivation typically start from the same set of data. In general, the data
concern:

(i) The set of technical alternatives from which cost-minimizing
producers can choose.

(i) The size and composition of the social product, reflecting
the needs and wants of the members of the different classes of society
and the requirements of reproduction and capital accumulation.

(iii) The ruling real wage rate(s) (or, alternatively, the rate of profits).

(iv) The quantities of different qualities of land available and the known
stocks of depletable resources, such as mineral deposits.

The treatment of wages (or alternatively, in some theories, the rate of
profits) as an independent variable and of the other distributive variables,
the rate of profits (the wage rate) in particular, as dependent residuals
exhibits a fundamental asymmetry in the classical approach to the theory of
value and distribution. In correspondence with the underlying long-period
competitive position of the economy the capital stock is assumed to be fully
adjusted to these data, especially to the given levels of output. Hence the
‘normal’ desired pattern of utilization of plant and equipment would be
realized and a uniform rate of return on its supply price obtained. Prices of
production are considered the means of distributing the social surplus in the
form of profits between different sectors of the economy and hence
different employments of capital and, with scarce natural resources, in the
form of differential rents of land and mines.

It deserves to be emphasized that these data, or independent variables,
are sufficient to determine the unknowns, or dependent variables, that is,
the rate of profits (the wage rate), the rent rates, and the set of relative
prices supporting the cost-minimizing system of producing the given levels
of output. No other data, such as, for example, demand functions for
commodities and factors of production, are needed. The classical approach
allows the consistent determination of the variables under consideration: it
accomplishes the task it sets itself. It does so by separating the
determination of income distribution and prices from that of quantities,
taken as given in (ii) above. The latter were considered as determined in
another part of the theory, that is, the analysis of capital accumulation,
structural change and socio-economic development.

It is frequently claimed that an integral part of classical economics is the
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labour theory of value. According to that theory relative normal prices are
proportional to the quantities of labour needed directly and indirectly in the
production of the various commodities. Classical economics is said to stand
or fall by the correctness or otherwise of that theory. Although it is true that
the labour theory of value was adopted by several classical authors, and
played an important role in the course of the development of classical
economics, the latter does not depend on it. Relative prices (and the
dependent distributive variables) may consistently be determined on the
basis of data (i)—(iv) and will only in very special cases be proportional to
the relative quantities of labour ‘embodied’ in the different commodities.
Hence, while in some earlier authors, most notably Ricardo, the labour
theory of value was elaborated as a simplifying device to see through the
complexities of the system under investigation, once a satisfactory and
logically coherent theory of value and distribution had been developed, the
labour theory of value was dispensable. From the higher standpoint of the
advanced theory, the labour theory of value turned out to be untenable in
general. However, the fact that it applies in some special circumstances
may be taken as a sign of sound intuition on the part of authors like Ricardo
who adopted it and were able with its help to derive several interesting
results.

The abandonment of the classical approach and the development of a
fundamentally different one, which came to predominate in the wake of the
so-called ‘marginalist revolution’ in the later nineteenth century, was
motivated by the deficiencies of the received analysis. The main targets of
criticism were the labour theory of value and the failure of Ricardo and his
followers to develop “a unified general theory to determine the prices of all
productive services in the same way’ (Walras [1874] 1954:416). Walras
contended that such a unified general theory can be elaborated by
generalizing the principle of scarcity, which the classical economists had
limited to natural resources only, to all factors of production, including
‘capital’. Let us take a closer look at how the neoclassical authors sought to
effectuate this generalization.

THE TRADITIONAL NEOCLASSICAL APPROACH

Since the new theory was to be an alternative to the classical theory, it had
to be an alternative theory about the same thing, in particular the normal
rate of profits and normal prices. However, the set of data in terms of which
the neoclassical approach attempted to determine these variables exhibits
some striking differences with respect to the classical approach. First, it
introduced independent variables, that is, explanatory factors, that were not
directly observable, such as agents’ preferences. Second, it took as given
not only the amounts of natural resources available but also the economy’s
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‘initial endowments’ of labour and ‘capital’. The data from which
neoclassical theory typically begins its reasoning are:

(i) The set of technical alternatives from which cost-minimizing
producers can choose.
(i) The preferences of consumers.
(iii) The initial endowments of the economy with all ‘factors of
production’, including “capital’, and the distribution of property rights
among individual agents.

The basic novelty of the new theory consisted of the following. While the
received classical approach conceived the real wage as determined prior to
profits and rents, in the neoclassical approach all kinds of income were
explained simultaneously and symmetrically in terms of the forces of
supply and demand with regard to the services of the respective factors of
production: labour, ‘capital’ and land. It was the seemingly coherent
foundation of these notions in terms of functional relationships between the
price of a service (or good) and the quantity supplied or demanded
elaborated by the neoclassical theory that greatly contributed to the latter’s
rapid success in economics.

As has already been indicated, historically long-period neoclassical
theory derives from a generalization of the theory of rent in terms of land of
uniform quality and ‘intensive’ margins to all factors of production,
including ‘capital’ (see Bharadwaj 1978). This generalization presupposes
a strict analogy between land, labour and ‘capital’. On this premiss the
principle of scarcity rent, which the classical economists had limited to
natural resources in given supply, was thought to be applicable also in
explaining the incomes of labour and ‘capital’, that is, wages and profits.
However, in order to be able to conceive of the rate of profits as some kind
of index expressing the relative scarcity of a factor called ‘capital’, that
factor had to be assumed to be available in a given ‘quantity’. The degree of
(relative) scarcity of the given ‘quantity of capital’, which was taken to be
reflected in the level of the rate of profits, was then envisaged as the result
of the interplay of data (i)—(iii). The smaller the overall amount of capital at
the disposal of producers, other things being equal, the greater in general
the relative scarcity of that factor and the higher the rate of profits, and vice
versa.

As regards the conceptualization of the ‘capital’ endowment of the
economy, the advocates of the ‘marginalist revolution’, with the exception
of Walras (at least until the fourth edition of the Elements), were aware of
the following fact. Whereas different kinds of labour and land can be
measured in terms of their own physical units, ‘capital’, conceived of as a
bundle of heterogeneous produced means of production, had to be
expressed in terms of a single magnitude, related in a known way to the
value of capital goods, allowing ‘capital’ to assume the physical
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composition or ‘form’ best suited to the other data of the system. For, if the
capital endowment were to be given in kind, only a short-period
equilibrium, characterized by differential rates of return on the supply
prices of the various capital goods, could be established by the forces
constituting demand and supply. Such an equilibrium could not, however,
be considered a ‘full equilibrium’ (Hicks 1932:20). Whereas differential
wage and rent rates for different qualities of labour and land are perfectly
compatible with a long-period competitive equilibrium, differential profit
rates are not: competition would enforce a tendency towards a uniform rate
of profits.

To define ‘capital’ as an amount of value required the specification of
the standard of value in which it was to be measured. The common
procedure was to express capital in terms of consumption goods or, more
precisely, to conceive of it as a ‘subsistence fund’ in support of the
‘original’ factors of production, labour and land, during the period of
production extending from the initial expenditure of the services of these
factors to the completion of consumption goods. This notion corresponded
to the view that capital resulted from the investment of past savings, which,
in turn, implied ‘abstention’ from consumption. Thus it appeared to be
natural to measure ‘capital’ in terms of some composite unit of
consumption goods.

Now the formidable problem for the neoclassical approach in attempting
the determination of the general rate of profits consisted in the necessity of
establishing the notion of a market for “capital’, the quantity of which could
be expressed independently of the ‘price of its service’, i.e. the rate of
profits. If such a market could be conceptualized in a coherent way, profits
could be explained analogously to rent (and other distributive variables),
and a theoretical edifice could be erected on the universal applicability of
the principle of demand and supply.

The plausibility of the supply and demand approach to the problem of
distribution was felt to hinge upon the demonstration of the existence of a
unique and stable equilibrium in the market for ‘capital’.®> With the
‘quantity of capital’ in given supply, this, in turn, implied that a
monotonically decreasing demand function for capital in terms of the rate
of profits had to be established (see Figure 1.1). This inverse relationship
was arrived at by the neoclassical theorists through the introduction of two
kinds of substitutability between ‘capital” and labour (and land, which is
ignored for the sake of simplicity): substitutability in consumption and in
production. According to the former concept a rise in the rate of profits
would increase the price of those commodities whose production was
relatively “capital-intensive’, compared with those in which relatively little
‘capital’ per worker was employed. This would generally prompt
consumers to shift their demand in favour of a higher proportion of the
cheapened commodities, i.e. the ‘labour-intensive’ ones. According to the
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Figure 1.1 Rate of profit determined by demand and supply.

latter concept a rise in the rate of interest (and thus profits) relative to wages
would make cost-minimizing entrepreneurs in the different industries of the
economy employ more of the relatively cheapened factor of production, i.e.
labour. Hence, through both routes “capital” would become substitutable for
labour, and for any given quantity of labour employed a decreasing demand
schedule for capital would obtain. In Figure 1.1 the demand schedule DD’
corresponding to the full employment level of labour L* (determined
simultaneously in the labour market) together with the supply schedule SS’
would ensure a unique and stable equilibrium E with an equilibrium rate of
profits r*. Accordingly, the division of the product between wages and
profits is expressed in terms of the relative scarcities of the factors of
production, including ‘capital’ (conceived as a value magnitude) that is
considered independent of the rate of profits.

While this approach to the theory of income distribution and relative
prices became quickly adopted in large parts of the economics profession,
and, interestingly, is still advocated in significant parts of contemporary
mainstream economics, its deficiencies were spotted soon after it had been
put forward. Among the older neoclassical economists it was perhaps
Wicksell who understood best the difficulties related to the problem of a
unified treatment of all factors, including ‘capital’, in terms of the demand
and supply approach. Wicksell was particularly critical of attempts to work
with the value of capital as a factor of production alongside the physically
specified factors labour and land in the production function of single
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commodities. In order to preserve a ‘correspondence’ between the factors,
the different elements constituting social capital would have to be measured
in ‘technical units’. Starting from value capital implied ‘arguing in a circle’
(Wicksell [1901] 1934:149), since the value of the capital goods inserted in
the production function depends on the rate of interest and will change with
it. The different versions in which the theory was put forward were
variously criticized both from without and from within the camp of
neoclassical economists; see, for example, Friedrich August von Hayek’s
frontal assault on it in his Pure Theory of Capital (1941). The criticism
culminated in the so-called Cambridge controversies over the theory of
capital, in which the emphasis was on the problem of the choice of
technique of cost-minimizing producers. It was shown that the direction of
change of ‘input proportions’ cannot be related unambiguously to changes
in so-called factor prices. Thus a fall in the wage rate, accompanied by a
rise in the rate of profits, may lead to the adoption of the less ‘labour-
intensive’ (that is, more ‘capital-intensive’) of two techniques. The
discovery of reverse capital deepening and of the reswitching of
techniques, that is, a technique is cost-minimizing at two disconnected
ranges of the wage rate and not so in between these ranges, runs counter to
the conventional neoclassical view. A central element of the explanation of
distribution in terms of supply and demand—the principle of substitution as
envisaged by the neoclassical approach—is thus revealed as defective. The
theory cannot be sustained other than in singularly special cases.

We may conclude by saying that, in contradistinction to classical theory,
long-period neoclassical theory does not, as a matter of principle, allow the
consistent determination of income distribution and normal prices.

This was well understood by some major protagonists of the demand and
supply approach as early as the late 1920s. However, confronted with the
alternative of abandoning the demand and supply approach or the long-
period method, in terms of which the former had so far been
conceptualized, authors such as Friedrich August von Hayek, Erik Lindahl
and John Richard Hicks opted for the second alternative. The result of these
attempts to overcome the impasse in which neoclassical long-period theory
found itself was the development of the notions of intertemporal and
temporary equilibrium. In this way the demand and supply approach was
meant to be rendered not only consistent but also more ‘realistic’ (cf.
Lindahl [1929] 1939:271; Hicks [1939] 1946:116). Indeed, as the
protagonists of the new developments kept stressing, economic theory had
to be liberated from the straitjacket of ‘static’ analysis and turned into a
proper ‘dynamic’ analysis. The declared aim was the elaboration.of a
model capable of portraying, in abstract terms, a ‘real’” economy moving
through time.
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TEMPORARY AND INTERTEMPORAL
EQUILIBRIUM THEORY

The major novelty of the new theories was the abandonment of concern
with a uniform rate of interest and static prices. As Lindahl stressed, in the
new framework the concept of a uniform rate of interest was generally
devoid of any ‘clear and precise content” (Lindahl [1929] 1939:245); and,
as Hayek insisted, the notion of intertemporal equilibrium is not merely
‘incompatible with the idea that constant prices are a prerequisite to an
undisturbed economic process, but is in the strictest opposition to it’
(Hayek 1928:37; our translation). In contradistinction to traditional
neoclassical theory, the capital endowment of the economy was given in
terms of a vector of quantities of heterogeneous capital goods which were
then treated in full analogy to different kinds of natural resources, that is, as
‘rent goods’ (Wicksell 1934). As Lindahl pointed out, ‘During the initial
period in the dynamic process under observation, all existing capital
equipment in the community can be regarded as original, including any that
has actually resulted from the production of earlier periods not covered by
the analysis.” Hence ‘Produced capital goods have the same significance
for price formation as true original sources of similar kinds’ (Lindahl
[1929] 1939:320-1; emphases added). In this way the problem of capital
and interest was thought to be reducible to a special case of the problem of
scarce factors of production and the type of income typically associated
with them: rent.

It should also be mentioned that temporary equilibrium theory in general
and intertemporal equilibrium theory until recently assumed a finite time
horizon, which was arbitrarily given from outside. This points to the fact
that the new approaches were essentially short-period. Intertemporal
theory, as is well known, culminated in the so-called Arrow-Debreu model
(cf. Arrow and Debreu 1954; see also Debreu 1959).

Here it is not necessary to enter into a detailed discussion of the merits
and demerits of the temporary and intertemporal equilibrium models; the
interested reader is recommended to consult Kurz and Salvadori
(1995:455-67). Suffice it to say that in our view those models are beset
with serious methodological difficulties and, moreover, do not escape the
problem of capital. We shall rather focus attention on some more recent
developments in economic theory, and especially the theory of economic
growth, which illustrate the resounding come-back of long-period analysis.

LONG-PERIOD ANALYSIS AND
CONTEMPORARY ECONOMICS

In this introductory chapter we have specified what we mean by ‘classical
economics’ and defined it in terms of method (long period) and content (the
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data do not include an endowment of ‘capital’; instead they include either
the real wage rate or the rate of profits). It hardly needs to be stressed that,
with this definition of “classical economics’, this school of thought did not
vanish with the death of Ricardo or some other early classical economists.
It is, rather, possible to point out a large number of cases in the economic
literature since Smith and Ricardo and up to our own time where in one
way or another scholars have adopted the classical point of view. It is our
contention that long-period analysis can be performed in a consistent,
formally correct way only when based on the “classical’ approach. There is
no consistent long-period neoclassical theory other than in exceptionally
special cases that are of no economic interest.

Whilst some authors working in the classical tradition were keen to
analyse systems displaying the whole set of phenomena for which
explanations were sought, including reproducible commodities, especially
capital goods, and scarce natural resources, others limited themselves to
studying only selected aspects of the multi-faceted problem. The
contributions of Piero Sraffa (1951, 1960) belong to the first category,
whereas the early writings of Wassily Leontief (cf., for example, Leontief
1928) and the famous model of economic growth by John von Neumann
([1937] 1945) belong to the second.

Because of his unique importance for the revival of classical political
economy, Sraffa’s contributions figure prominently in this book. His ideas
permeate several of the reprinted papers and are at centre stage in Part II.
There the emphasis is especially on two aspects of his work which met with
serious difficulties of understanding: first, the problem that constant returns
are not assumed in his analysis (Chapter 6); and, secondly, the role played
by the Standard commodity in it (Chapter 7). Two additional chapters
(Chapters 8 and 9) deal with Sraffa’s interpretation of Ricardo and recent
attacks levelled at it.”

In the von Neumann model the problem of scarcity is set aside: this
involves specifying datum (iv) on p. 8 above in such a way that, whatever
the activity level of the economy, there is always an abundance of natural
resources; therefore from an economic point of view these resources may
be neglected. Attention focuses instead on the choice of technique problem
in the case of universal joint production and constant returns to scale. The
real wage rate is given from outside the system and any interest (profit) is
taken to be accumulated. On the basis of these givens von Neumann
determines a (uniform) rate of interest and the system of relative prices, a
(uniform) rate of expansion and the activity levels of the different
processes, and shows that the rate of interest equals the rate of growth. The
model shares with the classical approach the asymmetrical treatment of
income distribution, with the real wage rate given from outside and the rate
of interest determined endogenously. For a discussion of the ‘classical’
character of the von Neumann model see Chapter 2 below.
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Von Neumann’s model is a steady-state model. Yet, as the classical
economists were already well aware, there is no reason to presume that the
actual economy will ever be in a stationary state or will follow closely a
path of equi-proportionate growth. The dynamics of the economic system
will generally be complex and can at most be expected to come close to
such states during short intervals of time. This was also well understood by
several authors working on the von Neumann model after its publication in
English in 1945. It is not surprising, then, that their efforts resulted in a
number of other results with a classical flavour, such as the so-called ‘non-
substitution’ and ‘turnpike’ theorems.

The non-substitution theorem states that under certain specified
conditions, and taking the rate of profits (rate of interest) as given from
outside the system, relative prices are independent of the pattern of final
demand. The theorem was received with some astonishment by authors
working in the neoclassical tradition, since it seemed to flatly contradict the
importance attached to consumer preferences for the determination of
relative prices. As Samuelson wrote, ‘From technology and the interest rate
alone, and completely without regard to the demand considerations...[,]
price relations can be accurately predicted as constants’ (1966:530).

In order for demand to exert an influence on the price of a good the
supply function must not be horizontal. Then how do neoclassical models
that are subject to constant returns to scale, no joint production and
homogeneous labour arrive at an upward sloping supply curve? The upward
slope of the supply curve reflects the increase in the relative price of the
productive service which is required in a relatively high proportion in the
production of the good. For example, if the good under consideration
happens to be produced with a relatively high proportion of labour to
‘capital’, that is, a high ‘labour intensity’, an increase in the demand for the
good, that is, a rightward shift of the demand schedule, would lead to a rise
in the relative price of the good due to an increase in the wage rate relative
to the rate of profits. This change in the relative prices of productive
services is ultimately traced back to changes in the relative scarcity of the
factors, labour and ‘capital’, the endowments of which are assumed to be
given.

It is therefore the hypothesis that the rate of profits (or, alternatively, the
wage rate) is given and independent of the level and composition of output
which account for the theorem. This hypothesis is completely extraneous to
the neoclassical approach and in fact assumes away the role played by one
set of data from which that analysis commonly begins: given initial
endowments. The assumption of a given rate of profits radically transforms
the substance of the theory. With the endowment side chopped off, the
concept of ‘scarcity’ of factors of production loses the significance usually
attributed to it in neoclassical explanations of relative prices. Hence the
demand for goods, and thus preferences, can no longer exert an influence
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on prices via the derived demand for factor services which are available in
given supply: the prices of goods are independent of demand because
income distribution is assumed to be independent of demand. It goes
without saying that in the framework of classical analysis, with its different
approach to the theory of value and distribution, a characteristic feature of
which is the non-symmetrical treatment of the distributive variables, there
is nothing unusual or exceptional about the non-substitution theorem.8 A
similar argument can be developed with respect to the turnpike theorems.
Until a few decades ago the time horizon in intertemporal general
equilibrium theory was assumed to be finite and, therefore, arbitrary. The
introduction of an infinite horizon turned out to be critical (see also
Burgstaller 1994:43-8). It pushed the analysis inevitably towards the long
period. This was clearly spelled out, for instance, by Robert Lucas in a
contribution to the ‘new’ theories of endogeneous growth. Lucas (1988)
replaced the ‘behaviouristic’ approach to the problem of saving in terms of
a given saving rate (as in Solow) by assuming that there exists an immortal
‘representative’ agent concerned with maximizing an intertemporal utility
function over an infinite horizon. The utility function is specified in terms
of two parameters: the rate of time preference, or discount rate, and the
elasticity of substitution between present and future consumption. The
production function of the consumption good is specified in terms of
human capital and physical capital. There is also a function describing the
formation of human capital in terms of human capital and nothing else.
Lucas observed that “for any initial capital K(0)>0, the optimal capital-
consumption path (K(t), c(t)) will converge to the balanced path
asymptotically. That is, the balanced path will be a good approximation to
any actual path “most” of the time” and that ‘this is exactly the reason why
the balanced path is interesting to us’ (Lucas 1988:11). Lucas thus
advocated a (re-)switching from an intertemporal analysis to a long-period
steady-state one. Since the balanced path of the intertemporal model is the
only path analysed by Lucas, the intertemporal model may be regarded
simply as a step towards obtaining a rigorous long-period setting.
(Paraphrasing a dictum put forward by Paul Samuelson in a different
context, we may say that intertemporal analysis is a detour with regard to
long-period steady-state analysis.) Moreover, Lucas abandoned one of the
characteristic features of all neoclassical theories, that is, income
distribution is determined by the demand and supply of factors of
production: if we concentrate on the ‘balanced path’, capital in the initial
period cannot be taken as given along with other ‘initial endowments’. In
Chapter 4 below we show that, as regards its basic analytical structure (as
opposed to its building blocks), the so-called ‘new’ growth theory belongs
within the realm of what we have called ‘classical’ economics. In
particular, it will be shown that in the free competition versions of this
theory (the other versions are not analysed here) the ‘technology’ to
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produce ‘human capital’ (or, alternatively, ‘knowledge’ in some
approaches) plays the same role as the assumption of a given wage rate in
‘classical’ economics.

We hope that this book will make it clear (i) that the long-period method
is an extremely powerful tool of analysis, if handled correctly; and (ii) that
a correct long-period analysis cannot take the endowment of ‘capital’ as
given. However, our tribute to long-period analysis of ‘classical’ derivation
must not be mistaken to imply opposition on our part to the development of
a proper dynamic analysis. We are convinced, rather, that a correct long-
period analysis provides the best ground for starting to elaborate a
dynamical analysis. As Edwin Burmeister stressed in a recent review of
Kurz and Salvadori (1995), ‘It is natural to try to answer the easiest
questions first, and it is much easier to study economics in a “long-period
equilibrium” than ones in which the rate of profit is not uniform and is
changing over time. Very little is known about the properties of such more
realistic economies..., and even the little that is known usually is only
about special and quite unrealistic cases (such as the one-good case).
Almost nothing is known about the dynamic behavior of the more complex
models’, which can be studied within a long-period classical framework
(Burmeister 1996:1345-6).

NOTES

1 Garegnani (1990b) has put forward the following argument in support of
‘gravitation’. Taking a system in which each commodity enters (directly or indirectly)
into the production of all commodities, when a negative deviation in the market price
of a particular commodity is accompanied by a positive deviation in the rate of profit,
the same opposition of signs cannot be true for at least one of the means of production
that enter directly or indirectly into the production of that commodity. For that means
of production both the rate of profit deviation and the market price deviation will have
to be negative. Hence the fall in its output will tend to raise its market price, leading
directly or indirectly to a fall in the rate of profit of the commaodity. This fall in the
rate of profit will then reverse ‘the initial “perverse” rise in output’ (ibid: 331).

2 See also Kurz (1994) and Gehrke and Kurz (1995), reprinted as Chapters 9 and 10
below. Whilst most of the reasoning in this book refers to the case of a closed
economy, Chapter 3, which is a reprint of Kurz (1992), is concerned with foreign
trade, paying special attention to joint production in Adam Smith’s “vent for surplus’
argument.

3 It should be pointed out here that we shall encounter a similar perspective in the
writings of later authors who can be reckoned as belonging to the classical tradition,
including Vladimir K.Dmitriev, Ladislaus von Bortkiewicz, Georg von Charasoff,
Wassily Leontief, Robert Remak, John von Neumann and Piero Sraffa. For some
evidence see Kurz and Salvadori (1993), reprinted as Chapter 2 below, and Kurz and
Salvadori (1995: Chapter 13).

4 The conditions required for the validity of the labour theory of value with no choice of
technique are well known (see, for instance, Kurz and Salvadori 1995:110-13).
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Starting from Baldone (1984), Salvadori and Steedman (1988, reprinted as Chapter 11
below) have investigated some further requirements when a choice of technique is
involved and no technique is cost-minimizing at each relevant rate of profit.

5 On the importance of uniqueness and stability see, for example, Marshall ([1890]
1977:665n.).

6 For a summary statement of the different versions of the theory and the debates
around them see Kurz (1987), Garegnani (1990a) and Kurz and Salvadori (1995:
Chapter 14). The debate started with a paper by Joan Robinson (1953), using a
description of technology in terms of ‘productivity curves’. This description was soon
put on one side after the publication of Piero Sraffa’s Production of Commodities by
Means of Commaodities (1960). Salvadori (1996, reprinted as Chapter 13 below)
provides a mathematical reconstruction of the description of technology introduced
by Joan Robinson. This description has the advantage of being more easily accessible
to economists with a neoclassical background and an interest in macroeconomics.
Kurz and Salvadori (1997, reprinted as Chapter 12 below) put a part of the debate on
the theory of capital in a methodological framework and raise the question of how it
was possible, despite the fact that the neoclassical authors participating in the debate
admitted the difficulty under consideration, for this to have apparently, and
surprisingly, gone largely unnoticed in contemporary mainstream economics.

7 For a more detailed discussion of Sraffa’s contribution see Kurz and Salvadori (1995,
especially Chapter 13).

8 Kurz and Salvadori (1994, reprinted as Chapter 5 below) show that the
nonsubstitution theorem conceived of as a uniqueness theorem does not need to hold
if the rate of profits equals its maximum level (implying a zero wage rate) unless a
further assumption is introduced. However, even if uniqueness may fail in this case,
nevertheless demand plays no role in determining prices.
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VON NEUMANN’S GROWTH
MODEL AND THE ‘CLASSICAL’
TRADITION

Heinz D.Kurz and Neri Salvadori

‘It is obvious to what kind of theoretical models the above assumptions
correspond’ (von Neumann 1945:2). With this remark John von Neumann
(1903-57) concluded the exposition of the premises underlying his famous
growth model, which was first published in German in 1937 and then
translated into English and published in 1945 (see von Neumann 1937,
1945). What was obvious to him need no longer be obvious to us. However,
scrutinizing the contemporary literature on the von Neumann model shows
that there exists a clearly dominant view as to the nature and theoretical
affiliation of von Neumann’s contribution. This dominant view is well
expressed by Kenneth Arrow, who, in a contribution to a volume
celebrating the fiftieth anniversary of the publication of the growth model,
wrote, ‘Though von Neumann makes no reference..., it seems very clear
that he took Cassel’s work as a starting point’ (Arrow 1989:17). This
interpretation is shared by the editors of that volume, who maintained that
the Cassellian system ‘forms the backdrop to the model expounded in his
1937 paper’ (Dore et al. 1989:2; see also Weintraub 1985:77). And Lionel
McKenzie in his entry ‘General equilibrium’ in The New Palgrave
contended that Cassel’s model ‘was generalized to allow joint production in
a special context by von Neumann’ (1987:500). The reference is to Gustav
Cassel’s Theoretische Sozialékonomie, published in 1918, which contains a
considerably simplified version of Walras’s theory (see Cassel 1918).1 It is
known as the ‘Walras-Cassel model’, a name coined by Robert Dorfman,
Paul Anthony Samuelson and Robert Solow (1958:346).

This chapter examines the conventional interpretation of the von
Neumann model and confronts it with an alternative interpretation. The
idea of writing this chapter was born while we were working on a book
manuscript dedicated to the theory of production from a von Neumann-
Sraffa point of view (see Kurz and Salvadori 1995). Since one concern of
the book is with tracing the historical origins of the concepts used, we
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studied the literature on the two proximate originators of the approach
adopted by us, only to find out that their contributions are frequently
regarded as belonging to vastly different or even diametrically opposed
traditions in economic thought. Hence our view as to the compatibility of
the two approaches was questioned.

Delving deeper into the matter amplified our doubts about the
conventional interpretation of the von Neumann model. These doubts
concern both the circumstantial evidence put forward in support of a
‘“Walras-Cassel connection’ of von Neumann’s growth model and, much
more important, the possibility of reconciling characteristic features of the
latter with neoclassical (long-period) theory. Since from our point of view
the conventional interpretation does not stand up to examination, the
question was close at hand whether a different interpretation could be tried
which is both plausible and not in conflict with the facts known to us. We
think that we can offer elements of such an interpretation, in which the von
Neumann model emerges as belonging to the ‘classical’ tradition of
economic thought. It deserves to be stressed that for this interpretation it is
of no importance whether von Neumann was familiar with the writings of
the classical economists or those working in that tradition; in all probability
he was not and did not care whether his analysis was ‘classical’,
‘neoclassical’ or anything else. What matters is the similarity of the
structure of the respective approaches. Interestingly, though, von Neumann
may well have come across pieces of economic analysis of classical
derivation while he was a Privatdozent at the University of Berlin from
1927 to 1929. However, since we lack direct evidence in favour of the
interpretation put forward here, either from von Neumann himself or from
the group around him, it would be presumptuous of us to demand more than
that our interpretation be heard together with the traditional one. It is up to
the reader to decide which of the two, if either, is more convincing.

For the purpose of this chapter we shall adopt the following distinction
between the ‘classical’ and the ‘neoclassical’ approach to the theory of
distribution and relative prices in conditions of free competition, i.e. in the
absence of substantial barriers to entry or exit. The ‘classical’ tradition
focuses attention on goods that are reproducible. Production is conceived as
a circular flow: commodities are produced by means of commaodities. The
wage rate(s) are assumed to be given from outside the system of
production, determined by social conditions. The means of production are
divided into scarce and reproducible: scarce means of production, such as
land, yield their owners a (differential) rent, whereas reproducible means of
production, i.e. capital goods, yield their owners a uniform rate of profit on
the value of the capital invested. Hence, there is a fundamental asymmetry
in the classical theory of distribution.

In contradistinction, in the ‘neoclassical’ tradition all prices, including
the prices of ‘factor services’, are conceived as indexes of scarcity. Wages,
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profits and rents are determined symmetrically in terms of supply and
demand. This requires that supply and demand are conceived as schedules
relating price and quantity, where either the supply or the demand curve or
both incorporate some substitutability between factor services or goods
such that the two curves intersect. The point of intersection gives the
equilibrium price and quantity. In the long-period versions of neoclassical
analysis, with which we shall be exclusively concerned in this chapter, the
economy is assumed to be in a self-replacing state, which means that the
prices of the newly produced means of production are exactly the same as
those of the means of production that entered as inputs at the beginning of
the production process, and that a uniform rate of profits (or interest) is
obtained on the supply price of capital goods.?

The structure of the chapter is as follows. In the first part, comprising the
next three sections, the conventional interpretation of the von Neumann
model will be scrutinized. Pages 27-9 summarize that interpretation; pp.
29-31 sketch the von Neumann model; and pp. 31-3 point out the
difficulties in the conventional view. In the second part, pp. 33-46, the von
Neumann model will be compared with major contributions to the
‘classical’ tradition preceding von Neumann. On pp. 33-41 central
concepts employed by him are traced back to classical authors and authors
working in that tradition. Pages 41-5 provide a summary statement of a
contribution by Robert Remak, who was a colleague of von Neumann’s at
the University of Berlin. Pages 45-6 argue that von Neumann’s paper can
be read as containing, among other things, an implicit answer to the paper
by his fellow mathematician. The final section draws some conclusions.

ON THE CONVENTIONAL INTERPRETATION OF THE
VON NEUMANN MODEL

The essential reasons given in the literature in support of the ‘neoclassical’
interpretation are as follows. First, in 1936 von Neumann gave his paper in
Karl Menger’s famous Mathematical Colloquium at the University of
Vienna; the paper was then for the first time published in the proceedings of
the colloquium, Ergebnisse eines mathematischen Kolloquiums (von
Neumann 1937). Since the earlier contributions to the colloquium
dedicated to economics dealt with the problem of the existence of an
equilibrium solution of the ‘Walras-Cassel model’, it is concluded that von
Neumann was concerned with essentially the same problem, adopting the
same (neoclassical) perspective.?

While circumstantial evidence of this kind is not without interest, it
cannot of course replace a proper demonstration of the ‘family
resemblance’ of the analyses under consideration. Such a demonstration is
all the more needed since we know from von Neumann that he had read his
paper for the first time in the winter of 1932 at the Mathematical Seminar of
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Princeton University (cf. von Neumann 1945:1), i.e. more than one year
before Schlesinger and Wald gave their papers at Menger’s colloquium on
19 March 1934.4 Such a family resemblance could be shown to exist if in
terms of scope, method and content the analyses were similar. According to
some authors there is clear evidence that this is the case (see, for example,
Weintraub 1985; Punzo 1989, 1991).

In terms of scope, von Neumann is said to share Cassel’s concern with
equi-proportionate growth in the production of all commodities (e.g.
Weintraub 1985:77). Cassel presents two models, one of a ‘continuous
stationary society’ (Cassel 1932:144), the other of an economy growing
along a steady-state path. In his first model it is assumed that n
commodities are produced by using m primary resources, or factors of
production, in given supply, employing a single fixed coefficients
technology. This provides the basis for his second model, which is sketched
only verbally. He introduces it in the following terms: ‘We must now take
into consideration the society which is progressing at a uniform rate. In it,
the quantities of the factors of production which are available in each
period...are subject to a uniform increase’ (ibid.: 152). The exogenously
given uniform and constant rate of growth of the various endowments also
gives the rate of expansion of the economy as a whole. In Cassel’s view this
‘generalization’ of the previous model does not cause substantial problems:
the original set of equations giving the supply and demand for goods and
factors is easily adapted to the new case, ‘so that the whole pricing problem
is solved’ (ibid.: 153).

As regards the method used, we may distinguish between several
aspects. In terms of the notion of equilibrium adopted, Cassel, the Viennese
economists and von Neumann are all concerned with long-run competitive
equilibria characterized by the absence of extra profits. Yet there appear to
exist two even more important aspects which account for the close link seen
by many interpreters between the von Neumann model and neoclassical
general equilibrium analysis. First, it is pointed out that von Neumann on
the one hand and Schlesinger and Wald on the other ‘share one essential
outlook, that of emphasizing inequalities rather than equalities as the true
characterization of economic equilibrium’ (Arrow 1989:18). It is indeed a
widespread opinion that the original novelty of the contributions to
Menger’s seminar consisted in the introduction of complementary
slackness conditions, and that von Neumann in his paper simply made use
of the same device.5 Second, interpreting ‘method’ in the technical sense of
the mathematical technique used to prove the existence of an equilibrium,
the tool developed by von Neumann, i.e. a generalization of Brouwer’s
fixed point theorem, soon became the basic tool of neoclassical general
equilibrium theory.

Finally, it is pointed out that in terms of content the Rule of Free Goods
is employed by Schlesinger, Wald and von Neumann. This rule is taken to
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express the neoclassical view that a good that is in excess supply assumes a
zero price. In a controversy with Kaldor, Solow claimed that ‘the pricing
side of von Neumann’s model contained assumptions which took us back to
Menger, Walras and the marginal productivity theory’ (see Lutz and Hague
1961:297).

Hence, on all three counts, the conventional interpretation appears to be
well founded. Moreover, there is some evidence that von Neumann was
familiar with the writings of major marginalist authors. Kaldor, who knew
von Neumann from Budapest, their home town, and who was on friendly
terms with him, recalls that ‘One day he expressed an interest in economics
and he asked me whether | could suggest a short book which gives a formal
mathematical exposition of prevailing economic theory.” Kaldor suggested
Wicksell’s Uber Wert, Kapital und Rente (1893). ‘He read it in a very short
time and expressed some scepticism of the “marginalist” approach on the
grounds that it gives too much emphasis to substitutability and too little to
the forces which make for mutually conditioned expansion.” According to
Kaldor, von Neumann subsequently had a look at the original Walrasian
equations (cf. Walras [1874] 1954). ‘He told me afterwards that they
provide no genuine solution, since the equations can result in negative
prices (or quantities) just as well as positive ones’ (Kaldor 1989:viii).

Thus, while the works of Wicksell and Walras appear to have been a
source of inspiration to von Neumann, according to Kaldor’s recollection
he was dissatisfied not only with the fact that no proper existence proof of
equilibrium was provided but also with the economic substance of the
argument put forward. The following summary statement of von
Neumann’s model provides the basis of the ensuing critical discussion of
the dominant interpretation of that model.

THE VON NEUMANN GROWTH MODEL

Von Neumann assumes that there are n goods which can be produced by m
constant returns to scale production processes. The problem is to establish
which processes will actually be used and which will not, being
‘unprofitable’.6 Von Neumann takes the real wage rate, consisting of the
‘necessities of life’, to be given and paid at the beginning of the (uniform)
production period. In addition he assumes ‘that all income in excess of
necessities of life will be reinvested” (1945:2). The characteristic features
of the model include: (i) ‘Goods are produced not only from “natural
factors of production”, but in the first place from each other. These
processes of production may be circular’ (ibid.: 1); (ii) the processes of
production “can describe the special case where good G; can be produced
only jointly with certain others, viz. its permanent joint products’ (ibid.: 2);
(iii) both circulating and fixed capital can be dealt with: ‘wear and tear of
capital goods are to be described by introducing different stages of wear as
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different goods, using a separate P, [process i] for each of these’ (ibid.: 2).
These assumptions are coupled with the Rule of Free Goods: ‘if there
is excess production of G;, G; becomes a free good and its price [pj]=0
(ibid.: 3).

Von Neumann’s approach can be summarized as follows. Let A and B be
the mxn input and output matrices, respectively, where A includes the
means of subsistence in the support of workers; and let g be the m-
dimensional vector of activity levels and p the n-dimensional price vector,
a=1+g is the expansion factor, where g is the expansion or growth rate;
B=1+r is the interest factor, where r is the rate of interest (or rate of profits).
The model is subject to the following axioms.

g'Bzag’A Q)
Bp=RAp (2)
q7(B-aA)p=0 @)
a"(B-BA)p=0 @)
g=0 and p=0 (5)

Axiom (1) implies that « times the inputs for a given period are not larger
than the outputs of the previous period. (2) is the no extra profits condition.
(3) states the free disposal assumption. (4) implies that processes which
incur extra costs will not be operated. Finally, (5) requires that both the
intensity and the price vector are semi-positive. In order to demonstrate that
for any pair of non-negative matrices A and B there exist solutions for g
and p and for a, =0, and 8, 8=0, von Neumann in addition assumes:

A+B>0 (6)

which implies that every process requires as an input or produces as an
output some positive amount of every good.

On the basis of these givens von Neumann determines (i) which
processes will be operated; (ii) at what rate the economic system will grow;
(iii) what prices will obtain; (iv) what the rate of interest will be. He is able
to demonstrate the existence of a solution and that, of necessity, a==R, i.e.
the growth and the interest factor are equal.

The stimulation to publish an English version of the paper came from
Nicholas Kaldor, then chairman of the editorial committee of The Review of
Economic Studies. Kaldor arranged also for the translation of the paper and
was concerned with rendering the mathematically demanding paper
attractive to an audience of economists. A first step in the pursuit of this
goal appears to have been the adaptation of the paper’s title (cf. Kaldor
1989:x), a literal translation of the original German version of which would
have been ‘On an economic system of equations and a generalization of
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Brouwer’s fixed point theorem’. The second part of the title, which reflects
von Neumann’s assessment that the main achievement of the paper
consisted in the generalization of a mathematical theorem, was dropped
entirely, and the neutral term ‘economic system of equations’ was replaced
by the not so neutral term ‘model of general economic equilibrium’.

The second step consisted in asking David Champernowne, ‘the most
mathematically-minded economist | knew, to write an explanatory paper ad
usum delphini, for the use of the semi-numerates, to appear alongside it in
the Review of Economic Studies’ (ibid.: x).” In a footnote to the introduction
of his paper, Champernowne thanks Nicholas Kaldor for help with
economic ideas, and Piero Sraffa and a Mr Crum for ‘instruction in subjects
discussed in this article’ (Champernowne 1945:10 n. 1). Interestingly, in
Champernowne’s interpretation von Neumann’s model emerges as one
characterized by essentially ‘classical’ features. Before we deal with the
classical tradition and von Neumann’s paper, a critical discussion of the
now conventional view will be provided.

SOME DIFFICULTIES IN THE CONVENTIONAL
INTERPRETATION

It is a characteristic feature of neoclassical theory of whichever variety that
it attempts to explain all prices and quantities, including the prices of
productive services and the employment levels of these services, in terms of
demand and supply. The data or independent variables from which the
theory starts are the following. It takes as given:

(i) Initial endowments of the economy and who owns them,
(if) Preferences of consumers.
(iii) The set of available techniques.

On the basis of these data the theory tries to find an ‘equilibrium’ price
vector that simultaneously clears all markets for goods and services. In
some representations of the theory demand and supply functions, or
correspondences, are constructed for each good and each service. The
intersection between a demand and the corresponding supply function then
gives the equilibrium values of the quantity traded and the price ruling in
the respective market.

Those who claim that von Neumann’s model can be given a neoclassical
interpretation would have to demonstrate that the former starts from the
same set of data (i)—(iii) and centres around the same theoretical concepts:
‘demand’ and ‘supply’. Such a demonstration is still lacking, and the
following discussion shows why.

In von Neumann’s model there are no initial endowments that could
constrain productive activity and economic expansion: it is explicitly
assumed that primary factors are available in abundance and that there is no
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historically given endowment of the economy with physical or value
capital .89

This observation leads to the following one. As mentioned on pp. 26-7,
the neoclassical economists explain all distributive variables, including
profits, symmetrically in terms of supply and demand in regard to the
respective factors of production, including a factor called ‘capital’. This
necessitates that one starts from a given ‘quantity of capital’, the ‘scarcity’
of which is seen to be reflected in the level of the rate of profits, or rate of
interest.20 In contradistinction—and this concerns a crucial difference—in
the von Neumann model we encounter exactly the same asymmetry in the
theory of distribution that is characteristic of classical analysis: the real
wage rate is given from outside the system and profits are conceived as a
residual magnitude. As Kaldor stressed at the 1958 Corfu conference on the
theory of capital, there is no reason to presume ‘that von Neumann’s model
was merely Wicksell, Marshall or the whole neoclassical school in a new
disguise’ (cf. Lutz and Hague 1961:296-7).

Finally, it deserves to be mentioned that in the von Neumann model the
(long-term) rate of growth is determined endogenously rather than
exogenously, as in Cassel’s neoclassical analysis, which takes as given the
rates of growth of all primary factors and assumes their continuous full
employment. No such assumption is to be found in von Neumann.

In von Neumann’s model preferences can at most be said to play a rather
concealed role: the only route through which they could exert some
influence on the equilibrium solution is via the so-called ‘necessities of
life’, which are taken into account in the (augmented) input matrix A (see p.
30 above). If the necessities of life reflect consumers’ choice to some
extent, as is argued by Samuelson (1989), it might be said that tastes play a
role in the determination of relative prices and income distribution. For,
with a different vector of wage goods reflecting workers’ needs, even with
given available methods, the method(s) chosen, the product(s) that have
zero prices and the rate of interest may be different (see the numerical
example in Steedman 1977:186-91).

Samuelson is, of course, right in stressing that a change in the real wage
rate may, and generally will, result in a change in the equilibrium solution
of a von Neumann model. Yet in von Neumann’s analysis the vector of
goods constituting the means of subsistence of workers does not depend on
relative prices. Hence, while it is perhaps an exaggeration to maintain that
the von Neumann model is characterized by ‘a complete omission of final
demand’ (Arrow 1989:22), it is of course true that ‘In contrast to Walras’s
formulae..., no direct marginalistic connection between prices and
quantities is assumed’ (Menger 1973:56).1

As regards the assumption of a given set of alternative processes of
production from which producers can choose, there is no material
difference between the neoclassical (with the Walras-Cassel model as a
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special case) and the von Neumann model.22 However, as has already been
noted, there are important differences in the way in which the latter and the
Walras-Cassel model conceptualize production. While in the Walras-Cassel
model production is conceived as the instantaneous transformation of the
services of the original factors of production into final goods, in the von
Neumann model it is assumed that production takes time and that
commodities are produced by means of commodities: the outputs of a
process are available one time unit later than the inputs enter it. While the
Walras-Cassel model sets aside capital goods, the von Neumann model
takes into account both circulating and fixed capital.

Hence salient features of any type of (long-period) neoclassical model,
including the Walras-Cassel variant of it, are absent in von Neumann’s
formulation. We may therefore conclude that the conventional
interpretation of the latter is in serious trouble. We have also suggested that
there exist some striking parallels between the approach chosen by von
Neumann and that of the old classical economists. The following section
will scrutinize the relationship between the two in greater detail. In the
course of tracing back major concepts used in von Neumann’s model in the
history of economic thought we shall also take the opportunity to question
some received opinions regarding the originality of ideas.

THE ‘CLASSICAL’ TRADITION

Several authors have emphasized the ‘classical’ nature of von Neumann’s
model. The first to point out that characteristic features of it are difficult to
reconcile with ‘the more traditional [i.e. neoclassical] approach’ was David
Champernowne (1945). These features include: society is assumed to be
stratified in two classes, ‘workers’ and ‘the propertied class’; ‘workers
spend all their income and capitalists save theirs’ (ibid.: 16 n. 1); emphasis
is on ‘the circular nature of the production process’ (ibid.: 12); prices
‘depend on supply conditions alone and not on the tastes of consumers.
This emphasis is important because the orthodox analysis has distributed
attention evenly between marginal utility and conditions of supply’ (ibid.:
12; similarly 17); ‘the rate of interest is not determined as the supply price
of waiting, abstinence or saving’, no reference is made ‘to marginal
products or to the marginal efficiency of capital’ or to the (Austrian)
concept of the ‘period of production’ (ibid.: 12). Similarly, in his
contribution to the 1958 Corfu conference Kaldor called the von Neumann
model ‘a variant of the classical approach of Ricardo and Marx’ (Kaldor
1961:181; see also Lutz and Hague 1961:295); and Michio Morishima
stressed that ‘Marx’s theory contains in itself a way to the von Neumann
Revolution” (1973:3; see also Walsh and Gram 1980; Goodwin 1986).

In what follows we shall deal briefly with the historical roots of the
concept of production as a circular flow; the notion of a uniformly
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expanding economy; the Rule of Free Goods as applied to original factors
of production and produced goods; and the use of inequalities in the formal
analysis of the existence of a cost-minimizing system of production.

Production as a circular flow and the concept of a uniformly
expanding economy

Profits and growth

The concept of ‘the circular nature of the production process’ emphasized
by von Neumann can be traced back to the very beginnings of classical
political economy.23 It is present as early as in the works of William Petty
and Richard Cantillon and was given a clear two-sectoral expression in the
Tableau Economique of Francois Quesnay. The concept of circular flow
surfaces in the writings of Adam Smith; it is put into sharp relief in David
Ricardo’s Essay on Profits (cf. Ricardo, Works V1) and in the second edition
of Robert Torrens’s Essay on the External Corn Trade (cf. Torrens 1820).14
In that essay Torrens lays down, ‘as a general principle’, that the
agricultural rate of profit is determined in physical terms and takes the
exchange value of manufactured goods relative to corn to be so adjusted
that the same rate of profit obtains in manufacturing (cf. ibid.: 361).2* And
in his Essay on the Production of Wealth, published in 1821, he shows that
the applicability of that principle is not limited to the case in which there is
only one sector which is in the special position of not using the products of
other sectors while all the others must use its product as capital. However,
the case of uniform input proportions put forward by him to illustrate the
argument (cf. Torrens 1821:372-3) is hardly less special.1

Further important contributions based on the concept of production as a
circular flow were put forward, among others, by Karl Marx (1956, Part Ill;
1959, Part I1); Ladislaus von Bortkiewicz (1906-7; 1907), who elaborated on
the formalization of Ricardo’s theory of value and distribution by Vladimir
K.Dmitriev (1974); and the Russian mathematical economist Georg von
Charasoff (1910).1” Von Charasoff built on the foundations laid by his fellow-
countrymen in an attempt to reformulate Marx’s theory in a way that is logically
unassailable. He deserves the credit for discussing prices and the rate of profits
on the one hand and quantities and the rate of growth on the other within the
framework of a physically fully specified input-output system, and for pointing
out the remarkable symmetry of the two sets of variables.8

Anticipating ‘duality’

Von Charasoff develops his main argument within the framework of an
interdependent model of (single) production, which exhibits all the
properties of the later input-output model. The central concept of his
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analysis is that of a ‘series of production’ (Produktionsreihe): it consists of
a sequence, starting with any (semi-positive) net output vector (where net
output is defined exclusive of wage goods), followed by the vector of the
means of production and the means of subsistence in the support of workers
needed to produce this net output vector, then the vector of the means of
production and the means of subsistence needed to produce the previous
vector of inputs, and so on. Von Charasoff calls the first input vector
‘capital of the first degree’ (Kapital erster Ordnung), the second ‘capital of
the second degree’ (Kapital zweiter Ordnung), etc. This series ‘has the
remarkable property that each element of it is both the product of the
following and the capital of the preceding element; its investigation is
indispensable to the study of all the theoretical questions in political
economy’ (Charasoff 1910:120).

The series under consideration is obviously closely related to the
expanded Leontief inverse. In the case of circular production it is infinite.
Tracing it backwards, first all commodities that are ‘luxury goods’
disappear from the picture, next all commodities that are specific means of
production needed to produce the luxury goods, then the specific means of
production needed in the production of these means of production, etc. On
the implicit assumption that none of the commodities mentioned so far
enters in its own production,

it is clear that from a certain finite point onward no further exclusions
have to be made, and all the remaining elements of the series of
production will always be made up of the selfsame means of
production, which in the final instance are indispensable in the
production of all the different products and which therefore will be
called basic products (Grundprodukte).

\Von Charasoff adds:

The whole problem of price boils down...to the determination of the
prices of these basic products. Once they are known, the prices of the
means of production used in the production of luxuries and finally
also the prices of the latter can be derived.

(ibid.: 120-1)

A further property of the “series of production’ deserves to be stressed: the
capital of the second degree is obtained by multiplying the capital of the
first degree by the augmented input matrix.

Yet since the physical composition of a sum of capitals is obviously
always a medium between the physical compositions of the summands,
it follows that capitals of the second degree deviate from one another to
a smaller extent than is the case with capitals of the first degree.

(ibid.: 123)
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The further one goes back in the “series of production’ the more equal
the compositions of the capitals become, i.e. capitals of a sufficiently
high degree ‘may practically be seen as different quantities of one and the
same capital: the original or prime capital (Urkapital)’. As Charasoff
observes,

this original type, to which all capitals of lower degree converge,
possesses the property of growing in the course of the process of
production without any qualitative change, and that the rate of its
growth gives the general rate of profits.

(ibid.: 124)

The rate of profits can thus be ascertained in terms of a comparison of two
quantities of the same composite commodity: the ‘original capital’. Von
Charasoff emphasizes, ‘The original capital expresses the idea of a surplus-
value yielding, growing capital in its purest form, and the rate of its growth
appears in fact as the general capitalist profit rate’ (ibid.: 112).19 In the
hypothetical case in which all profits are accumulated, the proportions of
the different sectors equal the proportions of the original capital. In that
case the actual rate of growth equals the rate of profits: the system expands
along a von Neumann ray.

These considerations provide the key to a solution of the problem of
price. For, if the various capitals can be conceived ‘as different amounts of
the selfsame capital..., then prices must be proportional to the dimensions
of these, and the problem of price thus finds its solution in this relationship
based on law’ (ibid.: 123). The solution to the price problem can therefore
be cast in a form in which ‘the notion of labour is almost entirely by-
passed’ (ibid.: 112). Implicit in this reasoning is the abandonment of the
labour theory of value as a basis for the theory of relative prices and the rate
of profits: taking the technical conditions of production and the real wage
rate as given, prices of all commaodities and the general profit rate can be
determined without having recourse to labour values.

Von Charasoff was perhaps the first author to note clearly what von
Neumann more than two decades later was to call ‘the remarkable duality
(symmetry) of the monetary variables (prices pj, interest factor B) and the
technical variables (intensities of production g, coefficient of expansion of
the economy a’ (von Neumann 1945:1).20

The rule of free goods

As we have seen (pp. 28-9), it is widely held that the original novelty of the
contributions to Menger’s colloquium consisted in the use of inequalities in
economic analysis. Whether a productive resource in fixed supply is scarce
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or not is no longer taken as given from outside, as in previous theory, but is
decided endogenously and is thus a part of the solution of the system.

While there can be no doubt that the introduction of complementary
slackness conditions represents an achievement, it is questionable whether
the underlying idea is really new. In what follows we shall distinguish
between the application of the Rule of Free Goods to ‘original’ factors of
production—in particular, different qualities of land on the one hand and
(one or several qualities of) labour on the other, and to produced
commodities.

The notion that in conditions of free competition the services of certain
factors of production, such as some qualities of land, which are in excess
supply assume a zero price was a standard element in classical rent theory
from James Anderson to David Ricardo. See, for example, the following
statement by Ricardo in which reference is to land available in abundant
quantity: ‘no rent could be paid for such land, for the reason stated why
nothing is given for the use of air and water, or for any of the gifts of nature
which exist in boundless quantity’ (Works: 69; see also Sraffa 1960:75). At
most, one could say that there is old wine in new bottles. What is new is
that the applicability of the Rule of Free Goods is defined differently. In
classical economics that rule was not applied to labour; see, for example,
Ricardo’s discussion of the labour-displacing effects of the introduction of
machinery: the presence of unemployed labourers does not drive the wage
to zero (cf. Works I: chapter 31). In contradistinction, in early contributions
to neoclassical general equilibrium theory the rule is taken to be
indiscriminately applicable to all primary inputs, including labour. Hence
the ‘reservation price’ for all primary inputs is taken to be zero, whereas in
classical economics that for labour is positive.

Interestingly, von Neumann applied the Rule of Free Goods in the same
way as the classics. While he assumed That the natural factors of
production, including labour, can be expanded in unlimited quantities’
(1945:2), that did not make him treat all these factors alike. Rather, he
singled out labour as the only factor that is exempt from that rule; all other
primary factors, although needed in production, ‘disappear’ from the scene
because they are taken to be non-scarce.?2 Labour is assumed to receive an
exogenously given wage bundle which is independent of the degree of
unemployment.2

By contrast, von Neumann rather generalized the Rule of Free Goods to
products. This is possible because unlike the Viennese economists (and
Walras), who assumed single production, he allowed joint production: with
single production no produced commaodity can be a free good, other than in
the ultra-short period. Interestingly, the Rule of Free Goods as applied to
products can likewise be traced back to the writings of the classical
economists. Adam Smith pointed out that with joint production the
proportions in which the products can be produced need not coincide with
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those in which they are wanted. Hence some products may be
overproduced, with the consequence that ‘the greater part of them would be
thrown away as things of no value’ (see Smith, WN 1.xi.c.4; see also Kurz
1986).24

These considerations show how misleading it can be to try to infer the
economic content of a model from the analytical tools or ‘method’ used.
The way in which von Neumann used the inequality method appears to
preclude the possibility of interpreting his model in a straightforward
manner as belonging to the neoclassical tradition. At the same time the use
he made of that method does not seem to be in conflict in any simple or
obvious way with a classical interpretation of his model.

The choice of technique problem and the use of inequalities

The classical approach

Ever since the inception of systematic economic analysis the problem of the
choice of technique has played an important role. Scrutiny shows that the
classical economists proceeded in two steps. They first analysed an
economy using a given system of production. Thus, in the chapter ‘On
value’ of the Principles, Ricardo is concerned with investigating the
relationship between relative prices and the level of the rate of profits for a
given system of production. It is only subsequently that the problem of the
choice of technique is addressed.

This latter problem can be divided into two sub-problems: (i) Which
methods of production should be chosen from a given set of alternative
methods? (ii) Should a newly available method of production be adopted?
Problem (i) is investigated, for example, in the second chapter of Ricardo’s
Principles, ‘On rent’. Emphasis is on which kinds of land (or methods of
production) will be used in order to produce given outputs. With free
competition the choice of technique problem consists in finding, given the
real wage rate, a cost-minimizing system of production, including the
cultivation of land, for which commaodity prices, rents and the rate of profits
are non-negative and no process yields extra profits. Problem (ii)—in
modern parlance, whether an invention will become an innovation—is
investigated in chapter 31, ‘On machinery’. There Ricardo also provides,
albeit in a rudimentary form, an analysis of the transition of the economy
from one long-period position to another. Initially the capitalist ‘who made
the discovery of the machine, or who first usefully applied it, [would
make]...great profits for a time’ (Works I: 387), i.e. would pocket ‘extra’ or
‘surplus’ profits. Competition would then bring about a fall in prices to
costs of production and force other capitalists to adopt the superior method
of production. The adjustment process would eventually establish a new
long-period position characterized by a new system of production and the
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associated new levels of the rate of profits, of real wages, and of prices
(similarly Smith, WN 1.x.b.43). Ricardo was thus also concerned with
investigating the logical generation of a long-period position of the
economy.

Inequalities

Only a few years after the publication of the third edition of Ricardo’s
Principles (1821) a group around William Whewell at the University of
Cambridge applied ‘symbolic language...to the solution of some problems
in Political Economy’ (Tozer 1838:507).26 This included the treatment of
the choice of technique problem in algebraic terms, employing inequalities.
Whewell (1831) investigates the case where a given amount of
commodities can be produced either by direct labour alone, without the
assistance of machinery, i.e. what Ricardo called ‘unassisted labour’, or by
labour operating a machine that lasts for only a year and is itself the
product of a series of labour inputs. He demonstrates that ‘the machine can
be employed without loss’ if (in Whewell’s notation)

I+I'+"+&c.<L

(Whewell 1831:20), where the left-hand side of the inequality gives the
direct and indirect amount of labour needed to produce the given output by
means of the machine, while the right-hand side gives the amount of
unassisted labour required with the alternative method of production. Thus,
Whewell adds, ‘when machinery is employed, it has always cost less labour
than would obtain the same produce without machinery’ (ibid.). John
Edward Tozer, whose algebraic formulation is more sophisticated, follows
Whewell in using inequalities in the discussion of the choice of technique
problem. Summarizing his argument in terms of p and p,, i.e. the price of
produce before and after the introduction of machinery, he writes: ‘It may
be observed that p1 cannot be > p; if it were, more than the ordinary profit
would arise from employing labour, and the machine would be superseded’
(1838:512).

The classical approach to the problem of the choice of technique in terms
of extra profits and extra costs was also adopted by Karl Marx. His discussion
of the falling tendency of the rate of profits in volume 111 of Capital starts from
the premiss: ‘No capitalist ever voluntarily introduces a new method of
production, no matter how much more productive it may be, ...so long as it
reduces the rate of profit” (Marx 1959:264). Yet if no capitalist ever
‘voluntarily’ does so, how is it possible that the general rate of profits
declines? Marx’s answer reads as follows. While a capitalist who first
employs a new method of production that allows him to produce at lower costs
per unit of output will reap extra profits, competition will eventually lead to
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the general adoption of the new method and bring about a fall in prices. It is
this fall in prices which, according to Marx, is the proximate reason why the
general rate of profits is bound to fall in consequence of the gradual
replacement of an old method of production by a new one.

Marx’s analysis is of particular interest since it was the focus of a criticism
elaborated by Ladislaus von Bortkiewicz in the final part of his tripartite
treatise ‘Wertrechnung und Preisrechnung im Marxschen System’ (von
Bortkiewicz 1906-7), in which another formalization of the choice of
technique problem in terms of inequalities is provided. Since we are not aware
of any evidence showing that von Bortkiewicz was familiar with the writings
of Whewell or Tozer, we may credit him with the independent introduction of
a new tool in economic analysis. Compared with the discussions of his
precursors, von Bortkiewicz’s is economically more interesting.

Von Bortkiewicz accuses Marx of having committed the elementary
error of not taking into account that the price changes ‘affect the product in
the same measure as the capitalist’s advances’ (1906-7 111:458). He then
demonstrates in terms of some simple models of production that the
introduction and generalization of a new method of production can never
reduce the rate of profits, given the real wage rate, and will raise it if the
new method contributes directly or indirectly to a cheapening of wage
goods (cf. ibid.: 454-68).27 The comparison of two methods by means of
which a commodity can be produced is carried out on the premiss ‘that
prices (and thus also the price expression of the commodity bundle
constituting the real wage) are still the old ones’ (ibid.: 457). The criterion
adopted is whether a method incurs extra costs or yields extra profits: if it
incurs extra costs it will not be adopted; if it yields extra profits it will be
introduced and will gradually replace the old method.

Hence there is a striking parallel between the analyses of the choice of
technique problem of early authors working in the classical tradition and von
Neumann, which is also expressed formally in the use of inequalities.
Moreover, taking together the contributions of von Bortkiewicz and
Charasoff, we have, in nuce, a combination of some of the constituent
elements of the von Neumann model. What is missing are the assumptions of
(i) joint production, and (ii) the Rule of Free Goods, which however, as we
have seen, are not extraneous to the classical approach. Hence von
Neumann’s approach can be said to have been anticipated in all important
material aspects by authors whose contributions can be strictly located within
the classical tradition. It goes without saying that this characterization is not
meant to play down the importance of von Neumann’s contribution. After all,
it was he who provided a comprehensive and general formulation of what
other authors were able to put forward only partially and with respect to
special cases, and it was he who was able to prove the existence of a solution.

Next we turn to Robert Remak, a colleague of von Neumann’s while a
Privatdozent at the Berlin Institute of Mathematics. Interestingly, in
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contributions to the history of general equilibrium analysis, in which von
Neumann’s model generally features prominently, Robert Remak is hardly
paid any attention at all.28 This neglect is particularly harmful since a
potentially important link with the von Neumann model is lost.

REMAK ON ‘SUPERPOSED PRICE SYSTEMS’

Robert Remak was a student of Georg Frobenius and H.A.Schwarz. In 1929
he acquired the venia legendi in mathematics at the University of Berlin and
was a Privatdozent there until 1933.20 John von Neumann had become a
Privatdozent at the same university in 1927; he held the position until 1929
(see Ulam 1958).

According to the information gathered by Wittmann from some of
Remak’s former friends and colleagues, Remak was in all probability
stimulated by a group of economists around von Bortkiewicz to study the
problem of the conditions under which positive solutions of systems of
linear equations obtain (cf. Wittmann 1967:401). His 1929 paper was a
result of those studies (see Remak 1929). Unfortunately, of Remak’s paper
only the greater part of the third section dealing with the existence problem
of price equilibrium is available in English (cf. Baumol and Goldfeld
1968:271-7). Hence the motivation of his paper and its economic reasoning
are largely unknown in the English-speaking world. In what follows we
shall briefly summarize the main argument.3

Methodological issues

Remak begins his paper with a definition of what he means by an exact
science, which bears a close resemblance to Leontief’s ‘naturalistic’ point
of view (cf. Leontief 1928): an exact science regards as ‘exactly correct’
only what can be ascertained by physical observation, counting or
calculation (1929:703). He then applies this definition to ‘economics’,
which he tends to equate with Marshallian demand and supply analysis;3!
his concern is particularly with the demand side. He argues:

All existing approaches in theoretical economics always start from
these [demand] functions, which characterize the buyer’s behaviour at
different prices. However, since this behaviour can be neither
experimentally nor theoretically ascertained quantitatively, there is no
way to get from these theories to practical calculations. We will
therefore take into consideration approaches which result in
quantitative calculations that can also be carried out practically.
(ibid.: 711-12; similarly Leontief 1928:622)32

The alternative Remak suggests is what he calls ‘superposed price systems’
(superponierte Preissysteme): ‘A superposed price system has nothing to
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do with values. It only satisfies the condition that each price covers the
prices of the things required in production, and the consumption of the
producer on the assumption that it is both just and feasible’ (ibid.: 712).33
Its calculation obviously requires a detailed knowledge of the socio-
technical relations of production, i.e. the methods of production in use and
the needs and wants of producers (ibid.: 712-13).

For most of the paper, and particularly in its third part, which formalizes
the argument, Remak assumes (implicitly) a stationary economy. Yet he
makes it clear that this is but a first step towards an analysis of a dynamic
economic system, i.e. one evolving over time: while a stationary economy
can be represented by a single point in what Remak calls the ‘economic
phase space’ made up of a finite number of economic co-ordinates, a
developing economy involves ‘a moving point which in the phase space
describes a curve’ (ibid.: 717).

‘Superposed prices’

Remak then constructs ‘superposed prices’ for an economic system in
which there are as many single-product processes of production as there are
products, and each process or product is represented by a different
‘person’.2* It would not affect the logic of the argument if the term “person’
were to be replaced by the term ‘industry’ or ‘activity’ (see also Wittman
1967:404). The amounts of the different commodities acquired by a person
over ‘a certain period of time, e.g. a year’, in exchange for his own product,
are of course the amounts needed as means of production to produce this
product, given the technical conditions of production, and the amounts of
consumption goods in support of the person (and his family), given the
levels of sustenance. With an appropriate choice of units, the resulting
system of ‘superposed prices’ can be written (using matrix notation).

P=Ap (7

where A is the augmented matrix of inputs (means of production and
consumption) per unit of output, and p is the vector of exchange ratios.
Remak then discusses system (7) and arrives at the conclusion that there exists
a solution to it which is semi-positive and unique except for a scale factor.3s

Socialism vs. capitalism

Model (7) refers to a kind of ideal economy with independent producers, no
wage labour and hence no profits; it thus bears a close resemblance to
Marx’s concept of ‘simple commodity production’. However, it could also
be interpreted as reflecting a socialist economic system.2¢ Although Remak
does not refer to Marx or to any socialist author, it is clear that his paper is
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intended to contribute to the then politically heated debate on socialism vs.
capitalism. As Remak stresses in the introductory section of his paper:

The question of whether or not an exact economics is possible is not
of a purely theoretical interest, but is of fundamental practical
importance. The socialist doctrine maintains the possibility of
another, a better economic order which utilizes the given technical
possibilities much more effectively to the benefit of the population.
Diametrically opposed to this is the capitalist economic doctrine,
which claims that through the free play of forces, which includes
monopolies and other phenomena, the economic optimum will
already be realised, and that any other regulation of economic life, by
preventing this free play, would entail a smaller produce.... The main
task of an exact economics would consist in deciding between these
two views by means of exact instruments of calculation.

(1929:704; emphasis added)

In Remak’s view there are two problems to be solved here. The first
concerns the question whether an appropriate price system for a socialist
economy can be found. Without being able to demonstrate that a system of
‘“reasonable” prices’ actually exists, the socialist alternative would be
deprived of its rational basis: ‘These prices...represent a “necessary”
condition in the mathematical sense for an efficient economy exempt from
unemployment and crises to exist’ (1933:840). Remak takes pride in having
shown with his concept of ‘superposed prices’ that such a solution in fact
exists and how it can be determined. Towards the end of his article he also
expresses the conviction that the technical problem of numerically solving
large systems of linear equations can be expected to be overcome soon,
given the progress made in the development of electric calculating
machines (cf. ibid.: 735).

The second and much more difficult problem concerns the comparative
assessment of the economic efficiency of capitalism and socialism,
respectively. Remak does not pretend to be possessed of a definite answer
to this intricate question. He indicates, however, the direction in which an
answer should be sought. In his view the problem boils down to the
question of whether the modern capitalist economy is ‘extremal’, that is,
whether it fully uses its productive potential or forgoes production
possibilities. In view of unemployment and idle plant and equipment
Remak sees reason to conjecture that it fails on that account (ibid.: 706,
721-2). How can this failure be explained?

On the ‘non-extremality’ of capitalism

Although Remak’s discussion is occasionally rather cloudy, two closely
connected causes are singled out as responsible for the malfunctioning of
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the capitalist economy: first, the role money plays in the system, and
second, the distribution of income and thus purchasing power between
capital owners and workers. Scrutiny shows that Remak advocates some
kind of underconsumption-cum-miscalculation explanation of effective
demand failures. In one place he writes:

Today wages are reckoned as a part of the commaodity; the latter on its
way to completion is subject to several high percent mark ups, so that
the worker eventually buys only a fractional part of his own daily
work. It does not follow, however, that he gives the remaining part of
his work to capitalism, since it is clearly conceivable that a wrong
method of calculation gives rise to a lack of sales and thus prevents
the realisation of a technically feasible additional production.

(ibid.: 733-4)¥

Remak does not provide a formalization of his view of the determination of
prices in a capitalist economy. The price system he appears to have in mind
can, however, easily be constructed, following the hints he gives. There are
two kinds of mark-up: a general mark-up for the economy as a whole, i.e.
the rate of interest (ibid.: 713), and a mark-up specific to an industry (or a
firm). On the same technological premisses as those underlying the
construction of system (7) (single production, no choice of technique, etc.)
the system of prices would now be given by

P=(1+M)[(1+1)Cp], (8)

where | is the identity matrix, M is the diagonal matrix of the sectoral
mark-ups m, = 0, i=1, 2,..., n, r is the rate of interest, p, is the vector of
‘capitalist’ prices and C is the matrix of material inputs, N, plus wage
goods per unit of output, i.e.

C=N+lwT 9)

| being the vector of labour inputs and w™=(w,, w,,..., w.) the real wage
bundle per unit of labour.3® System (8) is sketched only verbally by Remak;
no discussion of its mathematical properties is provided.

As we have seen, in Remak’s opinion there are reasons to suppose that
the problem of underutilization of productive resources in modern
capitalism is closely related to the general levels and the structure of the
m,’s and the level of r. The question is close at hand whether a transition
from price system (8) to the system of ‘reasonable’ prices (7) would
remedy the idleness of labour and capital. Remak’s answer is cautiously in
the affir-mative. The investigation of system (7) is taken to serve the
purpose of finding out whether “an economy which is perceived to be both
just and efficient (zweckméRig) can be brought about by appropriate
directions regulating the formation of prices of all commodites’ (ibid.:
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724). In his second article, which was written under the impact of the Great
Depres-sion, Remak concludes that it can be surmised ‘that the system of
“reasonable” prices would allow merchants to apply only much lower
mark-ups than the usual ones, which would lead in effect to putting a severe
curb on profits’ (1933:841).

VON NEUMANN AND REMAK

Wittmann (1967:407-8) points out that Remak gave his paper at a meeting
of the Berlin Mathematical Society and that his ideas were discussed at the
Institute of Mathematics in Berlin. He also conjectures that von Neumann
was familiar with Remak’s ideas. According to Wittmann’s sources most of
Remak’s colleagues ‘derided’ the conclusions of his paper.

It is possible that von Neumann was among those colleagues who took a
critical position towards Remak’s contribution. We may even consider the
possibility that von Neumann’s paper contains, inter alia, an implicit
answer to his colleague. Since we do not know of any statement to that
effect by von Neumann himself, the only evidence on which such an
interpretation could possibly rest has to derive from a careful textual
comparison of the papers of the two authors. Such a comparison leads in
fact to some remarkable observations.

Both authors are concerned with the efficiency, or lack thereof, of what
von Neumann calls ‘the normal price mechanism’ of a capitalist economy
(von Neumann 1945:1). While Remak contended that the way prices are
formed in a capitalist economy is partly responsible for the fact that the
system is statically (and dynamically) non-‘extremal’, i.e. inefficient, a
main result of von Neumann’s paper reads: ‘the normal price mechanism
brings about...the technically most efficient intensities of production’
(1945:1).% The other factor mentioned by Remak as potentially detrimental
to efficiency, money, is also touched upon by von Neumann. The passage
just quoted is followed by the adjunct: “This seems not unreasonable since
we have eliminated monetary complications’ (ibid.: 1).

In Remak’s paper scarce natural resources, such as land, play no
significant role. He rather focuses attention on systems of production that are
in a self-replacing state and in which there are at most three types of income:
wages, interest and profits. By implication, none of the natural resources
utilized is scarce and therefore yields its owner a rent. In accordance with the
capitalism vs. socialism debate Remak is interested in, emphasis is on the
conflict between workers and capital owners over the distribution of the
product. Interestingly, the total neglect of the problem of scarcity is also a
characteristic feature of von Neumann’s model. If his concern had been with
generalizing the “Walras-Cassel model’, as is maintained by the conventional
interpretation, this neglect would be totally incomprehensible, whereas it can
easily be understood if one of his implicit aims was refuting Remak’s view.
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Just like Remak, von Neumann adopts a circular notion of production and
considers the means of subsistence an integral part of the advances at the
beginning of the uniform period of production. However, in every respect von
Neumann’s model is more general than Remak’s. Repeatedly one gets the
impression that where Remak drops an idea or poses a question that is beyond
the scope of his own model, von Neumann offers a conceptualization and
provides an answer. While Remak emphasizes that what is at stake is the
question of the dynamic (in)efficiency of an economy, but then restricts his
discussion essentially to the case of a stationary system, von Neumann adopts
a dynamic framework of analysis, albeit limited to the case of steady-state
growth. While Remak is aware of the fact that an important aspect of the
efficiency issue is how the problem of the choice of technique is decided, von
Neumann tackles the problem head-on. While Remak notes incidentally that
production and consumption activities may generate ‘waste’ which has to be
disposed of,“ von Neumann starts directly from the assumption of general
joint production coupled with the assumption of free disposal of all
superfluous products. While Remak discusses mark-up pricing without,
however, addressing the problem of the mutual consistency of the mark-ups,
including the rate of interest, the given real wage rate(s) and the given
technical conditions of production, von Neumann demonstrates that the rate
of interest, i.e. the general mark-up across all processes of production, is
uniquely determined by the technical alternatives, given the real wage rate(s).

Circumstantial evidence and a detailed textual comparison seem to
support the conjecture that von Neumann’s model contained, among other
things, an answer to his mathematical colleague. Compared with the
widespread opinion that von Neumann’s model was meant to provide a
solution to a problem posed by Cassel, that of uniform growth, and not
dealt with by the Viennese mathematical economists, this interpretation
appears to us to be more plausible. Indeed, in our view there are too many
elements in the analyses of von Neumann and the Viennese that are difficult
to reconcile (see, in particular, pp. 31-3 above), while we are not aware of
any aspect contradicting our interpretation. It goes without saying that we
cannot prove that we are right: se non é vero, € ben trovato.

CONCLUSION

This chapter has shown that the conventional interpretation of von
Neumann’s growth model is difficult to sustain. Most important, in von
Neumann there is no endowment of the economy with a given (physical or
value) ‘quantity of capital’ that constrains productive capacity and provides
the basis, in terms of its relative ‘scarcity’, for a determination of the rate of
interest. It is a characteristic feature of the von Neumann model that the
distributive variables, the wage rate and the rate of interest, are not
determined in the conventional symmetrical way in terms of the demand for
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and supply of the respective factors of production, labour and ‘capital’.
Moreover, whereas in the growth model of Cassel the (long-term) rate of
growth of the system is given from outside by a ‘natural’ rate of growth,
assuming the full employment of all primary factors, in von Neumann the
rate of growth is endogenously determined and full employment of labour
(or natural resources) is not assumed.

While the structure of the von Neumann model is difficult to reconcile with
the neoclassical point of view, it is fully compatible with the classical one.
This concerns in particular the asymmetrical treatment of the wage rate, the
independent variable, and the rate of interest, the dependent one. It is shown
that von Neumann’s approach has been anticipated in all relevant aspects by
authors whose contributions can be strictly located within the classical
tradition. These aspects concern: (i) the concept of production as a circular
flow; (ii) the notion of a uniformly expanding economy in which the rate of
expansion is endogenously determined, i.e. a ‘quasi-stationary system’; (iii)
the concept of duality of the relationship between relative quantities and the
rate of growth on the one hand and that between relative prices and the rate of
interest (rate of profits) on the other; (iv) the use of inequalities in the
discussion of the problem of the choice of technique; and (v) the way the Rule
of Free Goods is applied to primary factors of production and to products,
respectively. The authors referred to include, among others, Smith, Ricardo,
Torrens, Whewell, von Bortkiewicz and Charasoff.

Next it is argued that von Neumann’s model may be interpreted as
containing, inter alia, an answer to the ideas laid out in a paper by his
fellow mathematician Robert Remak. Both circumstantial evidence and,
more important, a careful textual comparison of Remak’s paper on
‘superposed price systems’ and von Neumann’s analysis support this
interpretation. In contradistinction to Cassel and the Viennese economists
Schlesinger and Wald, and in accordance with Remak, von Neumann set
aside scarce natural resources and adopted a circular flow concept of
production which differs from the neoclassical concept of a one-way
avenue that leads from primary factors of production to consumption
goods. It is argued that von Neumann was particularly concerned with
refuting Remak’s opinion that the ‘normal price mechanism’ in a capitalist
economy is inefficient. It is concluded that there are too many elements in
the analyses of von Neumann and the Viennese economists that are difficult
to reconcile, while there appears to be none contradicting the interpretation
put forward in this chapter.

NOTES

1 Cassel’s book was published in English as The Theory of Social Economy in 1923; a
revised translation of the fifth German edition was published in 1932 (see Cassel
1932).
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2 It would of course be quite inappropriate, indeed pointless, to compare the von
Neumann model, which is long-period, with any short-period neoclassical model. In
the latter the endowment of the economy with “capital’ is specified in terms of an
arbitrarily given vector of heterogeneous capital goods. Therefore, in these models,
flukes apart, an equilibrium is characterized by differential rates of return on the
supply prices of the various capital goods.

3 In reading about Menger’s colloquium one occasionally gets the impression that it
was concerned with little else than the above problem. However, in the period of its
existence, 1932-7, only two people other than von Neumann, the banker and
economist Karl Schlesinger and the mathematician Abraham Wald, read altogether
four papers on economic problems at the seminar, three of which were also published
in the Ergebnisse (see Schlesinger 1935; Wald 1935, 1936). Another paper by Wald
could not be published, first ‘owing to lack of space’ (Ergebnisse 8:84) and then
because of the colloquium’s untimely termination due to the pending Anschlul of
Austria to Hitler’s Germany in 1938. Wald, who fled Europe with the arrival of the
Nazis, seems to have lost the paper on his way to the United States; on the history of
Wald’s paper see Chipman (1965:720 n. 18). In what follows we refer to Schlesinger
and Wald as the “Viennese economists’.

4 As Karl Menger recalled, ‘Wald’s paper on the equations concerning production
greatly interested von Neumann, as he told me when passing through Vienna soon
after its publication. It reminded him of equations he had formulated and solved in
1932 and now offered to present in our Colloquium” (Menger 1973:55). See also
Hicks (1960:676 n. 1) and the story told by Jacob Marschak to Axel Leijonhufvud and
Earlene Graver, as reported by Weintraub (1985:74 n.) and Arrow (1989:25).
Although there is some uncertainty as to the year in which the event at the Kaiser
Wilhelm Institut in Berlin took place, Marschak’s story provides further evidence that
von Neumann had developed his ideas several years before he gave his talk at
Menger’s colloquium. Weintraub comments on this: ‘This story...suggests that the
genesis of von Neumann’s Ergebnisse paper was quite specific and roughly
contemporary with von Neumann’s [1928] paper on game theory. The min-max idea,
the duality ideas, and the strategy of proof to be used later for the fixed-point theorem
are found in each paper. The papers appear, then, to be naturally related not only by
content, but also by place of origin’ (ibid.). With regard to the last observation it
would appear to be natural to pay special attention to the Berlin scientific community
around the time when von Neumann was there as a lecturer and researcher. However,
von Neumann’s ‘Berlin connection’ is not dealt with by Weintraub. In his book
neither von Neumann’s fellow mathematician Robert Remak nor Ladislaus von
Bortkiewicz, Berlin’s eminent Professor of Statistics and Political Economy, are
mentioned. On the possible implications of this omission see below.

5 Although it is not clearly stated, this seems to be the implication of the following
passage in Arrow (1989:23): ‘Von Neumann makes no reference to the papers of
Schlesinger and Wald, though he is publishing in the same journal two years later. He
does state that the paper had been delivered to the Princeton Mathematical Club in
1932, so that it may be taken to be independent of Wald and Schlesinger.” Then
follows the remarkable adjunct: “Wald must have been very self-effacing; he was one
of the editors of the volume of the Ergebnisse in which von Neumann’s paper
appeared.’

6 Brody (1989:141) has put forward the interesting conjecture that the new tools
employed by von Neumann, i.e. the use of inequalities rather than equations and the
adoption of max-min criteria for the existence of equilibrium, may have come to his
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attention while studying chemistry in Berlin under W.Ostwald. Ostwald had
translated J.W.Gibb’s On the Equilibrium of Heterogeneous Substances (1875-8),
who had used these tools to describe chemical processes. This interpretation may
throw light on the parallel drawn by von Neumann between the function ¢ (X, Y) in
his analysis and that of ‘thermodynamic potentials in phenomenological
thermodynamics’ (von Neumann 1945:1).

7 It is interesting to note that in the title of Champernowne’s paper (see Champernowne
1945) the title of the English version of von Neumann’s paper is referred to
incompletely: the adjective ‘general’ is left out.

8 It is true, though, that both in von Neumann and in those long-period versions of
neoclassical theory that start from a given endowment of the economy with value
capital, the proportions in which the different capital goods are needed are fully
adjusted to the data, or independent variables, of the respective approaches. Hence
these proportions are taken to be a part of the solution of the system rather than a
given (as in neoclassical short-period analysis). However, in contradistinction to
neoclassical long-period models, in von Neumann the aggregate value or ‘quantity’ of
the capital stock is not among the data of the problem.

9 This is one of the reasons why Koopmans considered von Neumann’s paper ‘not very
good economics’ (Koopmans 1974). The assumption of a given initial endowment of
the economy with capital goods was only subsequently appended to von Neumann’s
growth model, e.g. in Dorfman et al. (1958). This, together with the assumption of a
given terminal endowment with capital goods, has led to the development of ‘turnpike
theorems’. Another reason for this harsh judgement was the treatment of the
consumption of workers, which, in Champernowne’s interpretation, reduced ‘the role
of the worker-consumer to that of a farm animal’ (Champernowne 1945:12).

10 Since ‘capital’ is set aside in the formulations of the Viennese economists, it is not
surprising that the concept of the rate of interest (or rate of profits) makes no
appearance.

11 In another place Arrow writes, “Why von Neumann discarded the whole apparatus of
demand functions, we cannot know’ (1989:25). See, however, Kaldor’s recollection
quoted in this chapter (p. 29).

12 1t should be noted, though, that the Viennese economists, following Cassel’s basic
model, assumed that there is only one fixed-coefficients method of production for
each commodity, i.e. there is no choice of technique.

13 For a brief account of the classical concept of production see Kurz and Salvadori
(1995: chapter 1).

14 On Torrens’s contribution see also Schefold (1981: section 4) and de Vivo (1985,
1986).

15 Torrens acknowledges his indebtedness to Ricardo’s “original and profound inquiry
into the laws by which the rate of profits is determined’ (ibid.: xix).

16 Torrens also indicates that if the entire “surplus’ or ‘profit” were to be accumulated,
the rate of expansion of the economy would be equal to the rate of profits. Hence
Torrens may be said to have anticipated, in embryonic form, what Champernowne
(1945:10) in his interpretation of the von Neumann model called a ‘quasi-stationary
state’.

17 Dmitriev published his essay on Ricardo in Russian in 1898. This essay together with
two others, one on Cournot’s theory of competition, the other on marginal utility
theory, was reprinted in 1904. A French translation of the three essays was edited by
A.Zauberman in 1968 (see Dmitriev 1968), an English translation by D.M.Nuti in
1974 (see Dmitriev 1974). (According to Nuti (cf. Dmitriev 1974:30), the only copy
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of Dmitriev’s 1904 book available in the West was in the possession of Piero Sraffa.)
Both von Bortkiewicz and Charasoff published in German. Charasoff, who was born
in Tiflis in 1877, obtained a doctorate in mathematics in 1901 at the University of
Heidelberg.

18 Charasoff’s contributions have only recently been rediscovered by Egidi and Gilibert
(1984); see also Duffner and Huth (1988). For a summary statement of his main
argument see Kurz (1989:44-6).

19 The family resemblance with Sraffa’s notion of the ‘Standard system’ in which the
rate of profits ‘appears as a ratio between quantities of commodities irrespective of
their prices’ (Sraffa 1960:22) is close at hand.

20 As is well known, the concept of production as a circular flow figures prominently
also in Leontief s 1928 Ph.D. thesis, written under the supervision of von Bortkiewicz
at the University of Berlin (see Leontief 1928), and in his subsequent formulation of
input-output analysis. Owing to lack of space we cannot enter into a proper discussion
of his works; see, however, the brief remarks on Leontief on p. 41.

21 Prior to the Viennese economists the Danish economist F.Zeuthen (1933) had argued
that Cassel’s resource constraints ought to be written as inequalities. In a review
article published in Swedish only one year after Cassel’s Theoretische
Sozialokonomie Knut Wicksell had already pointed out that the Cassellian system
may possess no solution or may have solutions where some factor prices are zero
because there is an excess supply of the respective factors (cf. Wicksell 1934:
appendix 1, p. 228). (This reference may help to answer a query by Baumol and
Goldfeld 1968:268 n.)

22 Assuming that natural resources are non-scarce is, of course, not the same thing as
assuming that there are no natural resources at all. Von Neumann’s model is
frequently misinterpreted in the latter sense. In this context it deserves to be noted that
von Neumann does not define goods in the same way as Debreu (1959:32): he does
not consider a particular plot of land in a particular location as a special good.
However, with the system growing for ever, the point will surely come where some
natural resource(s) will become scarce. Surprisingly, von Neumann does not seem to
have seen this point. As Professor Samuelson has pointed out to us in private
correspondence, ‘More by inadvertence than conscious intention, v.N. failed to
emphasize the basic classical notion of land resources as unproducible or
diminishable.” The total neglect of the problem of scarce primary resources such as
land distinguishes his analysis in fact from the analyses of both the classical and the
neoclassical economists. For a possible explanation of this neglect see p. 45 below.

23 ‘At most, one could say that a “Rule of Zero ‘Excess’ Wages” is applied because
labour is less than fully employed’ (Steedman 1987:419). The interpretation given by
Dore of von Neumann’s use (or rather non-use) of the Rule of Free Goods is difficult
to sustain: according to Dore (1989:83), in the von Neumann model ‘Cassel’s
“principle of scarcity”...is given an extreme binary interpretation whereby a resource
has either a positive economic value if it is fully utilized, or its value is zero.... Unless
every single man and woman is fully employed, the social value of labour is zero; this
is indeed extreme. Why did von Neumann resort to this formulation?’ The answer to
this question is: he did not.

24 Thus Varri’s contention (1982:10-11) that the Rule of Free Goods is ‘completely
extraneous’ to the theory of value of ‘classical derivation’ does not stand up to
examination—unless, of course, Adam Smith is declared non-classical.

25 Therefore, it is seriously misleading to characterize the classical approach as one
which is exclusively concerned with ‘a fixed economic universe’ and thus ‘cannot
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account for the generation of an equilibrium because it refers to an empirically unique
observed economy’ (Punzo 1991:15).

26 On Whewell and the group of mathematical economists see Campanelli (1982) and
Henderson (1985).

27 This finding anticipates the essence of the Okishio theorem (see Okishio 1963).

28 For example, there is no reference to Remak’s contribution in Weintraub (1985),
Punzo (1989, 1991) or Dore et al. (1989). See, however, Gilibert (1991:396), who
deserves the credit for having drawn attention to the importance of Remak’s paper in
his attempt to reconstruct the history of mathematical economics at the beginning of
this century.

29 Remak died in the concentration camp at Auschwitz.

30 It is interesting to note that the papers by Remak (1929) and Leontief (1928) have
several elements in common. These include: (i) the general methodological position
adopted; (ii) the concept of price put forward; and (iii) the description of the
economic process in terms of what Sraffa (1960:3) was to call ‘the methods of
production and productive consumption’.

31 Marshall’s Principles of Economics is the only book referred to in the entire paper
(cf. ibid.: 709 n.). Therefore the foundation of the view conveyed by Baumol and
Goldfeld (1968:267) that Remak aimed at pointing out ‘a serious gap in Walras’s
argument’ is unclear.

32 See also Kaldor’s recollection (cf. p. 29 above) of the reservations expressed by von
Neumann with regard to the marginalist theory of demand.

33 In an addendum to his paper published in 1933, Remak stresses: ‘A price does not
emerge from supply and demand, it is rather a number which has to satisfy certain
conditions. The price of a commodity must cover the prices of the expenses contained
in it, including the cost of living, which may be taken to be known, of the people
participating in its production. This leads to the superposed price systems’
(1933:840). Remak also talks of ‘“reasonable” prices’ (‘verniunftige’ Preise).
See also Leontief (1928:598), who stresses that the concept of value adopted by him
has nothing to do with any intrinsic property of goods as judged by the
consumer; it rather refers to the ‘exchange relation’ deduced from the ‘relations of
production’.

34 The somewhat unfortunate phrasing of the problem by Remak may have been the
source of the misconception that his concern was with a pure exchange economy; for
this interpretation see Gale (1960:290) and Newman (1962:60).

35 It should be mentioned that Remak does not make use of the mathematical tools
provided by Perron and his own former teacher Frobenius.

36 The view that system (7) is open to alternative interpretations is especially
emphasized by Remak in his second paper (1933:840).

37 While most of Remak’s argument refers to an economy with a given productive
capacity, he touches also upon the dynamic features of a capitalist economy. In his
view there is the danger that the innovative potential of such an economy will not be
fully exploited: ‘Today’s economy allows increases in value in consequence of
technological change in favour of capital only. These increases can, however, be
utilized only partially, since the producer will not find the buyers of all the goods he
could produce if it were not for the limited sales possibilities’ (1929:708; see also p.
722). As seen by Remak, the modern capitalist economy is neither statically nor
dynamically efficient, or ‘extremal’.

38 In the case in which there is a single uniform mark-up, m, throughout the economy,
equation (8) would simplify to
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pc=(1+R)Cp; (10)

where (1+R)=(1+m)(1+r) and is the corresponding price vector.

39 In the German original von Neumann uses the expression ‘die rein technisch
zweckmafigste Verteilung der Produktionsintensitaten’. He thus uses the same
terminology as Remak. More important, the conception of efficiency adopted by the
two authors appears to be the same. Interestingly, Champernowne in his commentary
on the von Neumann model remarks on the above passage, ‘This may immediately
suggest an argument in favour of free enterprise in the real world” (Champernowne
1945:16).

40 Remak even mentions the possibility of ‘negative prices’ in this context (1929:726)
and points out that the negativity of the price of a substance that has to be removed
corresponds with the positivity of the price of the respective disposal service.
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ADAM SMITH ON FOREIGN
TRADE

A note on the “vent for surplus’ argument

Heinz D.Kurz

Adam Smith is generally considered an important, perhaps even the most
important, advocate of free trade. At the same time, he is commonly given
little credit as a trade theorist. Viner (1937:108-9) suggests that all
significant aspects of Smith’s free-trade doctrine are already to be found in
the earlier English literature. Robbins (1971:191) argues that Smith’s
contribution lacks analytical rigour. Hollander (1973: chapter 9) views
Smith’s treatment of the issue as unclear, contradictory and in parts
incompatible with the rest of his analysis. The main criticism put forward
against him is that he failed to elaborate the principle of comparative costs
and based his explanation of the benefits from trade on absolute cost
differences only.

A rather different picture of Smith’s contribution is painted by authors
such as Bloomfield (1975), Myint (1958, 1977) and Negishi (1985: chapter
2). In their view, Smith’s great merit is to be seen in the fact that his
investigation is not restricted to static gains from trade arising from the
reallocation of given resources, but is also concerned with the gains from
trade in terms of economic development, i.e. the benefits derived from the
international division of labour arising from increasing returns, induced
innovations, the transfer of technology, etc. Reference is to what Myint
(1977) called Smith’s ““productivity” doctrine’.

It was also Myint who reappraised yet another element of Smith’s theory
of international trade which has generally met with fierce criticism: his
‘vent for surplus’ argument. Myint arrived at the cautious conclusion that
‘Smith’s “vent-for-surplus” theory does not seem to conflict in any simple
or obvious way with the allocative-efficiency interpretation of his trade
theory’ (1977:245).

This chapter is concerned exclusively with one aspect of Smith’s “vent
for surplus’” argument which seems to have escaped both friend and foe. To
the extent that his analysis involves the aspect under consideration, it can
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be shown to be both clear and consistent and immune to the objections
raised against it. This aspect concerns the fact that in much of his respective
reasoning Smith refers to joint production rather than to single production,
as is implicitly assumed in all contributions dealing with his trade theory.

The structure of this chapter is as follows. The next section will briefly
summarize Smith’s ‘vent for surplus’ argument and the criticism put
forward against it. In the following section it will be shown that Smith was
well aware of the case of joint production and clearly saw that with joint
production the proportions in which the products are produced need not
coincide with those in which they are wanted domestically. Hence there
will be an excess supply of some of the joint products. The subsequent
section (pp. 60-2) argues that Smith’s ‘vent for surplus’ argument can be
given a clear and unambiguous interpretation in the case under
consideration: in the absence of foreign trade the overproduced amounts of
certain joint products would be discarded, while with foreign trade there is
the possibility of exchanging them for commodities produced abroad for
which there is a demand at home. The final section contains some
concluding remarks.

SMITH’S ‘“VENT FOR SURPLUS” ARGUMENT

The “vent for surplus’ argument recurs in various places in The Wealth of
Nations (henceforth WN). In chapter V of Book Il, ‘Of the different
employment of capitals’, Smith writes:

When the produce of any particular branch of industry exceeds what
the demand of the country requires, the surplus must be sent abroad,
and exchanged for something for which there is a demand at home.
Without such exportation, a part of the productive labour of the
country must cease, and the value of its annual produce diminish. The
land and labour of Great Britain produce generally more corn,
woollens, and hard ware, than the demand of the home market
requires. The surplus part of them, therefore, must be sent abroad, and
exchanged for something for which there is a demand at home. It is
only by means of such exportation, that this surplus can acquire a
value sufficient to compensate the labour and expense of producing it

(WN 11.v.33)

and in the first chapter of Book 1V, ‘Of the principle of the commercial, or
mercantile system’, Smith argues:

The importation of gold and silver is not the principal, much less the
sole benefit which a nation derives from its foreign trade. Between
whatever places foreign trade is carried on, they all of them derive
two distinct benefits from it. It carries out that surplus part of the
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produce of their land and labour for which there is no demand among
them, and brings back in return for it something else for which there is
a demand. It gives a value to their superfluities, by exchanging them
for something else, which may satisfy a part of their wants, and
increase their enjoyments. By means of it, the narrowness of the home
market does not hinder the division of labour in any particular branch
of art or manufacture from being carried to the highest perfection. By
opening a more extensive market for whatever part of the produce of
their labour may exceed the home consumption, it encourages them to
improve its productive powers, and to augment its annual produce to
the utmost, and thereby to increase the real revenue and wealth of the
society.

(WN 1V.i.31; emphasis added)*

While the ‘productivity’ argument in the second part of the above passage
met with approval, the ‘vent for surplus’ argument in the first part was
generally rejected. Ricardo, in chapter XXI of the Principles, ‘Effects of
accumulation on profits and interest’, comments on the latter as follows. He
first gives Smith the credit for anticipating Say’s law in all important
respects: ‘No writer has more satisfactorily and ably shown than Dr Smith,
the tendency of capital to move from employments in which the goods
produced do not repay by their price the whole expenses, including the
ordinary profits, of producing and bringing them to market’ (Ricardo [1817]
1951 1:291 n.). Hence any glut of particular commodities will be only
temporary: it will be overcome by an appropriate reallocation of capital and
labour. Ricardo concludes that Smith’s ‘vent for surplus’ doctrine ‘is at
variance with all his general doctrines on this subject’ (p. 295).

Essentially the same objection recurs in the subsequent literature.
Smith’s respective view is generally regarded as a somewhat puzzling
remnant of the mercantile doctrine which, as is well known, he was keen to
refute. Because the ‘vent for surplus’ argument seemingly does not fit in
with the rest of his doctrine, various attempts were made to play down its
importance. According to Hollander (1973:276), Smith does not appear to
have been clear about the subject and ‘mere lip service’ was paid by him to
the ‘vent for surplus’ doctrine. In Bloomfield’s opinion ‘there still remains
something of a mystery as to the exact meaning of Smith’s “surplus-
produce” argument...It is probable that more may have been read into this
argument than Smith in fact intended’ (1975:472).

While it cannot be claimed that the following argument is capable of
fully clearing up the ‘mystery’ Bloomfield spoke of, it does provide some
hints as to the circumstances under which Smith’s argument is both
perfectly reasonable and exempt from the criticism that it represents a left-
over of the (infamous) mercantile doctrine. In order to see this, we have to
take a closer look at Smith’s analysis of production.
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JOINT PRODUCTION AND THE RULE OF ‘FREFE’
GOODS IN SMITH?

In most of the literature on Smith’s approach to the theory of production
and distribution of the wealth of a nation, it is implicitly assumed that his
reasoning is in terms of single-product processes of production. This is
understandable, given the fact that many of his examples in Book | refer to
cases that are seemingly characterized by the absence of joint production.
Thus, in chapter VI of Book I, ‘Of the component parts of the price of
commodities’, Smith appears to hold, at least for one page of his book, a
pure labour cost theory of value:

In that early and rude state of society which precedes both the
accumulation of stock and the appropriation of land, the proportion
between the quantities of labour necessary for acquiring different
objects seems to be the only circumstance which can afford any rule
for exchanging them for one another.

(WN l.vi.1; emphasis added)

This passage is immediately followed by the famous deer and beaver
example, which describes the specific rule of barter for this hypothetical
economy. Smith’s argument has generally been interpreted as being
concerned with the exchange relationships in a system in which each
process of production produces a single commodity only (see, e.g.,
Hollander 1973: chapter 4; Samuelson 1977). This interpretation is
obvious, since nowhere in this chapter does Smith mention joint
production. The careful reader will have noticed, however, that in the
passage quoted Smith does not speak of ‘commodities’, as in the chapter
title, but rather refers to ‘objects’. Although it cannot be excluded that this
choice of words is purely accidental, it is possible to try an interpretation
that suggests that it is not, i.e. that Smith, the Scottish teacher of rhetoric,
used the term ‘object’ on purpose.

For Smith, beavers and deer may be desired to satisfy several needs. In a
society of hunters (and in most other societies as well) animals are the
‘source’ of a multitude of use values: they provide different kinds of meat,
furs, hides, bones, tendons, etc., some or all of which can be used either
directly or indirectly to satisfy various wants. Each ‘object’ thus represents
a compositum mixtum of different use values or ‘goods’ (and in addition
possibly some ‘bads’), which accrue as joint products in the separation
process.

Adam Smith was well aware of this. Yet he presupposes a patient reader
with a good memory, for it is not until chapter XI of Book I, ‘Of the rent of
land’, that the issue is taken up again:

The skins of the larger animals were the original materials of clothing.
Among nations of hunters and shepherds, therefore, whose food
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consists chiefly in the flesh of those animals, every man, by providing
himself with food, provides himself with the materials of more
clothing than he can wear. If there was no foreign commerce, the
greater part of them would be thrown away as things of no value. This
was probably the case among the hunting nations of North America
before their country was discovered by the Europeans, with whom
they now exchange their surplus peltry for blankets, fire-arms, and
brandy, which gives it some value.

(WN 1.xi.c.4; emphasis added)

This passage is interesting for several reasons. First, it attests to Smith’s
clear perception of the existence of joint-product processes of production.
Second, it shows his awareness of the possibility that with joint production
the proportions in which the products are produced need not coincide with
those in which they are wanted. Third, in it we encounter, possibly for the
first time in the history of economic thought, the rule of ‘free’ goods, which
implies that a good that is in excess supply obtains a zero price. Finally, it
holds the key to an understanding of at least one aspect of Smith’s “vent for
surplus’ doctrine. In fact, trade may prove beneficial to a country because it
allows the counry to dispose of a part of its joint output, which would
otherwise have been ‘thrown away’ as superfluous, in exchange for useful
things produced abroad.

In the section ‘Third sort’ of chapter XI of Book I, Smith stresses that
whether or not some of the joint products will be in excess supply depends
on ‘the extent of their respective markets’, which in turn depends on the
level of ‘improvement’ attained by society (cf. WN 1.xi.m.1-6). To give an
example, whereas in Smith’s time, i.e. prior to the introduction of freezing
and canning/bottling techniques, the market for meat was almost
everywhere confined to the producing country, the markets for the joint
products wool and raw hides were much larger. For, Smith notes, these
products ‘can easily be transported to distant countries, wool without any
preparation, and raw hides with very little: and as they are the materials of
many manufactures, other countries may occasion a demand for them,
though that of the industry of the country which produces them might not
occasion any’ (WN |.xi.m.5; emphasis added). Therefore, in the ‘rude
beginnings’ there will be a tendency to an excess supply of meat arising
from an insufficient domestic demand and no foreign demand at all,
combined with a relatively large foreign demand and a small domestic
demand for the joint products wool and hides. In the course of a country’s
development, however, the domestic demand for meat will rise in
consequence of the growth in population and, other things being equal, thus
will gradually reduce the superabundance of meat. In fact it cannot be
excluded that at some stage the role of a “free good’ is passed on from meat
to one (or several) of its joint products.?
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The discussion of joint production in The Wealth of Nations is clearly
dominated by animal-rearing, yet it is not confined to it. Smith discusses
numerous examples of multiple-product processes of production, mostly
from agriculture, fishing and mining but some even from manufacturing.
The impression remains that in his view cases of joint production, far from
being exceptional, are rather common, and deserve to be studied carefully;
the primary sector of the economy appears in fact to be characterized by
universal joint production.# He illustrates his investigation by means of
historical material from Spain, Latin and North America, England, Ireland
and Scotland. He reports some long-run trends of relative prices of various
joint products and tries to assess the impact of tariffs, exports and import
restrictions and other regulations concerning a particular product on the
prices and quantities traded of its joint products (cf. WN I.xi.m.2-14).5

SMITH AND AFTER

Smith’s discussion of joint production seems to have left little impression
on his contemporaries and successors.® This is also reflected in the fact that,
in textbooks on the history of economic thought, John Stuart Mill is
generally given the credit for having pioneered the study of joint
production and joint costs in chapter XVI of Book Il of his Principles, ‘Of
some peculiar cases of value’.” Interestingly, Mill, in the very next chapter,
‘Of international trade’, launches an attack on Smith’s ‘vent for surplus’
doctrine, which he calls ‘a surviving relic of the Mercantile Theory’ (Mill,
Principles 111.xvii.s.4.2). It should be noticed, however, that in neither
chapter is Smith’s contribution to an analysis of joint production or the
importance attached to this case by him, not least with respect to his ‘vent
for surplus’ argument, mentioned. Hence Mill and the subsequent authors
who followed him appear to have missed a crucial element in Smith’s
analysis. Given the lukewarm reception of the latter, it comes as no surprise
that the ‘vent for surplus’ argument met with serious difficulties of
interpretation and even misunderstandings.

Myint, who more recently made an important effort to vindicate Smith’s
argument, came perhaps closest to the answer given in the present chapter.
He correctly pointed out that what Smith has to say on foreign trade is not
confined to the chapters on the mercantile system and the colonies in Book
IV, but is scattered throughout The Wealth of Nations. He added, ‘For
instance, important elements of Smith’s foreign trade theory may be found
in the chapter on rent” (1977:233-4). However, when Myint later in his
paper scrutinizes the chapter (cf. pp. 243-5), it is in one place only, and
rather incidentally, that he mentions a (relatively insignificant) case of joint
products: the feeding of pigs and poultry ‘on kitchen scraps or “the offals of
the barn and stables”” (p. 244). This case is taken to substantiate Smith’s
opinion that there exists a substantial surplus productive capacity in

62



ADAM SMITH ON FOREIGN TRADE

agriculture, for, if the waste mentioned were to be used more effectively
and ‘unimproved wilds’ were to be employed to raise cattle and sheep, then
the domestic production of meat could be increased without taking land
away from corn-growing. The much more direct and obvious cases dealt
with by Smith in the relevant chapter, in which after the opening of trade
the overproduced amounts of certain joint products are channelled into
exports, are apparently overlooked by Myint.

‘If there was no foreign commerce,” we heard in the chapter on rent, ‘the
greater part of them would be thrown away as things of no value’ (WN
I.xi.c.4). ‘It gives value to their superfluities” (WN 1V.i.31); this is echoed in
the chapter on the mercantile system.

CONCLUSION

With few exceptions, Smith’s ‘vent for surplus’ argument has been rejected
as inconclusive and contradicting the rest of his doctrine, in particular his
version of what was later to become known as ‘Say’s law of markets’.
However, both advocates and critics of his argument seem to have
overlooked the fact that much of Smith’s respective argument explicitly
refers to the case of joint production: with the relatively fixed proportions
in which different products are produced, it cannot be presumed that these
proportions match those in which the products are domestically required
for use. Hence without foreign trade some of the joint products tend to be
overproduced; superfluous amounts of these products are assumed by
Smith to be disposed of freely. With the opening of trade, at least some of
the products that are available in excess supply may be exchanged for
goods produced abroad for which there is a domestic demand. Foreign
trade is thus directly beneficial to a nation, since it gives value to some of
its products which would otherwise be subject to the rule of ‘free’ goods.
To the extent that Smith’s argument is actually based on the situation just
described, it appears to be perfectly sensible. Hence it should be concluded
that there is a case for which Smith’s ‘vent for surplus’ doctrine can be
given a clear and consistent interpretation.

NOTES

1 The “vent for surplus’ argument is also to be found in WN I11.i.1 and 7, WN IV.iii.c.4
and WN 1V.vii.c.4-9. As the passages referred to show, Smith applies the argument
equally to trade between town and country, trade between sovereign nations and trade
between colony and motherland.

2 Foradiscussion of classical and early neoclassical economists on joint production see
Kurz (1986, 1991).

3 Smith’s above observation is also interesting because it questions the rather common
presupposition in much of the literature on the subject that the joint products of a
process can generally be divided into a ‘main product’, whose acquisition is desired
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and because of which the productive activity is called forth, and one or several ‘by-
products’, which may or may not be useful and which, at any rate, are of secondary
economic interest. Smith’s discussion makes it clear that what is the ‘main product’
of a joint production process cannot be ascertained a priori.

4 Cases of joint production are mentioned, for example, in WN 1.xi.b.3, 32; c.4-5, 7, 21,
28; 1.9-11; m.2 et seq.

5 The continuing relevance of Adam Smith’s ‘vent for surplus’ argument is well
documented by the controversy about the draft conclusions to the Uruguay Round of
international trade talks; see the Financial Times of 13 and 20 January 1992. A major
theme of these reports is the EC’s opposition to the impending increase of imports
from the United States of cereal substitutes, especially oilseeds. According to German
newspapers, it was particularly the proposed liberalization of trade in corn-gluten
feed, a by-product of whiskey production, that was fiercely criticized by
representatives of European agricultural interest groups.

6 The fact that hardly any of the early authors who wrote about joint production
acknowledged Smith’s contribution does not imply, of course, that they were not
inspired or influenced by what Smith had to say on the subject in The Wealth of
Nations.

7 See e.g. Stigler (1965:8), Blaug (1968:198), O’Brien (1975:45, 95-6) and Ekelund
and Hebert (1983:154). For a critical discussion of this widespread view see Kurz
(1986).
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4

‘ENDOGENOUS’ GROWTH
MODELS AND THE “CLASSICAL’
TRADITION

Heinz D.Kurz and Neri Salvadori

Profits do not necessarily fall with the increase of the quantity of
capital because the demand for capital is infinite and is governed by
the same law as population itself. They are both checked by the rise in
the price of food, and the consequent increase in the price of labour. If
there were no such rise, what could prevent population and capital
from increasing without limit?

(Ricardo [1817] 1951 VI:301)

Growth theory, like several other subjects in economics, has had
remarkable ups and downs in the history of our subject. It was a major
focus of attention of the classical economists from Adam Smith to David
Ricardo, and then of Karl Marx. Afterwards the problem of economic
growth was almost completely lost sight of at the time of the so-called
‘marginal revolution’, championed by William Stanley Jevons, Carl
Menger and Léon Walras. While there were notable exceptions to the rule,
around the turn of the century economists were predominantly concerned
with the problem of value. The interest in the problem of economic growth
was reignited by a contribution of John von Neumann in the 1930s.
However, a greater direct impact on the profession as a whole came from
the attempts to generalize Keynes’s principle of effective demand to the
long run. It was particularly Roy Harrod’s 1937 contribution that gave rise
to a large literature devoted to the study of economic growth and business
cycles. The ‘“instability principle’ enunciated by Harrod with regard to the
process of capital accumulation was countered, in the mid 1950s, by the
neoclassical economists Trevor Swan and Robert Solow, who showed that
on the basis of sufficiently strong assumptions the economic system would
gravitate towards a steady state, with the rate of expansion equal to some
exogenously given ‘natural’ rate of growth. In these models Say’s law was
assumed to hold, implying the full employment of labour and full capacity
utilization. At the same time Nicholas Kaldor put forward the post-
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Keynesian model of growth and distribution, which also started from the
assumption of full employment and full capacity utilization. With the rate
of growth of the labour supply and the rate of growth of labour productivity
given from outside on one hand and the growth rate of investment given by
the “animal spirits of the investors’ on the other, both neoclassical theory
and post-Keynesian theory ascertained, via different routes, the distribution
of income between wages and profits compatible with the given long-term
growth rate. While the former assumed a given overall saving rate and a
flexible capital-output ratio (via changing proportions of capital and labour
by means of which a unit of social output could be produced), the latter
assumed prima facie a flexible overall saving rate (via a changing
distribution of income and different propensities to save out of wages and
profits) and a fixed capital-output ratio.

The 1960s could be seen as the ‘golden age’ of Solovian growth
economics: they brought a host of theoretical and empirical studies.
However, in the 1970s and early 1980s growth economics as a whole was
marginalized. The situation changed dramatically in the mid 1980s, when
growth economics started to boom again, following the lead of Paul Romer
and Robert Lucas. A formidable industry of theoretical and empirical
research into economic growth sprang up like a mushroom. Also described
as ‘new’ growth theory (NOT) to indicate the claim to originality, some
advocates are quite explicit in their view that NGT will revolutionize the
way economists think about certain problems (see Grossman and Helpman
1994:42). The emphasis is on ‘endogenous’ mechanisms generating
economic growth, that is, long-term growth is determined ‘within the
model, rather than by some exogenously growing variables like
unexplained technological progress’ (Barro and Sala-i-Martin 1995:38).
This is considered the main distinguishing feature between NGT and old,
Solovian, growth theory. Other characteristic features of NGT are said to be
the incorporation of economies of scale in the model and of providing a
solid microfoundation of saving (alias investment) behaviour.

In this chapter an attempt will be made to relate some of the most
prominent models of the NGT literature to the ‘classical’ tradition of
economic thought. It will indeed be argued that in a very precise sense the
NGT can be said to involve a return to modes of thought and the method of
analysis characteristic of the classical authors. In terms of method, the NGT
is long-period theory, advocated by Adam Smith and developed by David
Ricardo. In terms of content, many of the models of the ‘new’ growth
theory (NGMs) dispense with the traditional neoclassical determination of
the rate of profit in terms of the supply of and demand for ‘capital’. The
following discussion attempts to clarify this fact.

Scrutiny shows that the contributions to the theory of value and
distribution of “classical’ derivation, notwithstanding the many differences
between different authors, share a common feature: in investigating the
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relationship between the system of relative prices and income distribution
they start from the same set of data. These data concern:

(i) The technical conditions of production of the various commodities.
(i) The size and composition of the social product.
(iii) One of the distributive variables: either the ruling wage rate(s) or the
ruling rate of profit,
(iv) The quantities of available natural resources.

In correspondence with the underlying long-period competitive position of
the economy the capital stock is assumed to be fully adjusted to these data.
Hence the ‘normal’ desired pattern of utilization of plant and equipment
would be realized and a uniform rate of return on its supply price obtained.
The data or independent variables from which neoclassical theories
typically start are the following. They take as given

(&) The set of technical alternatives from which cost-minimizing
producers can choose.

(b) The preferences of consumers.

(c) The initial endowments of the economy and the distribution of
property rights among individual agents.

It is easily checked that the given (a) is not very different from the given (i),
whereas the given (ii) could be thought of as determined by the given (b).
What makes the two theories really different are the data (iii) and (c).
However, in the special case in which there is no labour in the economy—
and therefore the given (iii) is automatically deleted, because the rate of
profit would be endogenously determined and could not be given from
outside the system—the given (c) is not very different from the given (iv). It
will be shown that it is a characteristic feature of some of the most
prominent contributions to the modern literature on endogeneous growth
that they eliminate labour from the picture and put in its stead ‘human
capital’ or ‘knowledge’, that is, something that a twentieth century
audience can accept as a producible (and accumulable) factor of
production. However, the conditions of production of this surrogate of
‘labour’ play exactly the same role played in the classical analysis by the
assumption of a given real wage rate. This chapter is devoted to a clear
statement of this fact.

In this chapter we focus attention on the analytical structure of the
theory. That does not mean that we are unaware of the fact that there are
other elements in the NOT with a decidedly classical flavour. The insistence
on increasing returns, for example, bears a close resemblance to Adam
Smith’s treatment of the division of labour. It was indeed Smith’s
contention that the accumulation of capital is a prerequisite of the
emergence of new, and the growth of many of the existing, markets which
is intimately intertwined with an ever more sophisticated division of labour,
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and which in turn is seen to be the main source of a continual increase in
labour productivity. In Smith’s view the division of labour leads to the
discovery of new methods and means of production—new machines—and
new goods and is generally associated, at least temporarily, with forms of
monopolistic competition which allow the successful innovators to reap
extra profits for some time (see, for example, Smith, WN 1.x.b.43; see also
Young 1928). Hence in Smith the endogeneity of the rate of growth is the
result not so much of the features of some given technology as of the
continuous revolution of the technological, organizational and institutional
conditions of production, that is, a process of the development of the
‘productive powers of society’. Whilst we are aware of the similarities
between this view and some of the ideas developed in more recent
contributions to NGT,* our main concern in this chapter is not with them but
with showing that the set of data from which the majority of NGMs start is
that typical of the classical and not that of the neoclassical approach.

The next section shows that Ricardo consistently conceptualized
economic growth as endogenous. In addition, it is shown that the usual
Ricardian model can be transformed into one or the other of the
conventional NGMs, either by eliminating the scarcity of land or by
limiting the effect of the scarcity of land on the rate of profit by means of a
backstop technology or by means of increasing returns to scale effects
connected with the division of labour. The typology elaborated is used in
the following section in order to analyse and classify some of the more
recent NGMs. It is shown that the models under consideration replicate the
behaviour of the Ricardesque models investigated in the next section. The
final section draws some conclusions.

ENDOGENOUS GROWTH IN THE
‘CLASSICAL’ ECONOMISTS

Accumulation vis-a-vis diminishing returns in agriculture

The problem of economic growth and income distribution was a major
concern of Adam Smith and David Ricardo. Ricardo’s argument about what
he called the ‘natural’ course of the economy contemplated an economic
system in which capital accumulates, the population grows, but there is no
technical progress: the latter is set aside. Hence the argument is based on
the (implicit) assumption that the set of (constant returns to scale) methods
of production from which cost-minimizing producers can choose is given
and constant. Assuming the real wage rate of workers to be given and
constant, the rate of profit is bound to fall: due to extensive and intensive
diminishing returns on land, ‘with every increased portion of capital
employed on it, there will be a decreased rate of production’ (Ricardo
[1817] 1951:98). Profits are viewed as a residual income based on the
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surplus product left after the used-up means of production and the wage
goods in the support of workers have been deducted from the social product
(net of rents). The “‘decreased rate of production’ thus involves a decrease in
profitability. On the premiss that there are only negligible savings out of
wages and rents, a falling rate of profit involves a falling rate of capital
accumulation. Hence, as regards the dynamism of the economy, attention
should focus on profitability. Assuming that the marginal propensity to
accumulate out of profits, s, is given and constant, a ‘classical’
accumulation function can be formulated:

_ {s(r—rmin) if r = rop,
£= 1o i r < ro,

where r,,=0 is the minimum level of profitability which, if reached, will
arrest accumulation (cf. ibid.: 120). Ricardo’s ‘natural’ course will
necessarily end up in a stationary state.2

Clearly, in Ricardo the rate of accumulation is endogenously determined.
The demand for labour is governed by the pace at which capital
accumulates, whereas the long-term supply of labour is regulated by the
‘Malthusian law of population’.?

Assuming for simplicity a given and constant real wage rate, Ricardo’s
view of the long-run relationship between profitability and accumulation
and thus growth can be illustrated in terms of Figure 4.1, which is a
diagram used by Kaldor (1956). The curve CEGH is the marginal
productivity of labour-cum-capital; it is decreasing, since land is scarce:
when labour-cum-capital increases, either less fertile qualities of land must
be cultivated or the same qualities of land must be cultivated with processes
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Figure 4.1 Land as an indispensable resource
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which require less land per unit of product but are more costly in terms of
labour-cum-capital. Let the real wage rate equal OW. Then, if the amount of
labour-cum-capital applied is L,, the area OCEL, gives the product,
OWDL1 gives total capital employed, and BCE total rent. Profit is
determined as a residual and corresponds to the rectangular WBED. As a
consequence, the rate of profit can be determined as the ratio of the areas of
two rectangulars which have the same basis and therefore it equals the ratio
WB/OW. Let us now consider the case in which the amount of labour-cum-
capital is larger, that is, L,. Then OCGL, gives the product, OWFL, the
capital, ACG the rent, and WAGF profits. The rate of profit has fallen to
WA/OW. Obviously, if a positive profit rate implies a positive growth rate
(i.e. r,;,;=0), the economy will expand until labour-cum-capital has reached
the level L. At that point the profit rate is equal to zero and so is the growth
rate. The system has arrived at a stationary state. Growth has come to an
end because profitability has.

The required size of the work force is considered essentially generated
by the accumulation process itself. In other words, labour power is treated
as a kind of producible commodity. It differs from other commodities in
that it is not produced in a capitalistic way by a special industry on a par
with other industries but is a result of the interplay between the generative
behaviour of the working population and socio-economic conditions. In the
most simple conceptualization possible, labour power is seen to be in
elastic supply at a given real wage basket. Increasing the number of baskets
available in support of workers involves a proportional increase of the work
force. In this view the rate of growth of the labour supply adjusts to any
given rate of growth of labour demand without necessitating a variation in
the real wage rate.# Labour can thus set no limit on growth because it is
‘generated’ within the growth process. The only limit on growth can come
from other non-accumulable factors of production: as Ricardo and others
made clear, these factors are natural resources in general and land in
particular. In other words, there is only endogenous growth in the classical
economists. This growth is bound to lose momentum as the scarcity of
natural factors of production makes itself felt in terms of extensive and
intensive diminishing returns. (Technical change is, of course, envisaged as
counteracting these tendencies.)

Production with land as a free good

For the sake of the argument let us try to think about Ricardian theory
without the problem of land. Setting aside land in Ricardo’s doctrine may
strike the reader as somewhat akin to Hamlet without the prince. However,
the only purpose of this thought experiment is to prepare the ground for a
discussion of the NGMs on pp. 75-85. If there were no land—or, rather, if
land of the best quality were available in abundance, that is, a free good—
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then the curve of the graph showing the marginal productivity of labour-
cum-capital would be a horizontal line and the rate of profit would be
constant whatever the amount of labour-cum-capital. This case is illustrated
in Figure 4.2. As a consequence, the growth rate would also be constant: the
system could grow for ever at a rate that equals the given rate of profit times
the propensity to accumulate. As the passage from Ricardo’s Works at the
opening of this chapter shows, Ricardo was perfectly aware of the
implication.

Production with a ‘backstop technology’

However, to assume that there is no land at all or that it is available in given
quality and unlimited quantity is unnecessarily restrictive. With the system
growing for ever, a point will surely come where land of the best quality
gets scarce. This brings us to another situation in which the rate of profit
need not vanish as capital accumulates. The situation in question bears a
close resemblance to a case discussed in the economics of ‘exhaustible’
resources, that is, the case in which there is an ultimate ‘backstop
technology’. For example, some exhaustible resources are used to produce
energy. In addition, there is solar energy, which may be considered an
undepletable resource. A technology based on the use of solar energy
defines the backstop technology mentioned. Let us translate this
assumption into the context of a Ricardian model with land.

The case under consideration would correspond to a situation in which
‘land’, although useful in production, is not indispensable. In other words,
there is a technology which allows the production of the commodity
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without any ‘land’ input; this is the backstop technology. With continuous
substitutability between labour-cum-capital and land, the marginal
productivity of labour-cum-capital would be continuously decreasing, but it
would be bounded from below. This case is illustrated in Figure 4.3, with
the dashed line giving the lower boundary. In this case the profit rate and
thus the growth rate would be falling, but they could never fall below
certain levels, which are positive. The system would grow indefinitely at a
rate which would asymptotically approach the product of the given saving
rate times the value of the (lower) boundary of the profit rate. In Figure 4.3
the latter is given by WR/OW.

Increasing returns to capital-cum-labour

Finally, we may illustrate the case of increasing returns to labour-
cumcapital (see Figure 4.4), as it was discussed, following Adam Smith’s
analysis of the division of labour, by authors such as Allyn Young (1928)
and Nicholas Kaldor (1957). For the sake of simplicity, taking the wage rate
as given and constant, the rate of profit and the rate of growth are bound to
rise as more labour-cum-capital is employed. (In Figure 4.4 it is assumed
that there is an upper boundary to the rise in output per unit of labour-cum-
capital given by OR.) In order to be able to preserve the notion of a uniform
rate of profit, it has to be assumed that the increasing returns are external to
the firm and exclusively connected with the expansion of the market as a
whole and the social division of labour. This implies that, whereas in the
case of decreasing returns due to the scarcity of land (cf. Figures 4.1 and
4.3) the product was given by the area under the marginal productivity
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Figure 4.4 Increasing returns

curve, now the product associated with any given amount of labour-cum-
capital is larger than or equal to that amount times the corresponding level
of output per unit of labour-cum-capital. It is larger if there is still scarce
land; it is equal to it if there is not. In any case, the sum of profits and wages
equals the product of the given amount of labour-cum-capital times the
corresponding level of output per unit of labour-cum-capital.> Hence, in the
case in which labour-cum-capital is L,, the product is given by the
corresponding rectangular. In consequence, the product is larger than the
area under the marginal productivity curve. The cases of decreasing and
increasing returns are therefore not symmetrical. It goes without saying that
in that case a rising real wage rate need not involve a falling general rate of
profit.

To conclude, it is to be stressed again that the ‘Ricardesque’ patterns of
endogenous growth illustrated in Figures 4.1-4 are intimately related to the
fact that labour is envisaged as a commodity which is in some sense
‘produced’ by using corn and nothing else. The real wage rate is considered
‘on the same footing as the fuel for the engines or the feed for the cattle’.
The straight line WF in Figures 4.1-4 can indeed be interpreted as the
‘marginal cost function’ related to the ‘production’ of labour. If the wage
rate were to depend on the amount of labour employed, the marginal cost
function would not be a straight line, but substantially the same argument
would apply. To put it in a nutshell, the ‘secret’ of the endogeneity of
growth in the classical authors consisted of the assumption of a
‘technology’ producing labour. We shall see in the next section that
essentially the same secret is at the heart of the NGT.
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There is, however, another way of interpreting the diagrams. In order for
this alternative interpretation to hold, we have to remove labour from the
scene. If that is done, a picture emerges in which corn is produced by using
only corn (including corn used as real wage rate) and, eventually, land. The
curve that was previously interpreted as the marginal productivity of
labour-cum-capital can now be interpreted as the marginal productivity of
corn (as an input); the straight line WF would therefore be located at a
distance from the horizontal axis of exactly one unit (WO =1). All the other
elements of the argument developed above would remain exactly the same.
We shall see in the next section that this interpretation provides a key to
understanding an important aspect of the NGT.

THE ‘NEW’ GROWTH MODELS

As we have seen, the concept of ‘endogeneity’ employed in the NGMs as
specified by Barro and Sala-i-Martin implies that long-run growth is
determined ‘within the model’ rather than by some exogenously growing
variables. They add, ‘The key property of endogenous-growth models is the
absence of diminishing returns to capital’ (1995:39). Therefore the
mechanism by means of which diminishing returns to capital are avoided
provides a criterion to classify the NGMs (see also Kurz and Salvadori
1997a). We may distinguish between the following types of models:

(i) ‘Linear models’ or ‘AK models’ (Rebelo 1991; King and Rebelo
1990).

(i) Models in which returns to capital are bounded from below (Jones
and Manuelli 1990).

(ili) The model by Lucas (1988), which focuses attention on the
accumulation of human capital.

(iv) The model by Romer (1986), which emphasizes the generation of new
knowledge in the research and development activities of firms.

We shall deal with these different models in turn.

Linear or ‘AK’ models

First, there are models which set aside all non-accumulable factors of
production such as labour and land and assume that all inputs in production
are accumulable, that is, ‘capital’ of some kind. The simplest version of this
class of models is the so-called ‘AK model’, which assumes that there is a
linear relationship between total output, Y, and a single factor, capital, K,
both consisting of the same commodity:

Y=AK 1)
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where 1/A is the amount of that commodity required to produce one unit of
itself. Because of the linear form of the aggregate production function,
these models are also known as ‘linear models’. The rate of return on
capital, r, is given by

Y
r+6= ¥ = (2)
where & is the exogenously given rate of depreciation. The
savinginvestment mechanism jointly with the assumption of a uniform rate
of growth, that is, a steady-state equilibrium, then determines a relationship
between the growth rate, g, and the rate of profit, r. Rebelo (1991:504, 506)
obtains either

A—98— r—
§= c : “ 6 : @)
or
g=(A-58)s=sr 4

Equation (3) is obtained when savings are determined on the assumption
that there is an immortal representative agent maximizing the following
intertemporal utility function:

i —pt 1 . -c
Ofep 1_6[c(t)1 — 1] de (5)

subject to constraint (1), where p is the discount rate, or rate of time
preference, and 1/o is the elasticity of substitution between present and
future consumption (1#0>0), and where Y=c(t)+K, where K is the
derivative of K with respect to time, i.e. investment. Equation (4) is
obtained when the average propensity to save, s, is given. Hence in this
model the rate of profit is determined by technology alone and the saving-
investment mechanism determines the growth rate.

This model is immediately recognized as the model dealt with on pp.
71-2, in which labour was set aside, on the assumption that the technology
to produce corn is that illustrated in Figure 4.2. Even the saving-investment
mechanism is essentially the same: in the case of equation (3) o=1/s and
p=r,.., (provided that r>r,); in the case of equation (4) r.,,=0. Hence the
version of the ‘new’ growth theory under consideration is but the most
elementary of all classical models. No classical economist can be accused
of having taken that model too seriously.

A slightly different avenue was followed by King and Rebelo (1990).
Instead of one kind of ‘capital’ they assumed that there are two kinds, real
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capital and human capital, both of which are accumulable. There are two
lines of production, one for the social product and the real capital, which
consist of quantities of the same commodity, and one for human capital.
The production functions relating to the two kinds of capital are assumed to
be homogeneous of degree one and strictly concave. There are no
diminishing returns to (composite) capital, for the reason that there is no
non-accumulable factor such as simple or unskilled labour that enters into
the production of the accumulable factors, investment goods and human
capital.® The production functions relating to the two kinds of capital are
given by

H=H(H,, K,,) (6.1)

and
K=K(H,, Ky) (6.2)

As in Rebelo’s model the rate of profit is uniquely determined by the
technology (and the maximization of profits, which implies that only one
technique can be used in the long run); the growth rate of the system is then
endogenously determined by the saving-investment equation.
Maximization of profits implies that:

;TH = (7.2)

H

OH _r (7.2)

oKy —p

58}}5 — (7.3)
K

aaTK -y (7.4)
K

where r is the rate of profit and p is the price of human capital in terms of
the commodity which is consumed or accumulated as physical capital (3
has been set equal to 0 in order to simplify the notation). Since functions
(6.1-2) are homogeneous of degree one, their first derivatives are
homogeneous of degree zero, and hence the four equations (7.1-4) are
enough to determine the four unknowns r, p, H. /K, H,/K,.” This is nothing
other than the non-substitution theorem,® which, as is well known, implies
that only one technique can be used in the long run. The growth rate of the
system is then endogenously determined by the saving-investment
equation. The larger the propensity to accumulate human and physical
capital the larger is the growth rate.

Comparing the latter model with the classical theory, we can draw the
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following conclusion: the role played by ‘labour’ in the classical authors is
assumed by ‘human capital’ in King and Rebelo (1990). Both factors of
production are taken to be producible; with constant returns to scale, as in
King and Rebelo (1990) and in the case depicted in Figure 4.2, the rate of
profit and, therefore, the rate of growth are determined and constant over
time. The linear NGMs thus simply replicate in elementary terms the logic
of the classical approach to the theory of distribution and growth.

Returns to capital bounded from below

Next there are models which preserve the dualism of accumulable and
nonaccumulable factors but restrict the impact of an accumulation of the
former on their returns by a modification of the aggregate production
function. Jones and Manuelli (1990), for example, allow for both labour
and capital and even assume a convex technology, as does the Solow model
(cf. Solow 1956). However, a convex technology requires only that the
marginal product of capital is a decreasing function of its stock, not that it
vanishes as the amount of capital per worker tends to infinity. Jones and
Manuelli assume that:

h(k)=bk each k=0

where h(k) is the per capita production function and b is a positive
constant. The special case contemplated by them is:

h(k)=f(k)+bk (8)

where f(k) is the conventional Solovian production function. As capital
accumulates and the capital-labour ratio rises, the marginal product of
capital will fall, asymptotically approaching b—its lower boundary. With a
given propensity to save, s, and assuming capital to be everlasting, the
steady-state growth rate, g, is endogenously determined: g=sbh. Assuming,
on the contrary, intertemporal utility maximization, the rate of growth is
positive provided the technical parameter b is larger than the rate of time
preference p. In the case in which it is, the steady-state rate of growth is
given by (3) with r=b.

It is not difficult to recognize that the difference between the model of
Jones and Manuelli (1990) and that of Rebelo (1991) is the same as the one
existing between the cases illustrated by Figures 4.3 and 4.2 above.

Finally, there is a large class of models which contemplate various
factors counteracting any diminishing tendency in returns to capital. The
models can be grouped into two types. In both kinds of model positive
external effects play an important part: they offset any fall in the marginal
product of capital.
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Human capital formation and its externalities

Models of the first group attempt to formalize the role of human capital
formation in the process of growth. Elaborating on some ideas of Uzawa
(1965), Lucas (1988) assumed that agents have a choice between two ways
of spending their (non-leisure) time: to contribute to current production or
to accumulate human capital. It is essentially the allocation of time between
the two alternatives contemplated that decides the growth rate of the
system. For example, a decrease in the time spent producing goods involves
a reduction in current output; at the same time it speeds up the formation of
human capital and thereby increases output growth. With the accumulation
of human capital there is said to be associated an externality: the more
human capital society as a whole has accumulated, the more productive
each single member will be. This is reflected in the following
macroeconomic production function:

Y=AK*(UhN)**h*Y 9)

where the labour input consists of the number of workers, N, times the
fraction of time spent working, u, times h, which gives the labour input in
efficiency units. Finally, there is the term h*. This is designed to represent
the externality. The single agent takes h* as a parameter in his or her
optimizing by choice of consumption ¢ and u. However, for society as a
whole the accumulation of human capital increases output both directly and
indirectly, that is, through the externality. Here we are confronted with a
variant of a public good problem, which may be expressed as follows. The
individual optimizing agent faces constant returns to scale in production:
the sum of the partial elasticities of production of the factors he or she can
control, that is, his or her physical and human capital, is unity. Yet for
society as a whole the partial elasticity of production of human capital is
not 1-B but 1-B+vy.

Lucas’s conceptualization of the process by means of which human
capital is built up is the following:

h =vh(1 — u) (10)

where v is a positive constant. (Note that equation (10) can be interpreted as
a ‘production function’ of human capital by means of human capital: the
average product is constant and equals v.)

Interestingly, it can be shown that if there is not the above-mentioned
externality, i.e. if vy in equation (9) equals zero, and therefore returns to
scale are constant and, as a consequence, the non-substitution theorem
holds, endogenous growth in Lucas’s model is obtained in essentially the
same way as in the models of Rebelo (1991) and King and Rebelo (1990):
the rate of profit is determined by technology and profit maximization
alone; and for the predetermined level of the rate of profit the saving-
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investment mechanism determines the rate of growth. Hence, as Lucas
himself pointed out, the endogenous growth is positive independently of the
fact that there is the above-mentioned externality, that is, independently of
the fact that -y is positive.

With the ‘production functions” (9) and (10), and y=0, profits are
maximized when

o (11.1)
B—1

r=pA (ﬁv) (11.2)

we= (1 — B)A (u_hl%)ﬁ (11.3)

where w, is the wage per efficiency unit of labour (if w,, is the hourly wage
of a worker of skill h, then w,=w_h), p is the price of human capital in terms
of the single commodity that is consumed or accumulated as physical
capital, and r is the rate of profit. In conditions of free competition the rate
of profit tends to be uniform across the two sectors. This implies that the
existing human capital times the rate of profit equals the income obtained
from that human capital, that is,

rNhp = wuNh + Nhp + Nhp + Nhp (12)

Since the non-substitution theorem holds, p and w, are uniquely determined
in the long run and, therefore, in steady states p=0. Then, from equations
(10), (11.1) and (12) we obtain

r=v+\

where \ is the exogenous rate of growth of population. There is only one
meaning that can be attributed to the dependence of r on \: it is a
consequence of the remarkable fact that in Lucas’s model the growth of
‘population” means simply that the immortal consumer grows ‘bigger’ at
rate \. (Otherwise one would have to assume the existence of another type
of externality: costless cultural transmission, that is, to new generations the
existing knowledge is a free good.) Thus, as in Rebelo’s model, the rate of
profit is determined by technology (and profit maximization) alone.
Equations (11.2) and (11.3) determine the technique utilized in the
commodity—producing sector and the wage rate:

- 5

we=(1 —BA (UBZX)B(B_I)_X
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Hence, if u is constant over time, and K, h, and N grow at rates that are also
constant over time, that is, the economy is in a steady state, then:

K_»h N

K- rh*N
Finally, as in the models of Rebelo (1991) and King and Rebelo (1990), the
behaviour of consumers (and investors) reflected in the saving-investment
equation determines a relationship between the rate of profit and the rate of
growth, and since the profit rate is determined by technology (and the
choice of technique), the growth rate is endogenously fixed. With Lucas’s
assumptions about saving

B _r—-p (13)
h o

that is

which implies that

and since 0=u=1

0= VtA—p _

o)

Let us now assume a positive y (but lower than (1-B)c). In this case returns
to scale are not constant. Hence the non-substitution theorem does not
apply, and this is the reason why neither the profit-maximizing technique,
nor w,, nor p is determined by technology and profit maximization alone.
As a consequence r is not so determined, either. The simple ‘recursive’
structure of the model is thereby lost. Nevertheless, technology and profit
maximization still determine, in steady states, a relationship between the
rate of profit and the rate of growth. This relationship, together with the
relationship between the same rates, obtained from the saving-investment
equation, determines both variables. Thus, although the analysis is more
complex, essentially the same mechanism applies.
In fact, if v>0, equations (11.1-3) become:

W,=pu (14.1)
.- BAhy(ﬁv)B_l (14.2)
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B
we = (1 — B)ARY (uhLN) (14.3)

From equations (14.1) and (14.3) we obtain

€|€
[

P
e p
veow-pmiep(E o)

From the production function (9) we obtain that in steady states

Z_K__LH +E+7\.
Y K- I-B h
Hence
14 V.Ve Y h

which, substituted in equation (12), and taking account of equations (10)
and (14.1), gives
_ Yk
r=v+A+ = &
which jointly with equation (13) determines both the growth rate and the
rate of profit:

_(I—PBow+h —w

1 —-Ppo -y
h_( =P+ -p
h (1—PBo -y

Thus, although the analysis is more complex, essentially the same
mechanism applies as in the models dealt with on pp. 75-8. Once again the
concept of “human capital’ has assumed a role equivalent to the role of the
concept of ‘labour’ in classical economics. However, while most
contemporary economists would presumably be hostile to the idea that
‘labour’ could be treated as a produced factor of production, they appear to
have had no difficulty in accepting the idea that there is a technology
producing ‘human capital’.®

We want to stress that the results obtained in this section are no different
from those Lucas (1988) obtained by using his procedure of maximizing
the functional (5) subject to the constraints (9) and (10) and then assuming
that the available amounts of human capital and physical capital are those
which allow the steady state. However, we arrived at the results much more
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easily since our analysis was a long-period one from the beginning, and that
gave us directly equations (11) and (12) in the case of constant returns to
scale (and (14) and (12) in the case of increasing returns to scale). The
results are obtained when these equations are put together with equation
(13)—an equation that Lucas obtained by the assumption of an everlasting
consumer, but which can also be obtained otherwise. This should clarify the
detour aspect of the intertemporal analysis with respect to the long-period
one, when we are interested in the ‘balanced path’, considered ‘as a good
approximation to any actual path “most” of the time’ (ibid.: 11).

Endogenous technical change

Models of the second group attempt to portray technical change as
generated endogenously. The proximate starting point of this kind of model
was Arrow’s paper on ‘learning by doing’ (Arrow, 1962). In Romer (1986)
attention focuses on the role of a single state variable called ‘knowledge’ or
‘information’. It is assumed that the information contained in inventions
and discoveries has the property of being available to anybody to make use
of at the same time. In other words, information is considered essentially a
non-rival good. However, it need not be totally non-excludable, that is, it
can be monopolized at least for some time. It is around the two different
aspects of publicness (non-rivalry and non-excludability) that the argument
revolves. Discoveries are made in research and development departments of
firms. This requires resources to be withheld from producing current
output. The basic idea of Romer’ s model is ‘that there is a trade-off
between consumption today and knowledge that can be used to produce
more consumption tomorrow’ (ibid.: 1015). He formalizes this idea in
terms of a ‘research technology’ that produces ‘knowledge’ from forgone
consumption. Knowledge is assumed to be cardinally measurable and not to
depreciate: it is like perennial capital.

Romer stipulates a research technology that is concave and
homogeneous of degree one,

ki =G, k;) (15)

where I, is an amount of forgone consumption in research by firm i and k; is
the firm’s current stock of knowledge. (Note that equation (15) can be
interpreted as a production function describing the production of
‘knowledge’ by means of ‘knowledge’ and the forgone consumption good.)
The production function of the consumption good relative to firm i is

Y=F(k, K, x) (16)

where K is the accumulated stock of knowledge in the economy as a whole
and x; is a vector of inputs different from knowledge. Romer assumes that
‘factors other than knowledge are in fixed supply’ (ibid.: 1019). This
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implies that ‘knowledge’ is the only capital good utilized in the production
of the consumption good. (The forgone consumption good is a capital good
used in the production of knowledge.) Spill-overs from private research and
development activities increase the public stock of knowledge K. It is
assumed that the function is homogeneous of degree one in k; and x; and
homogeneous of a degree greater than one in k; and K.

Assuming, contrary to Romer, that the above production function (16) is
homogeneous of degree one in ki and K involves constant returns: the
diminishing returns to ki are exactly offset by the external improvements in
technology associated with capital accumulation. In this case it can be
shown that, as in the models previously dealt with, the rate of profit is
determined by technology and profit maximization alone, provided, as is
assumed by Romer, that the ratio K/ki equals the (given) number of firms.

In fact, profit maximization requires that

» 37(? . (17.1)
a_G = r
ok, (17.2)
'ai = 7]
ok~ P (17.3)
oF _
oxy (18)

where p is the price of ‘knowledge’ in terms of the consumption good and
w; is the rental of the j-th fixed factor. The derivative of F(k;, K, x;) with
respect to k; is homogeneous of degree zero in k; and K. Then it depends
only on the given vector x; and the ratio K/k;,, which, since all firms are
taken to be equal to one another, coincides with the (given) number of firms
S. That is, since x; is a given vector and since function (15) is homogeneous
of degree one, the three equations (17) involve only three unknowns: r, p, 1./
k.. As in the models previously dealt with, the rate of profit is determined by
technology and profit maximization alone, so that the saving-investment
relation can determine the growth rate endogenously. (Equation (18) just
determines the rentals of the fixed factors.)

Once again endogenous growth does not depend on an assumption
about increasing returns with regard to accumulable factors. Growth
would not be ‘more endogenous’ if increasing returns were to be
assumed. Such an assumption renders the analysis a good deal more
complicated. In particular, a steady-state equilibrium does not exist unless
the marginal product of capital is taken to be bounded from above. This is
done by Romer in terms of an ad hoc assumption regarding equation (15)
(ibid.: 1019). This assumption is not different from the one used in
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drawing Figure 4.4 above, where the marginal product of labour-cum-
capital is shown to be increasing with the scale of production but is
bounded from above.

CONCLUDING REMARKS

The chapter has shown how in some of the best-known NGMs endogenous
growth is generated. Notwithstanding their many differences, it is a striking
common feature of these models that the rate of profit is determined by
technology alone, or, if there is a choice of technique, by the profit-
maximizing behaviour of producers. With the rate of profit determined in
this way, the task of the saving-investment mechanism is restricted to the
determination of the steady-state growth rate. With a given saving rate, the
growth rate is simply the profit rate times the saving rate. With
intertemporal utility maximization things are slightly more complicated and
the saving rate is endogenously determined. It has also been shown that
increasing returns are not an indispensable ingredient of endogenous
growth. The profit rate is determined by technology because it is assumed
that there is a technology producing ‘labour’. In order to render this fact
acceptable to a twentieth-century audience, the factor has been given new
names and enters the stage either as ‘human capital’ or ‘knowledge’.
Exactly as in the Ricardian analysis, in this way the profit rate is
determined. The readers of Production of Commodities by Means of
Commodities by Piero Sraffa (1960) will immediately recall that when at
the beginning of chapter Il (88 4-5) wages are regarded as entering the
system ‘on the same footing as the fuel for the engines or the feed for the
cattle’, the profit rate and the prices are determined by technology alone.
On the contrary, when workers get a part of the surplus, the quantity of
labour employed in each industry has to be represented explicitly, and the
profit rate and the prices can be determined only if an extra equation
determining income distribution is introduced into the analysis. The
additional equation generally used by advocates of neoclassical analysis is
the equality between demand and supply of ‘capital’, which requires the
homogeneity of this factor.20 But no extra equation is required in the NGT,
since, as in Ricardo and in 88 4-5 of Sraffa’s book, there is a technology
producing ‘labour’.

Finally, it should be noted that the NGT has revived long-period
analysis, centred around the concept of a uniform rate of profit. However,
the kind of long-period argument put forward in the NGT falls way behind
the present state of the art in this field of research. In particular, it appears
to us anachronistic to attempt to develop a theory of growth that focuses on
product innovations, new ‘industrial designs’, etc., in terms of a model
which preserves several of the disquieting features of the neoclassical
growth theory of the 1950s and 1960s, including the setting aside of the
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diversity of behaviour and the heterogeneity of goods, particularly capital
goods. These latter assumptions the NGT shares with Knight’s famous
Crusonia plant, in particular, a homogeneous capital jelly (cf. Kurz and
Salvadori 1997a). There is no need and indeed no justification for
continuing to dwell on such fairy tales. First, because the structure of the
theory does not require such an assumption, since distribution is not
determined by the equality of the demand for and supply of ‘capital’.
Second, because modern long-period theory of ‘classical’ derivation may
offer an alternative that allows a better understanding of the phenomena
under consideration.

We hope to have shown that many of the interesting aspects of the
NGMs are related to the classical perspective their authors (unwittingly)
take on the problem of growth, whereas some of their shortcomings derive
from the lack of solutions to the problems of the neoclassical theory of
growth which were put into sharp relief during the 1960s.

NOTES

1 See, for example, Yang and Borland (1991), Becker and Murphy (1992), Rodriguez-
Clare (1996); see also the so-called neo-Schumpeterian models, e.g. Aghion and
Howitt (1992).

2 This path must not, of course, be identified with the actual path the economy is
taking, because technical progress will repeatedly offset the impact of the
‘niggardliness of nature’ on the rate of profit.

3 Real wages may rise, that is, the “market price of labour’ may rise above the “natural’
wage rate. This is the case in a situation in which capital accumulates rapidly, leading
to an excess demand for labour. As Ricardo put it, ‘notwithstanding the tendency of
wages to conform to their natural rate, their market rate may, in an improving society,
for an indefinite period, be constantly above it’ (ibid.: 94-5). If such a situation
prevails for some time it is even possible that ‘custom renders absolute necessaries’
what in the past have been comforts or luxuries. Hence the natural wage is driven
upward by persistently high levels of the actual wage rate. Accordingly, the concept of
‘natural wage’ in Ricardo is a flexible one and must not be mistaken for a
physiological minimum of subsistence. For Smith’s view on wages and the growth of
the work force see Kurz and Salvadori (1995: chapter 15).

4 In the more sophisticated conceptualizations underlying the arguments of Smith and
Ricardo, higher rates of growth of the labour supply presuppose higher levels of the
real wage rate. But the basic logic remains the same: in normal conditions the pace at
which capital accumulates regulates the pace at which labour grows.

5 Let x=f(L, L*) be the product of the last unit of labour-cum-capital when L represents
the amount of labour-cum-capital employed and the division of labour is artificially
kept fixed at the level appropriate when the amount of labour-cum-capital employed is
L*. Obviously, f(L, L*) as a function of L alone is either decreasing as in Figures 4.1
and 4.3 (if land is scarce) or constant, as in Figure 4.2 (if land is not scarce). The
product at L* equals
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If*f(L, L*)dL
0

that is, the area under the curve f(L, L*) in the range [0, L*]. If

% >~§£ for L = L*

then the curve
x=f(L,L)

which is the curve depicted in Figure 4.4, is increasing, but the product is, as stated in
the text, larger than or equal to the sum of profits and wages, which equals the product
of the given amount of labour-cum-capital times the corresponding level of output per
unit of labour-cum-capital.

6 The assumption that the formation of human capital does not involve any unskilled
labour as an input is not convincing: the whole point of education processes is that a
person’s capacity to perform unskilled labour is gradually transformed into the
capacity to perform skilled labour. Adam Smith, for example, was perfectly aware of
this. For an analytical treatment of the problem of human capital, taking Smith’s
discussion as a starting point, see Kurz and Salvadori (1995: chapter 11).

7 Itis easily checked that if the production functions (6) are ‘well behaved’, then there
is one and only one solution to system (7).

8 We need a special case of the non-substitution theorem, because no primary factor (or
a primary factor with zero remuneration) is assumed; see Kurz and Salvadori (1994),
reproduced below as Chapter 5.

9 It is possible to show that the Lucas model can easily be generalized to take into
account non-produced means of production. If land, Q, is introduced so that the
production function (9) becomes

Y=AK?(uhN)2Q-ath*Y
by following the above procedure we obtain

o a+B+y-1h
B T 1=p

Note that if a+R+vy =1, that is, if returns to scale with respect to accumulable factors
are constant, then the rate of profit is determined by technology and profit
maximization alone; otherwise technology and profit maximization determine a linear
relationship between the rate of profit and the rate of growth.

10 This is the famous critique of that theory put forward in the 1960s; for a review of that
critique see Harcourt (1972) and Kurz and Salvadori (1995: chapter 14).

r=v+

REFERENCES

Aghion, P. and Howitt, P. (1992) ‘A model of growth through creative destruction’,
Econometrica 60:323-51.

Arrow, K.J. (1962) ‘The economic implications of learning by doing’, Review of
Economic Studies 29:155-73.

87



‘CLASSICAL’ ECONOMICS AND MODERN THEORY

Barro, R.J. and Sala-i-Martin, X. (1995) Economic Growth, New York: McGrawHill.

Becker, G.S. and Murphy, K.M. (1992) ‘The division of labour, coordination costs, and
knowledge’, Quarterly Journal of Economics 106:501-26.

Burgstaller, A. (1994) Property and Prices: Toward a Unified Theory of Value,
Cambridge: Cambridge University Press.

Grossman, G.M. and Helpman, E. (1994) ‘Endogenous innovation in the theory of
growth’, Journal of Economic Perspectives 8:23-44.

Harcourt, G.C. (1972) Some Cambridge Controversies in the Theory of Capital,
Cambridge: Cambridge University Press.

Jones, L.E. and Manuelli, R. (1990) ‘A convex model of equilibrium growth: theory and
policy implications’, Journal of Political Economy 98:1008-38.

Kaldor, N. (1956) ‘Alternative theories of distribution’, Review of Economic Studies
23:83-100.

——(1957) ‘A model of economic growth’, Economic Journal 67:591-624.

King, R.G. and Rebelo, S. (1990) ‘Public policy and economic growth: developing
neoclassical implications’, Journal of Political Economy 98:126-50.

Kurz, H.D. and Salvadori, N. (1994) ‘The non-substitution theorem: making good a
lacuna’, Journal of Economics 59:97-103.

——(1995) Theory of Production: A Long-period Analysis, Cambridge, Melbourne and
New York: Cambridge University Press.

——(1996) “In the beginning all the world was Australia...’, in M.Sawyer (ed.) Capital
Contoversy, Post-Keynesian Economics and the History of Economic Thought. Essays
in honour of G.C.Harcourt 11, London: Routledge, pp. 425-43.

——(1997a) “What is new in the “new” theories of economic growth? or: Old wine
in new goatskins’, in F.Coricelli, M.Di Matteo and F.H.Hahn (eds), Growth
and Development: Theories. Empirical Evidence and Policy Issues, London:
Macmillan.

——(1997b) ‘Theories of “Endogenous” Growth in Historical Perspective’, paper given
at the Eleventh World Congress of the International Economic Association, 17-22
December 1995, Tunis, Tunisia. To be published in the conference proceedings.

Lucas, R.E. (1988) ‘On the mechanics of economic development’, Journal of Monetary
Economics 22:3-42.

Rebelo, S. (1991) ‘Long run policy analysis and long run growth’, Journal of Political
Economy 99:500-21.

Ricardo, D. ([1817] 1951) On the Principles of Political Economy and Taxation, vol. | of
The Works and Correspondence of David Ricardo, ed. Piero Sraffa with the
collaboration of M.H.Dobb, Cambridge: Cambridge University Press.

Rodriguez-Clare, A. (1996) ‘The division of labour and development’, Journal of
Development Economics, pp. 3—-32.

Romer, P.M. (1986) ‘Increasing returns and long-run growth’, Journal of
PoliticalEconomy 94:1002-37.

Smith, A. (1976) An Inquiry into the Nature and Causes of the Wealth of Nations, 1st edn
1776. Vol. 11 of The Glasgow Edition of the Works and Correspondence of Adam
Smith, ed. R.H.Campbell, A.S.Skinner and W.B.Todd, Oxford: Oxford University
Press. In the text quoted as WN, book number, chapter number, section number,
paragraph number.

Solow, R.M. (1956) ‘A contribution to the theory of economic growth’, Quarterly
Journal of Economics 70:65-94.

Sraffa, P. (1960) Production of Commodities by Means of Commaodities, Cambridge:
Cambridge University Press.

88



‘ENDOGENOUS’ GROWTH MODELS

Uzawa, H. (1965) ‘Optimum technical change in an aggregate model of economic
growth’, International Economic Review 6:18-31.

Yang, X. and Borland, J. (1991) ‘A microeconomic mechanism for economic growth’,
Journal of Political Economy 99:460-82.

Young, A. (1928) ‘Increasing returns and economic progress’, Economic Journal
38:527-42.

ACKNOWLEDGEMENTS

This chapter uses some of the material contained in some earlier papers by
us on the so-called ‘new’ growth theory; see, in particular, Kurz and
Salvadori (1996, 1997a, b). We thank Antonio D’Agata, Christian Gehrke,
and Alberto Zazzaro for useful comments. Neri Salvadori gratefully
acknowledges financial support from MURST (the Italian Ministry of
University and Technological and Scientific Research) and CNR (the Italian
National Research Council).

89



5

THE NON-SUBSTITUTION
THEOREM

Making good a lacuna

Heinz D.Kurz and Neri Salvadori

A non-substitution theorem is a uniqueness theorem which asserts that
under certain specified conditions an economy has one particular price
structure for each admissible value of the rate of interest. The original
formulations of the theorem assumed single production and therefore
circulating capital only (see Arrow 1951; Georgescu-Roegen 1951;
Koopmans 1951; Samuelson 1951).1 In all these formulations the rate of
interest is assumed to be at a level lower than the maximum one, which is
obtained at a wage rate equal to zero. The problem of whether the theorem
holds good when wages are zero seems never to have been investigated.
Although there is no particular economic motivation to study this situation,
it is startling that a limiting case of a theorem which has been studied so
extensively and is generally accepted in the scientific community has not
been analysed. In this chapter the lacuna is made good. We first show in
terms of a numerical example that, if wages are zero, then the theorem need
not hold. Next we show that if there exists a commodity which is
indispensable for the reproduction of all commodities, then the theorem
does apply, i.e. uniqueness of prices obtains, even if wages are zero. The
proof supplied offers also some insights into the formal structure of the
nonsubstitution theorem.

THE EXAMPLE

Consider an economy with only one primary factor, labour, no joint
production, and constant returns to scale, in which two goods, called
‘wheat” and ‘iron’, are produced. Both goods are taken to serve as means of
production and as consumption goods. The rate of interest is assumed to be
equal to unity, while the growth rate is smaller than unity. There exist two
processes to produce wheat and two processes to produce iron; the
production conditions of these processes are summarized in Table 5.1.
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Table 5.1 The input-output conditions

Marterial inpur Output
Process Whear fron Labour Wheat fron
(1) 1 - 2 - 2 _
03] 3 4 24 - - 12
3) 2 1 6 - 6 -
“4) - 1 2 - - 2

In standard notation, the price vector p and the intensity vector x will be
determined jointly with the wage rate w by the system

[B-(1+r)Alp=wl (1.2)
XT[B-(1+r)A]lp=wxTl (1.2)
XT[B-(1+g)A]=dT (1.3)
X'[B-(1+g)A]p=dTp (1.4)
p=0, x=0, w=0, q"p=1 (1.5)

where A is the material input matrix, | is the labour input vector, B is the
output matrix, d=0 is the consumption vector, r is the rate of interest, and g
is the uniform rate of growth. Inequality (1.1) implies that no process is
able to pay (extra) profits. Equation (1.2) implies, also because of
inequalities (1.5), that, if a process is not able to pay the given rate of
interest, it is not operated. Inequality (1.3) implies that the total demand
(consumption and gross investment) is satisfied.2 Equation (1.4), also
because of inequalities (1.5), is the rule of free goods: overproduced
commodities fetch a zero price. Equation (1.5) fixes the numeraire, where q
is any given semi-positive vector.

If the interest rate equals 1, it is possible to operate alternatively either
processes (1, 2), processes (1, 4), or processes (3, 4). In all cases the wage
rate is equal to zero. If wheat is chosen as numeraire, i.e. if q equals the
first unit vector, then the price of iron equals 3/2 in the first alternative, 1 in
the third alternative, and can assume any value between 1 and 3/2 in the
second alternative. Whichever of the above-mentioned pairs of processes
are operated, the determined prices are such that no process is able to pay
profits, i.e. inequality (1.1) holds. Moreover, each of the above-mentioned
pairs of processes can be operated in such a way as to fulfil demand,
whatever is the growth rate g<r and whatever are the proportions in which
wheat and iron are consumed (i.e. prices are independent of the rate of
growth and of consumption demand whichever technique is chosen).
However, prices are not uniquely determined. (If, on the contrary, both
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processes (2, 3) are operated, then the prices so determined do not satisfy
inequality (1.1) and the wage rate is negative.)

THE NON-SUBSTITUTION THEOREM RESTATED

Let (p*, w*, x*) and (p°, w°, x°) be two solutions to system (1) for a given
r. (The two solutions need not be calculated for the same scalar g=0 and
the same vector d>0.) The non-substitution theorem asserts that p*=p° and
w*=w°. If d is semi-positive but not positive, the theorem asserts that the
prices of commodities that are produced are the same in both solutions.
Prices of commodities that are not produced may vary in a range. We need
the following definitions.

Let (A*, B*, I*) and (A°, B®, I°) be obtained from (A, B, I) by deleting
the rows corresponding to zero elements of vectors x* and x°, respectively.
Since single production holds, each row of matrix B can be considered a
unit vector and therefore we can arrange processes in such a way that B*=

°=l. In the following we will refer to the set of processes defined by
matrix A* and vector I* (B*=I) as technique (A*, I*). Similarly for
technique (A°, 1°). We say that commodity j enters directly into the
production of commodity i in technique (A*, I*) if and only if e A*e; >
0. Similarly, we say that commodity j enters directly or indirectly into the
production of commodity i in technique (A*, I*) if and only if

el (A*+ A*? + .. + A¥"e; >0

where n is the number of commodities involved. A basic commodity of
technique (A*, I*) is a commodity which enters directly or indirectly into
the production of all commodities in technique (A*, I*), i.e. commodity j is
basic for technique (A*, I*) if and only if

(A*+A* 2+ +A*")e>0
Similarly, we say that labour enters directly or indirectly into the
production of all commaodities in technique (A*, 1*) if and only if

(I+A*+.. . +A* 1) [*>0

Then we can state the following theorem.

Theorem 1. Let (p*, w*, x*) and (p°, w°, X°) be two solutions to system
(1) for a given r and let (A*, 1*) and (A°, I°) be the corresponding
techniques. If labour enters directly or indirectly into the production of all
commodities in both techniques and there is a commodity j which is basic
for both techniques, then w*=w° and p*=p°.

Proof. Assume first that w*>w® (=0). Since

p*=(1+r) A*p*+w*I*=w*I*+w* (1+r)A*[*+(1+r)2A*2p*
we obtain by iteration that
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P*=W*[I*+(1+r)A*I*+(1+r)2A*2 >+, +(1+r) A**+. ]

The above series is increasing and bounded, hence it is convergent. As a
consequence

i A RIx —
tl_l)gl (1+F)A 1*=0 (2)
If vector I* is positive, then equality (2) implies that
: TAxt _
,l_l,gl (1+rnA*¥ =0 3)

If vector I* has some zero elements, we obtain from equality (2) that
lim [(1 + DA + (1 + DAS* + .+ [(1+ DA™ 1%
—

=nlim [(1 + NA*]1* =0
t—

which implies equality (3), since
*+(1+n)A*1*+.. +[(1+r) A*]U*>0
Equality (3) ensures that matrix [1-(1+r)A*] is invertible and that its inverse
is semi-positive. Moreover, since p° and we satisfy inequality (1.1),
[1-(L+r)A*]p°=wel*
which, premultiplied by qT[1-(1+r)A*]-1=0T, gives

1=q"p° = woq'[I — (1 + NA*] ¥ = 5

W*
Hence a contradiction is obtained and therefore w*=w®°. A similar argu-
ment proves that w°=w*. Hence
w*=w° (4)
With no loss of generality assume that the commodity that is basic for
both techniques is commodity 1 (i.e. j=1). Then take the numeraire to

consist of commodity 1 only, i.e. g=e,, and introduce the following
partitions:

p L [ EL e [ [
* — — * — —_

A - D*F* a'A_' DOFO ’p - y* ’p_' yo

where the B’s are scalars, the C’s are row vectors, and the D’s are column
vectors. Then

[1-(1+1)F*]y° = (1+r) D*+wel* (5.1)

[I-(A+n)F°ly*=(1+r)D°+w*I° (5.2)
where
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[1-(L+r)F*]y*=(L1+r) D*+w*I*:=m*=0 (6.1)
[1-(1+1)F°]y°=(1+r)D°+W°1°:=m°=0 (6.2)

Then, by applying to F*, y*, m* and to F°, y°, m° the same procedure as
applied above to A*, p*, w*I*, taking into account that m*=(1+r)D* and
m°=(1+ r)D° and therefore

m*+(1+r)F*m*+.. +[(1+r)F*]~m*>0
me+(1+r)F°m°+.. . +[(1+r)F°]tm°>0

we obtain that matrices [I-(1+r)F*] and [I-(1+r)F°] are invertible and their
inverses are semi-positive. Finally, we obtain from inequalities (5.1-2),
taking into account equations (6.1-2) and (4), that

y*sy°sy*
In the example of the previous section the assumption that there exists a
commodity that is basic for all competitively viable techniques is not met.
In fact, in technique (1, 2) wheat is basic, but iron is not, whereas in

technique (3, 4) iron is basic, but wheat is not. Moreover, in technique (1,
4) no commodity is basic.

NOTES

1 For a summary statement on non-substitution theorems without and with fixed
capital, in conditions of stationary or quasi-stationary states of the economy, see von
Weizsécker (1971:1, 11) and Salvadori (1987).

2 If x is the vector of the intensities of operation of the different processes at time t,
then (1+g)x is the vector of the intensities of operation at time t+1.
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POSTSCRIPT

Above we have reprinted our paper as it was published in 1994. The results
presented there are correct and correctly stated, but there is a small slip in
the introduction. Moreover, further work has convinced us that the
presentation could have been simpler and more precise if we had been more
concerned about the distinction between the following two expressions: ‘a
commodity (or labour) entering directly or indirectly into the production of
all commodities’ as opposed to ‘a commodity (or labour) indispensable for
the reproduction of all commaodities’.

With respect to a technology (A, 1, 1) consisting of n processes and
involving n commodities (i.e. a technique) we say that ‘commodity j
(labour) enters directly or indirectly into the production of all commaodities’
if and only if for each i either a;>0 (1>0) or there is a sequence of z €
N indices i, i,..., i, such that

a;; g, - - - Qi j > 0 (ai,-lail,-z e a,‘HZlZ > O)

It is then proved that it is always possible to assume that 1=z=n-1 and
therefore commodity j (labour) enters directly or indirectly into the
production of all commodities if and only if

(A+A%+.. +AMe>0 ((I+A+...+AM)1>0) @)

With respect to a technology (A, B, ) consisting of m processes and
involving n (m=n) commaodities all of which are producible (Be;=0 each j)
we say that ‘commodity j (labour) is indispensable for the reproduction of
all commodities’ if and only if

(Ut (B-A)=0T, u=0)=uTAe>0 ((u"(B-A)=0T, u=0)=uTl>0) (8)

Although the two concepts originated in two different pieces of literature
(the former was introduced by Sraffa (1960), the latter in connection with
the von Neumann growth model), they have often been regarded as
substantially amounting to the same thing. But they are different! In fact,
implications (8) are satisfied also if there is no vector u such that
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uT(B-A)=0T, u=0

That is, implications (8) also hold if the economy is not viable. On the
contrary, inequalities (7) depend only on the distribution of zeroes and are
totally independent from the viability of the economy.

The paper here reprinted correctly referred to the direct or indirect
entering into the production of all commodities in the statements to be
proved and in the proofs, but it incorrectly (and inconsistently) referred to
the indispensability to reproduction of all commaodities in the introduction.
Moreover, the direct or indirect entering into the production of all
commodities was defined with respect to single techniques, as usual, and
not with respect to the whole technology. This drove the authors (and the
readers) to some unnecessary complication. We want to take the
opportunity of this reprint to clarify all these aspects.

First of all we need a definition of ‘a commaodity (or labour) entering
directly or indirectly into the production of all commodities’” which can also
be used in reference to a set of processes larger in number than the set of
commodities involved. In order to do so let us first prove that the following
Proposition 1 holds. Then it will be obvious to define with respect to a
technology (A, B, I) consisting of m processes and involving n (m=n)
commodities all of which are producible that ‘commodity j (labour) always
enters directly or indirectly into the production of commodity i’ if and only
if for each €>0.

u'(B—cA)zel, uzZ0)=u"Ae;>0 (W' (B—cA)=el, u=0)=u"l1> 0)

Proposition 1. With respect to a technology (A, I, 1) consisting of n
processes and involving n commodities:

(a) The inequality eT(A + A% + ... + A”)e; > 0 holds if and only if for
each €0

('@ —eA) = e}, u=0) = u'Ae; >0 9)
(b) The inequality ef(I + A + ...+ A" )l > 0 holds if and only if for
each €0
WI-eA)ze,uz0)=>u’l>0
Proof. If € is so large that there is no u such that
vd-cA)zel,uz=o0 (10)

then implication (9) holds for that e. In order to prove the ‘only if’” part of
statement (a), let € be such that inequalities (10) have a solution and let u*
be one of such solutions. Let €' be positive, not larger than €, and in any
case so small that the matrix (I-¢'A) is invertible and (I-¢'A)1=0. Then we
have
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I — (e — eHAI — €A) ' =u*T[I — e’A — (e — eHAJd — €'A) " =
el — e’A)7!
Then, taking account of the fact that

(I—¢eA)"!=1lim i (e'A)

s =0

we obtain
n—1
wrAe = el((I — e'A) 'Ae; = el X (e'A)Ae; > 0
t=0

This completes the proof of the ‘only if” part of statement (a). If implication
(9) holds for each €>0, than it holds for a positive € so small that
inequalities (10) hold. The Ae,=0. If e] Ae,; > 0 then

ef(A+A%+. . +A%e>0 (11)

If e,TAej = 0, then by appropriate interchange applied to both rows and
columns of matrix A and to vectors e, and e which become matrix C and
vectors e, and e,, respectively, let

0
Cek = [y]

where y>0.

[UI]T[I _8C11 _8C12 ] _ [eh]T

1) 53 _£C21 | _€C22 0
Since uTCe, need to be positive, uly > 0 u% = ¢, and C,,=0. Hence
(I+C)Ce,
has a number of positive elements larger than Ce,, i.e.

(A+A2)g,

has a number of positive elements larger than Ae,. If e7(A + A%e; > 0, then
inequality (11) holds. If e](A + A%e; = 0 , the same procedure can be
applied until we obtain that inequality (11) holds. This completes the proof
of the ‘if” part of the statement (a). Statement (b) is proved in an analogous
way.

Then we can make use of a definition given above, which for simplicity is
repeated here: we define with respect to a technology (A, B, I) consisting of
m processes and involving n (n=m) commodities all of which are
producible that ‘commodity j (labour) always enters directly or indirectly
into the production of all commaodities’ if and only if for each >0
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(UT(B-eA)=0, u=0)=uTAe;>0 ((u(B-eA)=0, u=0)=uTl>0)
Now, theorem 1 above can be stated as

Theorem 1*. Let (p*, w*, x*) and (p°, w°, x°) be two solutions to system
(1) for a given r. If labour always enters directly or indirectly into the
production of all commodities and there is a commodity j which always
enters directly or indirectly into the production of all commaodities, then w*
=w° and p*=p°.

The proof of theorem 1* can go as the proof of theorem 1 once some minor
obvious changes are carried out. We want just to provide two remarks. The
former is an alternative proof of the fact that the square matrix [I-(1+r)A*]
is invertible and its inverse is semi-positive. Let 0< e<1+r be so small that
the square matrix (I-eA*) is invertible and its inverse is semi-positive. If
e<+r, whatever is i,

eil —eA®) ' =07

and

el(I — eA*) \(I — eA*) = 07

Hence, whatever is i, eZ(I — eA*)"!I* > 0 , since labour always enters
directly or indirectly into the production of all commodities. Then from the
equation

p*=(1+r)A*p*+W*|*

we obtain that
[I-(1+r-)(1-eA®)LA*]p*=w*(I-eA*)-1* (>0)

Therefore the square matrix [I-(1+r*-g)(I-eA*)tA*] is invertible and its
inverse is semi-positive because of a well known theorem (see, for instance,
Kurz and Salvadori 1995:510-11, Theorem A.3.1). Finally, since
[I-(1+n)A*]=(1-eA*)[1-(1+r-g)(1-eA*)1A*]

we obtain that the square matrix [I-(1+r)A*] is invertible and its inverse is
semi-positive.

The second remark concerns the proof of the fact that if

(IHA*+. +A* 1) A*e >0
then
(H+F*+. . +F*1)D*>0
This fact is considered obvious in the reprinted paper, but one reader has
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privately pointed out to one of us that it is not so obvious. Since other
readers may be stopped by this (missing) proof we take the opportunity to
remark that this proof is a consequence of the fact that if

*la - o
Are = [(BOI +BFF 4.+ B,_IF*’_I)D*]

where a and the 3’s are non-negative scalars, then
*I+1 - Y ]
ATTe [(801 + 8. F* + ... + 8 F*)D*
where vy and the &’s are also non-negative scalars.
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6

SRAFFA, MARSHALL AND THE
PROBLEM OF RETURNS

Carlo Panico and Neri Salvadori

In the preface to Production of Commodities by Means of Commodities
Sraffa claimed that he had not introduced any assumption on returns in that
book since it was not concerned with changes either in the scale of
production or in the proportions with which the ‘factors of production’ are
employed. The effects of these changes on the costs of production were
instead at the centre of the stage in his 1920s critique of Marshall’s supply
functions. The objective of his long 1925 essay, published in Italian in
Annali di Economia and briefly summarized at the start of his 1926 article
in the Economic Journal,! was to examine the ability of Marshall’s
competitive partial analysis to provide an adequate treatment of the relevant
connection between costs and quantities.

The aim of this chapter is to point out the existence of some links
between Sraffa’s 1920s critique and Production of Commodities. It moves
along the lines set by those authors who have argued ‘that it is necessary to
view the latter against the background of the former’ (Maneschi 1986:10 n.
2),2 and does not intend to deny the “classical’ derivation of Sraffa’s theory
of value and distribution.3

With respect to these authors, this chapter points out the existence of
some neglected links between the mentioned contributions published by
Sraffa in different periods of his life. It argues that the content of the 1920s
critique can justify the lack of reference in 1960 to the analysis of the firm,*
clarify Sraffa’s views on the determinants of variable returns,s and explain
some origins of the method based on the assumption of ‘given quantities’
which characterizes Production of Commodities.

The chapter is in six sections. The next deals with some aspects of the
chronological development of Sraffa’s work in the second half of the
1920s. The third section (pp. 105-7) emphasizes that the 1960 choice to
examine the costs of the industries at a given level of production, without
referring to the cost curves of the representative firms, can be justified on
the basis of the 1920s study of the long-period relation between costs and
quantities. This chapter shows that to deal with the costs of the industry at
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different levels of production it is sufficient to indicate how changes in the
quantity produced by the industry affect the minimum average costs of the
representative firm. The fourth section (pp. 107-13) reconsiders the
determinants of variable returns in the 1920s critique, confirming that in
Production of Commaodities Sraffa held the same view on this topic. The
fifth (pp. 113-16) deals with the interdependence among sectors, arguing
that the method of ‘given quantities’ originated in the critique of Marshall’s
approach. Finally, the last section summarizes the chapter and draws some
conclusions.

THE CHRONOLOGICAL DEVELOPMENT OF SRAFFA’S
WORK IN THE SECOND HALF OF THE 1920s

The time distance between the elaboration of Sraffa’s analyses in the 1920s
and in his 1960 book cannot be defined by the three decades separating
their dates of publication. The actual time is much shorter.6 Sraffa himself
in the preface to Production of Commodities recalls

the disproportionate length of time over which so short a work has
been in preparation. Whilst the central propositions had taken shape
in the late 1920s, particular points, such as the Standard commodity,
joint products and fixed capital, were worked out in the ’thirties and
early ’forties. In the period since 1955, while these pages were being
put together out of a mass of old notes, little was added, apart from
filling gaps which had become apparent in the process.

(Sraffa 1960:vi)

The ‘central propositions’ of Production of Commodities were thus
elaborated shortly after writing the article published in December 1926 in
the Economic Journal. This article was written during summer 1926,” while
an early draft of Production of Commodities was discussed with Keynes
shortly after Sraffa’s arrival in Cambridge for the academic year 1927-8.8
Beside showing that the central propositions of Production of
Commodities were elaborated before Sraffa’s appointment in 1930 as editor
of the Works and Correspondence of David Ricardo, the available evidence
on the chronological development of Sraffa’s thought in those years also
raises another problem in relation to Sraffa’s interpretation of Ricardo’s
work. In 1925 Sraffa seemed to accept Marshall’s idea® that for Ricardo the
majority of commodities exchanged daily in the market are produced at
constant costs.1 This interpretation is in contrast with the opening
sentences of the preface to Production of Commodities, where it is stated
that the method based on the assumption of ‘given quantities’ ‘is that of the
old classical economists from Adam Smith to Ricardo, [which] has been
submerged and forgotten since the advent of the “marginal” method’
(Sraffa 1960:v). On the basis of the available evidence, it is difficult to state
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when Sraffa reached this new position. In this respect, the preface to
Production of Commodities only clarifies that in the draft of the opening
propositions of this book, discussed with Keynes, Sraffa had already
avoided ‘the temptation to presuppose constant returns’ and had based his
analysis on the assumption of ‘given quantities’.1t

The temptation to presuppose constant returns is not entirely fanciful.
It was experienced by the author himself when he started on these
studies many years ago—and it led him in 1925 into an attempt to
argue that only the case of constant returns was generally consistent
with the premises of economic theory. And what is more, when in
1928 Lord Keynes read a draft of the opening propositions of this
paper, he recommended that, if constant returns were not to be
assumed, an emphatic warning to that effect should be given.

(Sraffa 1960:vi)

In conclusion, while nothing can presently be said on the chronological
development in those years of Sraffa’s interpretation of the theory of value
of Ricardo and of the classical economists, the limited evidence available
makes it possible to state three points. First, Sraffa’s last attempt to argue
that only constant returns are generally consistent with the premisses of
economic theory was made in 1925-6. Second, the central propositions of
Production of Commodities were elaborated shortly after writing the 1926
article in the Economic Journal. Third, the method based on ‘given
quantities” was introduced in his analysis by the same time, that is, before
he was appointed as the editor of the Works and Correspondence of David
Ricardo in 1930.

THE ANALYSIS OF THE FIRM IN THE 1920s AND IN 1960

In Production of Commodities the theory of prices does not move from an
analysis of the firm. Price determination is concerned directly with the
technical conditions prevailing in the industry at a given level of production
and is not derived from an aggregation of firms’ behaviour. In this respect
the book only assumes that producers’ choices are based on minimization
of unit costs: ‘At any given level of the general rate of profits, the method
that produces at a lower price is of course the most profitable... for a
producer who builds a new plant’ (Sraffa 1960:81).22 In contrast to this, the
1920s critique of Marshall’s supply functions considers the conditions of
production of the industry as the result of its firms’ behaviour. The passage
from individual behaviour to the collective curve is seen as

the main problem in the study of an industry in conditions of free
competition, in which the general equilibrium is the result of the
series of individual equilibria which the competitive firms must reach
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independently of one another. To show clearly these relations between
the individual and the industrial collectivity, it is necessary to
reconstruct the passage from the individual supply curve to the
collective curve.

(Sraffa 1925:300; ER’s translation p. 21)

The analysis moves from the introduction of the average and marginal cost
curves of the representative firm. These curves refer to ‘the conditions of a
single firm only in a given state of the industry’ defined by ‘the quantity
produced collectively” (Sraffa 1925:313; ER’s translation p. 31) from that
industry: the position of the average cost curve and its minimum level
depend on the quantity produced by the industry and may vary with it.

This curve presupposes, among its conditions, that the industry as a
whole produces a fixed quantity. With the variation of this quantity,
the form of the individual curve may be modified, since it is supposed
that the conditions of production of the individual firms that compose
the industry are not independent of one another.

(Sraffa 1925:309; ER’s translation pp. 28-9)

In a long-period competitive analysis, it is assumed that ‘the firm will
simply receive reimbursement of expenses, without any producer’s rent
being left over’ (Sraffa 1925:311-12; ER’s translation p. 30). As a
consequence, for each level of production of the industry, the minimum
average costs represent for the firms their only long-period equilibrium
positions and the only points of their individual cost curves entering the
construction of the collective supply curve.

Under these conditions, the collective supply function must be formed
in the following manner. Since each individual curve shows, in
general, only one point of possible stable equilibrium for each
quantity produced collectively, only these points would figure in the
composition of the collective curve. All the others...represent
conditions that would be realised only with the failure of the assumed
perfect competition.

(Sraffa 1925:313; ER’s translation pp. 32-3)

This analysis of the supply curve can be presented in formal terms by
specifying the average cost of the representative firm, ac, as a function of
the quantity produced by the firm, q, and of the quantity produced by the
industry, x, and by denoting with p the price of the commodity and with
H(x) the (collective) supply function of the industry.

ac =h(q, x)
p = min h(g, x) = H(x)
q

The trend of the supply curve depends on how changes in x influence the
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minimum average costs of the representative firm. If these costs are
constant when x changes, the collective supply curve will be horizontal. If
they decrease (rise), the supply curve will be decreasing (rising).

Sraffa (1925) follows explicitly the above procedure for the case of
decreasing costs (increasing returns). For the case of increasing costs
(decreasing returns) Sraffa focuses instead on the increase in the rent
determined by the increase in quantity produced by the isolated industry.
This rent is calculated by considering ‘the whole industry as a single firm
which employs the whole of the “constant factor”, and employs successive
doses of the other factors in the amounts necessary to bring production to
the requested level’t? (Sraffa 1925:300; ER’s translation p. 21). The
emergence of this larger rent causes a shift in the average cost curve of the
representative firm in the same way as the emergence of a ‘fixed cost’
would do. The use of this procedure, which is explicitly recalled by the
graphical exposition of Viner (1931), confirms that the minimum average
costs of the representative firm are the only points of the individual cost
curves entering the construction of the collective supply curve and that the
trend of the supply function always depends on how changes in the quantity
produced by the industry affect the minimum average cost of the
representative firm.

To sum up, the study of the long-period relation between costs and
quantities, presented in the 1920s critique of Marshallian supply functions,
shows that, in order to deal with the costs of the industry at different levels
of production, it is sufficient to indicate how changes in the quantity
produced by the industry affect the minimum average costs of the
representative firm. This means that in order to analyse the long-period
conditions of production of the industry, it is possible to refer to the firm
only to recall that average costs are minimized. This conclusion can be seen
as that followed in Production of Commodities, where the costs of all the
industries at given levels of their production are examined by indicating the
minimum average costs borne by the ‘producer who builds a new plant’,
without referring to the cost curves of the representative firms.

DETERMINANTS OF VARIABLE RETURNS IN THE
1920s AND IN 1960

A close investigation of the 1920s critique of Marshall’s analysis and of
Production of Commodities clarifies that Sraffa presented in them the same
determinants of variable returns.1 That is, he based his analysis on the
same factors as those of the analysis of the relationship between produced
quantities and prices,*s which was in the centre of the stage in the 1920s and
is occasionally mentioned in 1960.16

The most detailed treatment of this point was presented in the 1925
Italian article in Annali di Economia, where he stated that variable returns
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are determined either by changes in the scale of production or by changes
in the proportions with which “factors of production’ are employed.

The same position was presented in Production of Commodities where—
precisely in the passage in which he declared his intention to avoid the
treatment of variable returns—Sraffa explicitly confirmed that variable
returns can be determined either by changes in the scale of production or by
changes in the proportions in which different means of production are
employed by an industry.

Anyone accustomed to think in terms of the equilibrium of demand
and supply may be inclined, on reading these pages, to suppose that
the argument rests on the tacit assumption of constant returns in all
industries. If such a supposition is found helpful, there is no harm in
the reader’s adopting it as a temporary working hypothesis. In fact,
however, no such assumption is made. No changes in output and (at
any rate in Parts | and Il) no changes in the proportions in which
different means of production are used by an industry are considered,
so that no question arises as to the variation or constancy of returns.
The investigation is concerned exclusively with such properties of an
economic system as do not depend on changes in the scale of
production or in the proportion of ‘factors’.

(Sraffa 1960:v; emphasis added)

In 1925 Sraffa presented his analysis by dealing first with the determinants
of diminishing returns and increasing costs, arguing that these returns are
uniquely determined by the presence of a ‘constant factor’ and, as a
consequence, by changes in the proportions with which ‘factors of
production’ are employed in the industry under consideration. He referred
to the case of agriculture and was mainly concerned with the occurrence of
‘extensive margins’, although ‘intensive margins’ were not neglected. His
analysis developed as follows:

When, having spent an annual sum on the cultivation of a given land,
and wishing to spend another thousand lire, reference to the
agricultural technology will indicate not only one way but a whole
series of different ways, A, B, C, D,...in which it is technically
possible to spend the additional 1,000 lire..., or any combination of
these. In addition, the technology will determine that by spending the
1,000 lire on method A a product x, will be obtained, by spending the
1,000 lire on method B, a product x,, etc. Beyond this point the farmer
will no longer be guided by technology, and he will select, on the
economic criterion the method which will give him the largest product
from the methods of using the 1,000 lire. This choice is already, in
itself, a long way from agricultural technology, and it will be even
further from it if x,, x,...are quantities of heterogeneous products that
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to be compared must be reduced to the common standard of their
value.

(Sraffa 1925:289-90; ER’s translation p. 12)

The analytical procedure contained in this passage can be described
through a diagram, as shown in Figure 6.1, where the value of the variable
factors is represented on the horizontal axis and the value of the product is
represented on the vertical axis.t” The best choice for the farmer is that
relative to alternative B, until it can be utilized. Thereafter, Sraffa
continues, some change in the method of production becomes necessary.

If, subsequently it is decided to spend another 1,000 lire the choice
will be restricted. There will no longer be either method B, or those
methods among the others that are incompatible with B, that is that
can no longer be used when B is used. This will leave the choice, let
us say, between methods A, C, D,...each of which in the preceding
conditions (when the 1,000 lire had not yet been spent on B), would
have given a product less than, or, at best, equal to that of B. If, in the
current conditions, after having spent 1,000 lire on B, the productivity

. . c

lire lire

A \

Dl

P
P P

lire lire
Figures 6.1 and 6.2
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of these methods is unchanged (which is the case when they are
perfectly independent of the use of method B), it is clear that the
second 1,000 lire will give a product less than the first 1,000 lire,
since the producer has chosen and has acted in precisely such a way
as to make this happen.

(Sraffa 1925:290; ER’s translation pp. 12-13)

The analytical procedure described in this passage too can be presented
through a diagram, as shown in Figure 6.2, where the occurrence of
‘intensive margins’ is also taken into account. In Figure 6.2 the processes
A, C, D move from the point where process B, owing to the scarcity of the
quality of land that it uses, is exhausted. New processes C' and D' are
parallel to the old processes C and D, since they use a quality of land which
was not used by process B (extensive margin). These new processes are,
therefore, independent of the use of B. New process A’, instead, employs
the same quality of land as process B. Its use is not independent of that of B
and can be put in operation only by reducing the latter and making
available a corresponding part of that quality of land (intensive margin).®
Its terminal point in the diagram is consequently the same as that of the old
process A.

This description of the determinants of decreasing returns is
characterized by three elements. The first is the scarcity of the land (the
‘constant factor’), i.e. the presence of a factor that is in short supply
because it cannot be increased. The second is the existence of more than
one method of production owing to the presence of this ‘constant factor’.
The third is the producer’s maximizing activity that employs the available
methods of production in such a way as to make the marginal returns of the
variable factors decreasing.

Diminishing returns must of necessity occur because it will be the
producer himself who, for his own benefit, will arrange the doses of
the factors and the methods of use in a decreasing order, going from
the most favourable ones to the most ineffective, and he will start
production with the best combinations, resorting little by little, as
these are exhausted, to the worst ones.

(Sraffa 1925:288; ER’s translation p. 11)

Sraffa emphasized this third element by discussing at length Wicksteed’s
distinction between ‘spurious’ and ‘genuine’ margins.1®

The same treatment of diminishing returns is adopted in Production of
Commodities, where he referred to changes in the proportions in which
different means of production are employed by an industry, emphasizing
the role played by the scarcity of land, by the emergence of more than one
method of production, and by the producer’s maximizing activity.

While the scarcity of land thus provides the background from which
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rent arises, the only evidence of this scarcity to be found in the
process of production is the duality of methods: if there were no
scarcity, only one method, the cheapest, would be used on the land
and there could be no rent.

(Sraffa 1960: p. 76)

The treatment of diminishing returns represents the only part of Production
of Commodities where Sraffa examined variations in the quantities
produced and thus the relationship between quantities and prices.2 In the
chapter on land he examined the emergence of ‘extensive rent” (section 86),
of ‘intensive rent’ (section 87), and of the problem of multiplicity of
agricultural products (section 89) as the result of a process of diminishing
returns, showing how, in line with what he had argued in 1925, a
progressive increase of production on land leads to the gradual introduction
of different methods of production. In section 88 the working of this
process was described in detail for the case of ‘intensive’ margins, which he
considered ‘less obvious’ (Sraffa 1960:76) than the case of ‘extensive’
margins. Its application to the case of ‘extensive’ diminishing returns
was instead not described, since it can be ‘readily recognized’ (Sraffa
1960:76).

From this standpoint the existence side by side of two methods can be
regarded as a phase in the course of a progressive increase of
production on the land. The increase takes place through the gradual
extension of the method that produces more corn at a higher unit cost,
at the expense of the method that produces less. As soon as the former
method has extended to the whole area, the rent rises to the point
where a third method which produces still more corn at a still higher
cost can be introduced to take the place of the method that has just
been superseded. Thus the stage is set for a new phase of increase in
production through the gradual extension of the third method at the
expense of the intermediate one. In this way the output may increase
continuously, although the methods of production are changed
spasmodically.

(Sraffa 1960:76, emphasis added)2

The analysis of this passage confirms that in his 1960 book Sraffa
emphasized the role of the scarcity of the ‘constant factor’, of the
emergence of different methods of production, and of producers’
maximizing activities in the analysis of the determinants of diminishing
returns. The latter element, besides, was also recalled in the preface to the
1960 book through the reference to Wicksteed’s distinction between
‘genuine’ and ‘spurious’ margins.

Thus there seems to be sufficient evidence for claiming that in
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Production of Commodities Sraffa examined the determinants of
diminishing returns essentially in the same way as in 1925.

In a subsequent section of his 1925 article Sraffa completed the analysis
of variable returns by considering the determinants of increasing returns
(decreasing costs). In this analysis he stressed the role of economies of
scale, arguing that these returns cannot be derived from changes in the
proportions in which the factors of production are employed in the industry
under consideration. The existence of a ‘constant factor’, that is, of a factor
that cannot be increased (but can be reduced), does not generate increasing
marginal returns of the ‘variable factors’ employed in production, unless
we also assume that the ‘constant factor’ is indivisible. The occurrence of
increasing marginal returns of the ‘variable factors’ would imply that the
marginal returns of the ‘constant factor’ are negative, so that ‘the best way
of using a further dose of [it] would be, precisely, not to use it” (Sraffa
1925:287, ER’s translation p. 9).2

For Sraffa (1925), then, increasing returns can only be derived from
changes in the scale of production of the industry under consideration.
Besides, he emphasized that these returns can only be determined by the
occurrence of economies of scale external to the firm. Economies of scale
internal to the firm are to be excluded from the determinants of these
returns, since their occurrence would make impossible, as Marshall
recognized, the maintenance of the assumption of competitive markets.

It is clear that, if a firm can decrease its costs without limits by
increasing production, it would continue to reduce the selling price
until it had acquired the whole market. We would then have
abandoned the hypothesis of competition. We will, therefore, stop to
analyse such cases.

(Sraffa 1925:303-4, ER’s translation p. 24)

In Production of Commodities Sraffa made no explicit reference to the
determinants of increasing returns or to the distinction between internal
and external economies. Yet, besides referring to changes in the proportions
in which different means of production are employed by an industry as
determinants of decreasing returns, he claimed that variable returns are also
determined by changes in the scale of production. This statement can be
seen as an implicit reference to economies of scale as determinants of
increasing returns, economies of scale that are to be considered external to
the firm, owing to the assumption in Production of Commodities of
competitive markets and a uniform rate of profits,2 and owing to the fact
that in the analysis of switches in methods of production developed in Part
Il of his book it is assumed that unit cost minimization by the firms is
operated at given gross produced quantities by all industries.

Thus, in spite of the limited space devoted to this subject, it is possible to
claim that in 1960 Sraffa maintained, on the determinants of both kinds of
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returns, the same view as that held in his 1920s critique of Marshall’s
supply functions.

INTERDEPENDENCE AND THE ASSUMPTION
OF GIVEN QUANTITIES

In Production of Commodities the analysis of interdependence among the
costs of production of different sectors is carried out by assuming as given
the quantities produced by all industries. Sraffa was very accurate,
throughout his book, in maintaining this assumption, even at the cost, on
some occasions, of obscuring the exposition. The only exception, as
mentioned above, was made in section 88, in the chapter mentioned, on land,
where the maintenance of this assumption makes it difficult to perceive the
emergence of rent as the result of a process of diminishing returns. To avoid
this confusion, Sraffa described the connection ‘between the employment of
two methods of producing corn on land of a single quality and a process of
“intensive” diminishing returns’ (Sraffa 1960:76). He examined the effects
on the costs of production of a change in the gross quantity produced by the
corn industry on land of a single quality, by assuming, at the same time, that
the gross quantities produced by the other industries and the methods of
production used by them are unchanged. The change in the quantity
produced by the corn industry implies a more intensive use of land and the
occurrence of diminishing returns through the gradual extension of the use of
the method that produces more corn at a higher unit cost, ‘the cost being
calculated at the ruling levels of the rate of profits, wages and prices’ (ibid.:
75). The variation in the price of corn (and in the prices of the other
commodities, if any, produced on the same quality of land?4) may in turn feed
back, owing to the interdependence with the costs of production of the other
industries, on the prices of other commodities, causing further changes in the
methods of production used to0o.2

The way Sraffa analysed variable returns in Production of Commaodities
resembles the approach that, according to Joan Robinson (1941), was used
by Marshall in his analysis of supply functions. This approach, which Joan
Robinson considered ‘queer’ and ‘artificial’ (Robinson 1941:36), was
different, according to her, from that adopted by Hicks in Value and
Capital. It was based on an ‘ad hoc’ change in the produced quantities of
the different industries, that is, on the assumption that the quantity
produced by one industry varies while the quantities produced by all other
industries remain constant.

This change, Joan Robinson says, is not the result of a new general
equilibrium, generated, for instance, by a variation in consumers’
preferences, and is always able by assumption to call forth an increase in
the ‘factors of production’, apart from land, employed in increasing the
supply of the commaodity under consideration.
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Marshall’s analysis...seems most often to be discussing the problem
of the change in the supply of a particular commodity which occurs...
[when the] demand for one commodity increases, but the demand for
the rest does not decline. The additional factors, apart from land,
employed in increasing the supply of the commodity are called into
existence by the increase in demand.

(Robinson 1941:35)

A similar procedure is presented in the 1920s critique of Marshall’s supply
functions too. This critique essentially regards the legitimacy of the ceteris
paribus assumption in the treatment of these functions and the failure of
this approach to deal adequately with interdependence among the costs of
production of different sectors. Since a detailed analysis of this point has
been provided by one of the authors of the present chapter (Panico 1991), a
few remarks will suffice here.

To evaluate up to which point mutual interdependence can be
disregarded and the ceteris paribus assumption of partial analysis can
legitimately be made, Sraffa’s 1920s analysis defined a criterion based on a
distinction between two ways in which mutual interdependence can operate
when a change in the quantity produced by the isolated industry, call it xj,
occurs while the quantities produced by the other industries remain
constant. The first way implies that variations in x; bring about variable
returns operating directly only on the cost function of the representative
firm of the isolated industry. This leads to variations in the price of the
isolated commodity, which in turn may feed back on the price of other
industries and may cause changes in their cost functions, in the technical
processes used and in demand.2¢ These influences on other sectors are
indirect, that is, they are induced by previous changes in the price of the
isolated commodity. The second way implies that variations in x; bring
about non-constant returns operating directly on the cost function of the
representative firm of both the isolated and some other industries. This
leads to variations in prices, and to further effects on the technical
processes used and on demand.

The criterion adopted by Sraffa to evaluate the legitimacy of the ceteris
paribus assumptions stated that in partial analysis mutual interdependence
producing only indirect or feedback effects on other industries can be
disregarded. On the contrary, that operating directly also on the cost
function of the representative firm of other industries cannot be neglected.
On the basis of this criterion?’ Sraffa pointed out that in Marshall’s analysis
only two cases of non-constant supply curves are compatible with the
ceteris paribus assumption.

According to Sraffa (1925:304-7, 3267, 1926:540), decreasing supply
functions can be consistently derived on the basis of increasing returns to
scale ‘external to the firm and internal to the industry’, defined by Sraffa as
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those due to a change in the output of the isolated industry and affecting
only the cost function of its representative firm.2 In this case, variations in
x; directly affect only the cost functions of the representative firm of the
isolated industry, as required by the criterion previously defined. On the
other hand, economies of scale ‘internal to the firm” are incompatible with
perfect competition (1925:304, 1926:536-7), while economies of scale
‘external to both the firm and the industry’ affect in the same direct way the
cost functions of the representative firm of the isolated and of other
industries, making illegitimate the maintenance of the ceteris paribus
assumption (1925:326-7, 1926:540).

A consistent rising supply function can be obtained (1925:323,
1926:539) when some primary factors, different from labour and available
in a fixed and limited amount, are employed only in the isolated industry.2
In this case, an increase in X brings about a more intensive use of these
constant factors, diminishing marginal returns, and a rise in the cost
functions of the firms of the isolated industry. Mutual interdependence,
however, may occur only indirectly through feedback effects. No direct
effects on the cost functions of other industries occur. On the contrary, no
rising supply function can be consistently derived in partial analysis if the
constant primary factors are also employed in other industries (1925:323-6,
1926:539). They too would experience in this case the effects of the more
intensive use of the constant factors. Variations in x; would thus cause the
same direct effects on the cost functions of the representative firm of other
industries, contradicting the criterion established to evaluate the
consistence of partial analysis.

The existence of these two consistent cases of a non-constant supply
curve was not considered by Sraffa a satisfactory result for Marshall’s
partial analysis. On the one hand, even if there are cases in which the
industry can be defined on the basis of the set of goods employing the same
primary factor, this cannot be considered, according to Sraffa, the general
rule (1925:320, 1926:539). On the other hand, the fact that a consistent
derivation of decreasing Marshallian supply functions requires the
occurrence of economies of scale external to the firm and internal to the
industry cannot be considered a satisfactory result either, given the
admittance by Marshall himself of the exceptional occurrence of these
kinds of economies (1925:327, 1926:540).

Sraffa’s conclusion that Marshall’s approach fails to deal adequately
with the important connection between cost and quantity is thus based on
an analysis of interdependence?° similar to that presented in section 88 of
Production of Commodities. Like the latter, the 1920s critique follows
Marshall’s procedure and moves from the assumption of an ‘ad hoc’
variation in the gross produced quantity of an industry, and considers the
interdependence between the effects of this variation on the costs of
production of that industry as well as of all other industries. This similarity
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makes it possible to think that some origins of the method based on the
assumption of ‘given quantities’ can also be found in the Marshallian
tradition and in the 1920s critique that Sraffa presented against it.

SOME CONCLUSIONS AND IMPLICATIONS

On the basis of what has been said, it seems possible to conclude that some
important aspects of the development of Production of Commodities find
their origin in the Marshallian tradition as well as in the “classical’ one. The
content of Sraffa’s 1920s articles on the former tradition can justify the lack
of reference in the 1960 book to the analysis of the firm. Besides, it can
clarify his position on the determinants of variable returns and some origins
of the method based on the assumption of ‘given quantities’ which
characterizes Production of Commodities.

As has been noted above, the method based on the assumption of ‘given
quantities” was adopted by Sraffa already in a draft of his 1960 book
written before he was appointed as the editor of the Works and
Correspondence of David Ricardo in 1930. It has been argued that Sraffa
was very accurate, throughout his 1960 book, in maintaining the
assumption of ‘given quantities’. Yet, when the maintenance of this
assumption made it difficult to appreciate the content of his analysis, as
occurred in the chapter on land, he allowed for variations in the quantities
produced, following the approach used by Marshall in his analysis of
supply functions. This approach appears compatible with the theories of the
classical political economists, since in it, as Joan Robinson (1941:35-6)
also pointed out, the analysis of what causes the variations in the quantities
produced is not worked out, while labour and the other ‘variable factors’
are not necessarily fully employed.

Thus the acceptance of a Marshallian derivation of some developments
of Production of Commodities does not deny the links of Sraffa’s work with
the classical authors that the literature has clearly emphasized. It only
clarifies some aspects of Sraffa’s analysis that seem to have been
overlooked up to now, emphasizing that some features of this analysis had
been worked out before he focused attention on the reconstruction of the
theories of Ricardo and of the other classical economists.

The acceptance of this interpretation may stimulate reflections on other
aspects of Sraffa’s work related to his position on returns and on the
relationship between prices, quantities and distributive variables. It allows
one to stress the fact that the adoption of the method based on the
assumption of ‘given quantities’ is not an attempt to play down the role of
‘demand’ in the determination of prices.3t On the contrary, it can be seen as
an attempt to avoid the problems involved by the treatment of external
economies, as suggested by Sylos Labini (1989). The introduction of this
method in the draft of his book shown to Keynes soon after his arrival in
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Cambridge in 1927 can also be seen as an attempt to prevent the reader
from misinterpreting his position by stating that certain kinds of returns,
and not others, actually prevail in the economy or in some industries. This
risk of misinterpretation was recalled by Sraffa himself in a letter to Keynes
of 6 June 