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Stability in Capitalism:
Are Long-Term Positions the Problem?*

Gérard Duménil and Dominique Lévy

I - GENERAL GUIDELINES, PURPOSE, AND RESULTS

In this preliminary part, we introduce the overall argument advanced
in this study (section A), as well as a summary of the main results (section B).

A - GENERAL GUIDELINES AND PURPOSE

In subsection 1 we discuss the global characteristics of the stability
problem and the dichotomy between short and long-term analysis.
Subsection 2 deals with disequilibrium microeconomics as a requirement
for the analysis of stability. Subsection 3 focuses on investment as a source
of instability, and this discussion leads to the introduction of monetary
and financial mechanisms. *

x. The Overall stability Problem: Short-Term vs. Long-Term, and Dimension
vs. Proportions

Much attention has been devoted in economic theory to the existence
of equilibrium. Best known is the research characteristic of the Walrasian
paradigm. However, the same attitude is also evident in the work of the
classical economists. (By “classical”, we refer here to the work of Smith
and Ricardo, and extend the notion to Marx.) For example, the properties
of long-term equilibrium prices, or prices of production, have been the object
of much investigation, in single and joint production formalisms.?

The analysis of stability has been the object of far less discussion and
concern. In the Walrasian perspective stability problems were approached

* We thank Marx Grick for his aid in the translation of this text into English.

' The empirical relevance of the concept of long-term equilibrium prices was demonstrated
for the U.S. economy (and various European countries) in several studies by H. EnrBAR and
M. Grick: Rates of profit tend to gravitate around a uniform rate (cf., for example, EHRBAR
H., GLick M. 1988(a) and 1988(b), and Grick M., Exrsar H. r990.
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within the unrealistic framework of tdtonnement. Interest in the stability
of the classical long-term equilibrium, and the construction of dynamic
models, is only recent.

Before 1983, a widespread view concerning the classical analysis of
competition was that the process described by the classics (Smrra A. 1776,
Ch. 7, Ricarpo D. 1817, Ch. 4, Marx K. 1894, Ch. 10), did not work.
An unpublished paper by H. Nixamo (Nikamo H. 1977, now available
in Nikamo H. 1983) advanced such a conclusion. A debate in France
followed which came to similar negative conclusions.? At a conference in
Paris in 1983, we presented our first model in which the possibility of the
classical convergence process was demonstrated. (Qur contribution DUMENIL
G., LEvy D. 1987(d) is available in the proceedings of this Conference,
FrroussiJ. P., MUET P. A. 1987.) An important step forward was realized
during another conference organized in 1984 in Nanterre (France). A
number of studies were presented which stirred a new interest in the topic
and were prolonged in the following years.?

However, the analysis of stability must also address the determination
of the general level of activity. Crisis and business cycle theory, in the works
of Ricardo and Marx, remained partial and deficient in many respects.
Marx’s investigation of the business cycle is disseminated in the various
parts of his.work. Ricardo devoted chapter XIX of his Principles (RICARDO
D. 1817) to what he called the “states of distress” of industry. In modern
economic theory, the determination of the general level of activity is the
domain of macroeconomics.

Several criticisms can be leveled at Keynesian macroeconomics (and,
a fortiori, to the new (neo)classical macroeconomics), in particular, its
adoption of an equilibrium framework of analysis, from which dynamics
are excluded, to investigate an issue which basically involves a problem
of stability.* A second criticism is that the determination of the general
level of activity is treated separately from that of other variables such as
relative prices or levels of output among industries.

It is our contention that stability is a crucial issue, and that it must be
addressed globally, in a dynamic model in which disequilibrium is considered.

2 A special issue of Les cahiers d’économie politique was devoted to this question, with
contributions such as Benertr C. 1981 and CARTELIER J. 1981, :

> Arena R., FroeschLE C., Torre D. 1984 available in Arena R., FroescHLE C., TORRE
D. 1988, Boceio L. 1984 (see also Bocaio L. 1985 and 1986), FLAscHEL P., SEmMLER W. 1984
(see also Frascuer P., SemMreER W. 1987), FRANKE R. 1984 (see also FRANKE R. 1987), and
our own contribution DuméniL G., LEvy D. 1987(a) (see also Dumén G., Lévy D. 1985,
1987 (¢), 1989, and 1991).

4 Keynesian economists attempted to provide macroeconomics with dynamic foundations
(SamueLson P. A. 1939, METZLER L. A. 1941, LOVELL M. 19671 and 1962, ToBIN J. 1975, and
Mavrinvaup E. 1982), but this approach never obtained a real recognition in the profession,
probably because of its inability to incorporate the other aspects of economic theory and confront
neoclassical microeconomics.

230



The relevance of the dichotomy between the stability of the classical long-
term equilibrium and the stability of the general level of activity cannot
be asserted ex ante. The problem is to articulate the two types of approaches:
stability of long-term equilibrium and stability of the general level of activity.
This is what we will attempt on classical foundations in a dynamic model.
In this project, at least one element of Keynesian macroeconomics, however,
will be preserved: the crucial role given to the volatility of investment.

In the discussion of the overall stability problem zhe distinction between
long term and short term is certainly central. Keynesian macroeconomics gave
to this distinction a conventional and simple meaning, which we will adopt.
In the short run, the capital stock is given, and investment is only taken
into account as a component of demand. It is in the long run, that the capital
stock will be allowed to vary. To this traditional distinction, we add a second,
which distinguishes proportions and dimension. By “proportions”, we denote
the relative values of the variables among industries: relative prices, outputs,
stocks of capital, etc. By “dimension”, we mean the general level of these
variables and, in particular, the general level of activity. What we call
“stability in proportions” and “stability in dimension” are two fundamental
aspects of the stability problem. It is clear, for example, that the classics
in their analysis of the formation of prices of production are concerned
with proportions, and that Keynes abstracted from proportions to
concentrate on dimension. (The relationship between proportions and
dimension has been the object of much discussion. Disproportion has often
been presented as the cause of instability in dimension. Traditional
macroeconomics are based on the denial of this relation, since only one
commodity is considered.)

In this study we first present a global model in which long-term and
short-term relations, as well proportions and dimension, can be discussed.
Specifically addressed is the relation between these various aspects of the
stability problem. This desire to cover the stability problem globally in a
manageable model will require a number of simplifying assumptions. In
particular, we will only consider two commodities and assume simple
reproduction. We view this model as the “smallest” framework in which
the stability problem can be discussed globally. Nevertheless, the model
remains rather complex. For example, it is necessary to consider fixed capital
to be able to distinguish between the short and long terms and, as will be
shown below, it will be necessary to provide a treatment of monetary and
credit mechanisms.

By “global model”, we mean here a model in which the various aspects
of the stability problem can be addressed: proportions and dimension, as
well as short and long runs. We do not refer to the study of global stability,
as opposed to local. In this paper, stability is always meant as “local
stability”.
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2. Disequilibrium Microeconomics

In order to study the stability of an equilibrium, it is necessary to consider
disequilibrium. The stability problem refers to the convergence from
disequilibrium to equilibrium.> Disequilibrium means:

The existence of unequal profit rates among industries.

2. Involuntary inventory accumulation. (Disequilibrium on the
commodity market means that supply differs from demand and, therefore,
that inventories of unsold commodities exist.)

3. Capacity utilization rates which deviate from normal levels. (This
variable is rarely considered in theoretical models, but evident in applied
economics).

The economic forces which push the variables toward their equilibrium
values are the expression of the individual behavior of agents reacting to
disequilibrium. A famous example, in the classical analysis, is when capitalists
move their capital from one activity to another, following profitability
differentials. Another example is that of enterprises who diminish prices
as a result of excess supply. We generalize this approach to decision making
— known as “adjustment” — to all types of decisions. Adjustment has
always played a role in economic theory, but has never been given central
place in the analysis.6 We call “disequilibrium microeconomics”,
micreoeconomics which are extensively based on adjustment to
disequilibrium. The general principle of adjustment can be represented as
follows:

. ( Evidence of >___) (Modzﬁcatz’om of ) .

disequilibrium bebavior

An adjustment procedure can be characterized in three respects: 1) The
nature of the disequilibrium considered, 2) The variable which is modified
and 3) The sensmty to disequilibrium which can be modeled by a “reaction
coefficient”. Reaction coefficients play an important role in this study. In
particular, the conditions for Stablhty are defined with respect to reaction
coefficients.

We will not address in this study the issue of the rationality of adjustment
behaviors, and we will never discuss the determination of reaction coefficients
(in particular, their optimal values). All adjustment equations in this paper
will be presented as representation of sensible behaviors. We devoted two
studies (DUMENIL G., LEVY D. 1989(c) and DUMENIL G., LEVY D.

> Another approach to the same issues is that of gravitation. In gravitation, an economy
subject to random shocks remains in a vicinity of equilibrium, From a mathematical point of
view, the two problems are equ1valent

¢ Adjustment has been used in the Keynesian dynamic models mentioned in a previous
footnote and survived in a few heterodox contributions such as Kornar J., Marros B. 1973
and 1981, Day R., Groves T. 1975 (ed.), Kornat J. 1980, and StMONOVITS A. 1985,
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1990) to the derivation of adjustment behaviors as rational behaviors, for
the allocation of capital, output, and price decisions (¢f. equations 6, 7,
and 8).

Our models are “general”, as opposed to “partial” and can be called
“general disequilibrium models”. Prices depend on quantities (supply and
demand); Capital mobility is guided by profit rates and, thus, depends on
prices; Demand is endogenous and is a function of income (consequently
of output); the complete loop Production — Demand and
Demand — Production is modeled.

3. Investment, Money, and the Capital Constraint

Investment is central in the classical analysis of competition which results
in the convergence toward long-term equilibrium. It is interesting to notice
that it is also prominent in Keynesian macroeconomics, where investment
is depicted as the basic source of instability in capitalism. However, the
difference between the Keynesian and classical treatments of investment
is striking. In Keynesian models, investment is determined by demand
- prospects, without any reference to the limitation of financial resources.?
In the classical analysis, investment is subject to a capital constraint: the
previous accumulation of a limited amount of capital, which can be
withdrawn from one industry and accrued to another.

It is our contention that the missing link, between an accumulation model
with a capital constraint and a model in which the volatility of investment
is primary, is in the existence of money and credit, thus avoiding Say’s
Law. In order to preserve the classical notion of long-term analysis, it is
necessary to assume that enterprises make their investment decisions under
the constraint of the availability of capital. But this mechanism must be
combined with that of credit. The banking system makes loans to enterprises,
who then invest out of this fund. The inducement to borrow responds,
as in the Keynesian analysis, to demand expectations (which we measure
by the capacity utilization rates). The total amount of credit in the economy
is subject to institutional constraints whose forms have greatly evolved
historically (from the Gold Standard to modern monetary policy) and to
the individual behavior of lenders. The capital constraint is, thus, displaced
by credit relations though not suppressed. In our model, these mechanisms
are very simply represented by the response of monetary authorities to the
variations of the general level of prices.

7 We will not discuss here the well-known fact that Keyngs, in the General Theory (KEYNES
J. M. 1936), actually considers profitability prospects (the marginal efficiency of capital), and
investment is pursued as long as the profit rate exceeds the interest rate).
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B - RESULTS

In this section, we present the basic results we obtain. In subsection
1, the overall problem of stability in capitalism is addressed. Some elements
of comparison with the classical and Keynesian perspective are recapitulated
in subsection 2.

1. Stability in Capitalism

An important result of our investigation is that it is possible to construct
a model of global stability and to analyze its properties. But it is also relevant
to analytically separate the stability problem into its various aspects,
proportions and dimension, and short and long-term analyses:

1. In a short-term model derived from the global model, we disconnect
long-term mechanisms such as the allocation of capital, to analyze a short-
term equilibrium by quantities. This analysis is closer to the Keynesian point
of view than to the neoclassical perspective (where markets clear via prices).

2. In the long-term model, also derived from the global model, we
assume that short-term equilibrium is obtained at each period. In other
words, the route to long-term equilibrium is described as a succession of
temporary equilibria.? *

The main conclusion of this analysis can be summarized as follows: The
crucial problem concerning stability is posed in the short run, and is a problem
of dimension. In the short run, as well as in the long run, stability in proportions
can be assumed.

These results imply that tHe stability of the general level of activity (the
problem of business cycle fluctuations) is the weak point of capitalism.
Recession is always around the corner. Conversely, the distribution of capital
among industries, the availability of commodities on the market, and the
setting of relative prices are issues that capitalism can handle rather
efficiently.

Even in the simple model presented in this study, the stability problem
appears complex. (In)stability in dimension results from the confrontation
of various mechanisms: 1) The reaction of production to demand (decision
to produce), 2) Some elements of demand which are stabilizing, and 3) Other
elements of demand which are destabilizing.

8 This perspective was adopted in SONNENSCHEIN H. 1982, FRANKE R. 1984, and ARENA
R., FroescHLE C., TorrE D., 1988, but with a succession of temporary equilibria by prices.
In the remainder of the literature in which teraporary equilibria (Walrasian equilibria or equilibria
with fixed prices, or generation models) are considered, the object of the investigation is different:
1) Existence of a temporary equilibrium, 2) Existence of a stationary temporary equilibrium,
i.e., repeated without alteration over time, or 3) Convergence toward a Walrasian equilibrium
(and not a long-term equilibrium with prices of production).
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In a model based on adjustment to disequilibrium, one might expect
all behaviors to be stabilizing, since they act in a contrary fashion to
disequilibrium. This is true for all components of demand with the exception
of investment. Indeed, investments are made to correct disequilibria. But
this correction will only operate iz the long run. Investment is accelerated
in order to correct for a high level of capacity utilization but, in the short
run, this decision stimulates demand. A high level of activity provokes a
decision which, itself, stimulates activity. The symmetrical situation is easy
to imagine: A depressed activity discourages investment and this reaction
further cuts into the level of demand.

One can say that investment is “procyclical” in the short run, since
it tends to enlarge macroeconomic disequilibria, and “countercyclical” in
the long run. We believe, as Keynes himself contended, that the procyclical
aspect is dominant. This procyclical effect of investment is counteracted
in the model by several countercyclical mechanisms, in particular the reaction
of monetary authorities to the variations of the general level of prices.

The fact that (in)stability in dimension represents the main issue in
capitalist economies is reflected in the model by the fact that the dominant
eigenvalue of the Jacobian matrix is real and close to 1. The associated
eigenvector can be easily determined and describes the main component
of the dynamics of the system in the vicinity of equilibrium (gravitation,
business cycle, and effects of policies). These departures from equilibrium
follow quite specific patterns. (For example, a trade-off exists between the
average capacity utilization rate and the ratio of inventories to sales, which
can be verified empirically).

- Money and credit mechanismssplay a role in the condition for stability
in dimension, but they have no impact on the position of short and long-
term equilibria, as well as on the conditions for the stability in proportions
of these equilibria. (However, they have an influence on the speed of
convergence of short-term proportions.)

Although this discussion lies beyond the limits of the present
investigation, it is obvious that this analysis provides a basis for a theory
of the business cycle. A prominent element in business cycle theory is the
acknowledgement that stability is conditional, and that capitalism perpetually
tests the limits of this stability frontier: We view the business cycle as a
succession of periods of stability and instability in a recurrent, but not
repetitive, configuration. Since several mechanisms are involved in the
condition for stability in dimension, it is not possible to pinpoint the same
specific trigger in all crises. Individual management, technology, distribution,
credit, and monetary mechanisms are all equally likely suspects. Investment
is the only procyclical mechanism, but other mechanisms are, depending
on the circumstances, more or less countercyclical, and instability can result
from a reduction of their stabilizing power.
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2. A Comparison with other Paradigms

These results support Marx’s separation between the stability of long-
term equilibrium (proportions) and the theory of crisis (dimension), although
this latter analysis was never developed into a coherent framework, and
the two aspects of stability never articulated. This distinction is less clear
in the work of Ricardo, where the “states of distress” of the industry are
presented in relation to capital mobility. (This explains why Marx classified
Ricardo as a theoretician of “disproportions”.)

As was mentioned earlier, Keynes does not adopt the point of view of
dynamics, and sticks to the conventional equilibrium aproach. In this
context, his attitude is radical and biased. Instead of rejecting traditional
equilibrium microeconomics, he rejects microeconomics as a whole.
Dimension is so dire a problem, that he abstracts from proportions.
Capitalism is so unstable that he contends that no stabilizing mechanism
exists which is capable of bringing the economy to a normal level of
utilization of capacity. “Normal” equilibrium is a theoretical fiction, and
the stability problem is confused with a problem of existence. Investment
is so volatile, that it must be treated as exogenous, and the whole
macroeconomic situation will be determined by “animal spirits”, whereas
the origin of instability should be sought within the economy itself.

II - THE MODEL

This part is devoted to the presentation of the model. Section A
introduces the general frametfork of analysis. In section B, we present a
number of simplifying assumptions which render the model manageable.
Section C gives a general view of the basic relations excluding all
disequilibrium microeconomics. These behavioral equations are presented
in section D. Last, the relation of recursion is defined in section F.

A - THE GENERAL FRAMEWORK OF ANALYSIS

The agents are introduced in subsection 1. The sequence of events
(production and market) and the treatment of the commodity market are
made explicit in subsection 2. Monetary and credit phenomena are the object
of subsection 3.

1. The Agents

Four groups of agents interact in the model: Wage earners, Capitalists,

Enterprises, and Banks.
Wage earners sell their labor power to enterprises and then produce. In

-
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exchange, they receive a wage in cash. They use their purchasing power
to buy consumption goods. '

Capitalists control the movement of capital (the cash flow of enterprises,
i.e., depreciation allowances and profits). They subtract from these sums
a given fraction for their personal consumption. The remainder is re-
invested, 7.e., is allocated among the different enterprises. With respect
to consumption, their behavior is not different from that of wage earners.

Enterprises organize production and make decisions concerning prices
and outputs. They pay wages and transfer the cash flow to capitalists. They
receive funds from the capitalists and make investment decisions.

Concerning banks, no distinction is made between commercial banks
and a central bank. The behavior of the banking system in the model is -
supposed to account globally for its various components.

2. Production and Market

The model is a sequental model. Production and market follow one
another: ' '
coo = market t — production t + 1 — market t+ 1 — ...

Traditionally, the commodity market and its relation to production are
treated in two basic manners:

1. Equilibrium by prices (Walrasian paradigm). Supply and|or demand
are functions of prices. The market (actually, the auctioneer) determines
prices which insure its clearing.

2. Equilibrium by quantities (Keyriesian paradigm). Demand is expressed
in a preliminary stage of the market and enterprises supply exactly what
is demanded. At a macroeconomic level, exogenous demand is expressed
first and output is fixed at the precise level which equalizes supply and
demand (exogenous and endogenous).

The point of view that we adopt is that of disequilibrium. Production
takes time, and is decided before demand is expressed. Supply differs from
demand and, before equilibrium is reached, involuntary inventories exist.
The accounting relation which yields the new value of inventories S, , |, as
a function of output Y, the initial stock of inventories transmitted from
the previous period §,, and demand D,, in enterprise 7, is the following:

Siv1=81+Y,-D; (1)
Supply is equal to the sum Initial stock of inventories + Output: S, + Y,.

3. Money, Credit, and Policies

Monetary mechanisms are very complex and treated in the model in
a quite primitive framework. :
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Money stocks could be held by the three groups of agents, wage earners,
capitalists, and enterprises. We never consider the stock of money held
by enterprises, which is required to finance production and financial relations
with capitalists. We assume that enterprises obtain these liquidities from
the banks when necessary and deposit their receipts when they are cashed.
No balance is conserved from one period to the next. We also assume that
enterprises spend for investment the totality of the purchasing power that
they receive from capitalists and banks. Therefore, enterprises do not
transmit any balance of money at all from one petiod to the next. The
purchasing power of consumers (wage earners and capitalists) results from
their income and bank loans. They consetve a fraction of their purchasing
power from one period to the next, and a stock of money is, thus,
transmitted from period to period. ‘

Three types of credits are considered, for investment, consumption, and
operating and financial expenses of enterprises:

1. Banks lend to enterprises which are willing to invest beyond the
possibilities available from the allocation of capital by capitalists. The
quantity of loans is the result of a negotiation between enterprises and banks.
The desire by firms to borrow is measured in the model by their capacity
utilization rate. The control of monetary phenomena is achieved by the
banking system which reacts to the variations of the general level of prices.

2. Banks also make loans to final consumers and react, in the same
manner as for investment, to the variations of the general level of prices,
but this type of loan is not essential in the model. They are considered
to insure that monetary policy does not favor any industry.

3. Enterprises can always withdraw funds from the banks (short-term
borrowings) to finance production or transfer their cash-flow to capitalists.
They are never restricted in this respect.

It is implicit in the above presentation of monetary mechanisms that
two different channels of funds are considered for the financing of enterprise
activity. A first channel corresponds to investment, and a second to short-
term transactions. Enterprises can only invest on the basis of funds allocated
by capitalists or loans from the banks specifically earmarked for this
purpose.® Enterprises are always constrained by the availability of funds
(under normal circumstances, profitable investment opportunities always
exist). They experience what we called in the first part of this study a “capizal
constraint”. The second channel corresponds to short-term transactions.
Enterprises could be subject to the existence of a liguidity constraint, in
the sense that they might be obliged, for example, to scale down their activity
because of a lack of liquidity. We assume that they never face such situations.

® Thus, in the enterprise’s balance sheet, the sum Equity + Loans for investment is always
equal to the value of fixed capital.
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Since final consumers carry over a stock of money from one period to
the next and since prices are adjusted, the purchasing power of this balance
of money varies over time, and there is a real balance effect in the model.
We do not believe, however, that this mechanism is significant. An analysis
of this effect requires a more sophisticated treatment of monetary and
financial balances and, in particular, the consideration of debts held by
enterprises. In a model in which only internal money is considered, no overall
real balance effect exists, only a redistribution of wealth among agents.

In the traditional simple form of the Keynesian model, in particular
the IS-LM model, one usually distinguishes between monetary and demand
policies. Monetary policy impacts on investment via the interest rate, and
demand policy is treated as an autonomous increment of consumption. In
our model, monetary policy affects investment directly via the availability
of financing. There is no demand policy since loans to final consumers (in
which the state can be included) only respond to the variations of the general
level of prices, but it would be easy to add in the model a countercyclical
demand policy in relation to the deviations of the capacity utilization rate.

B - SIMPLIFYING ASSUMPTIONS

1. Only two industries are considered and in each industry there is only
one enterprise. The first industry produces the fixed capital good, and the
second the consumption good. We abstract from circulating inputs other
than labor. Production combines fixed capital and labor with constant
returns. The actual use of one unit of fixed capital can be represented as
follows:

unit of ;(units of\ _ , (units of o unit of
! (fixed capital) t < labor > b ( good 1 ) +{1=9) (ﬁxed capital)

Parameter & denotes the loss of productive power of fixed capital (its
depreciation) during the production period. If this unit of fixed capital is
used at a capacity utilization rate smaller than 1(0 <z’ < 1), the model
is the following:

1( ‘ unit of. ) N liui<units of)_+ éiui(units qf) L 5i)< ' unit of' )

fixed capital labor good i fixed capital

In a model in which disequilibrium is considered, the capacity utilization
rate is a crucial variable (¢f. figure 1 below). For a stock of fixed capital
Ki held by enterprise 7, its productive capacity is Kb, its production
Yi=Kib'u!, the quantity of labor used K{/'ui, and depreciation
allowances are equal to &' Kip:.

2. Technology is the same in the two enterprises (/! = /2, b* = b?, and
&' = &), and their behavior can be described by the same equations.
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3. Labor is assumed to be available without limitation, and no other
nonreproducible resources exist.

4. The real wage, denoted 7, is assumed to be constant. We use an
auxiliary notation, w =1/, the real wage for each unit of fixed
capital actually used. Wages are paid before production occurs, i.e., on
market £, for production occurring in period ¢z + 1. For enterprise 7, one
obtains:

rv1=Kiwul, p}

5. Profits in enterprise i can be determined as Sales — Wages —
Depreciation allowances: '

my = K} (bup} — wuipi — &p))

6. Capitalists spend all profits for consumption. The mobility of capital
only concerns depreciation allowances. Thus, simple reproduction is obtained
when equilibrium is reached, and investment is limited to replacement. Strict
simple reproduction is not guaranteed in a disequilibrium, because of the
existence of loans for investment.

7. Only one capitalist exists, or all capitalists are identical and can be
aggregated. :

8. Final consumers (wage earners and capitalists) are treated globally,

- with a propensity to consume a fraction « of their total purchasing power.
Thus, only one stock of money will be transferred from one period to the
next (c¢f. subsection II. A.3).

9. Interest rates are set at zero.

1. Notation
Indexes:
i Index of a firm (superscript): i = 1, fixed production good, and i = 2,
consumption good
3 Index of the period (subscript)
Variables:
7 Inflation rate, j=Y,p,/Y¢ p,—,— 1
K Stock of fixed capital
K Capital reallocated (a purchasing power)

AK  Net loans for investment
MY, M Stocks of money held by final consumers before and after

consumption

AM  Net loans to final consumers (Variation of loans outstanding during
the period)

P Price
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T Profits

r Rate of profit

o Rate of growth of the stock of fixed capital

5,5 Ratio of inventories, Target ratio of inventories

u, @ Capacity utilization rate, Target capacity utilization rate

W Total wages

X Relative prices, x = p*[p?

Y Output, Y = Kbu

y - Relative stocks of fixed capital, y = K*[K?

Z Normalized stock of money, z,, , = ML|K?, p?

Parameters:

o Propensity to consume

b Output obtained with one unit of fixed capial for u =1

b Proportion of the productive capacity of fixed capital lost in one
period

/ Quantity of labor combined with one unit of fixed capital foru = 1

w Real wage

w Real wage per unit of fixed capital for u =1 (w =wl)

Reaction Coefficients:
Price decision (sensivity to s —5)
Decision to produce (sensivity to s —5)
Allocation of capital (sensivity to profit rate differentials)
Borrowings for investment (sensivity to u — %)
’ Response of monetary policy to the variation of prices
Auxiliary notation: ¢ = ¢’ 3
Decision to produce (stickiness of u — 7)
Defined in equation r1 (condition for stability in dimension)

a6 ER O

C - THE MODEL WITHOUT REACTIONS TO DISEQUILIBRIUM

In this section we present the basic relations of the model abstracting
from reactions to disequilibrium. We begin with financial relations between
capitalists and enterprises, and between enterprises and banks. The
availability of these funds allows enterprises to invest. Demand in the capital-
good industry is, thus, determined. Next, we analyze the formation of the
purchasing power of consumers, wage earners and capitalists, which is
composed of wages, profits, and loans. Consumption goods are purchased
from this fund.

, Since simple reproduction is assumed, only depreciation allowances are
reallocated among the two industries. With K, denoting total fixed capital
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in ¢ (in physical terms), the depreciation allowances of enterprise 7 are
dKip;, and the total purchasing power K which is reallocated is:

Ky, = 5(K}+Kf)p} = 8Ktp1,}
2

This total is divided by capitalists into two fractions K}, , and K2, ,, with
K, =K;,,+ K}, Each industry also receives loans from the bank,
which we denote AK?, . This purchasing power (allocated capital plus net
loans) is available and used for investment. Gross investment, I, |, of
enterprise , purchased on market 4, to be used for production in period
t+ 1, is:

I§+1:K§+1+AK§+1 (2)

p: .A
which is added to the depreciated stock of capital in this industry:
K§+1 =(1— 5)K§+ I§+1
Thus, total demand in the first industry can be determined as:
Dy=I1 . +17,,

At the end of the previous period, final consumers, capitalists and
workers, hold a given stock of money M, This purchasing power is
increased by wages, Wi, ,, and profits, #, and net consumer credit AM..
Thus, consumers finally hold:

M{'—-:Mt+7r}+7rf+W}H-FWinFAM, (3)

They spend a given fraction, «, of their pruchasing power. Thus, aM/ is
spent and the remainder, (1 — o) M/, is held until the next market period
where it represents the new initial stock of money M, , ,. The demand for
consumption goods on market ¢ is:

D?= alky
pi

In the assumptions of the model, a number of decisions are automatic:
All profits are spent for consumption, all depreciation allowances are
reallocated, all funds made available to enterprises are invested, and a given
fraction of the purchasing power of consumers is spent for consumption.
However, it is necessary to specify: 1) The capacity utilization rates #, |
(or outputs), 2) The prices pi,,, 3) The capital, Ki, ,, allocated by
capitalists to each industry, 4) The loans to enterprises and consumers
(AK:, | and AM,).

If one assumes that the value of these variables is maintained from one
period to the next, a dynamic model is obtained. It is obvious, however,
that its dynamics are divergent. The stock of capital varies and can diverge
to zero or to infinity, and supply is not equal to demand. Thus disequilibrium
will prevail and will be persistent.

(4)
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In the following part of this study, we will model the behavior of
economic agents responding to disequilibrium, with respect to the four
decisions above: 1) and 2) How capacity utilization rates and prices are
determined by enterprises, 3) How capitalists proportion their allocation
according to profitability differentials, 4) How loans for investment are
subject to the needs of enterprises, and how these loans and loans to
consumers are both subject to the goals of monetary policy.

D - THE MODELING OF BEHAVIORS

We now turn to the modeling of adjustment to disequilibrium. We will
first describe the disequilibria to which the agents react and, then, consider
successively the agents’ various decisions.

1. Evidences of Disequilibrium

Four disequilibria impact on the behavior of economic agents:

1. Disequilibrium in profit rates. Capitalists respond to profitability
differentials. Since only two industries are considered these differentials
can be characterized by a single variable (#} — %), in which 7} denotes the
rate of profit of enterprise i.

». Disequilibrium between supply and demand. This disequilibrium is
measured by the level of inventories (¢f. equation 1). This level will be
conveniently assessed using the following ratio: :

si= 83 Kib (5)
in which Kib denotes productive capacity in industry 7. Since demand is
not invariant, but constantly oscillating, enterprises could not attempt to
hold zero inventories without incurring losses. They seek to obtain a certain
ratio 5 (the normal or target value of 5). Thus, the adequate variable to
measure the disequilibrium between supply and demand is s;—5.

3. Disequilibrium in the utilization of productive capacities. The constant
fluctuations of demand also explain why enterprises attempt to maintain
a certain level of extra capacity. We denote 7 this normal or target value
of u. The disequilibrium in the capacity utilization rate is measured by
u' — 1.

4. Disequilibrium concerning the general level of prices. Any increase or
decrease in the general level of prices will be considered as evidence of
disequilibrium by the banking system. A tightening or slackening of
~ monetary policy will respond to these variations. The relevant variable is

i
' : Y,
j= tpt . 1

Y. pi-n
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The way these disequilibria will impact on the behavior of economic
agents can be summarized as follows:

re#r; =  Capitalists  Capital Mobility

s;#5 = Enterprises  Variation of prices
s;#5 =  Enterprises  Variation of outputs
u,#u — Enterprises  Variation of outputs
i Enterprises :
uyEu - Loans for investments
and Banks

) Loans to consumers and
7;#0 = Banks ' '
enterprises for investment

2. Production

The decision to produce is equivalent to the decision of the new capacity
utilization rate, since the stock of capital is given and Y = Kibz/. This
decision is made on the basis of the disequilibria on the level of inventories
and the capacity utilization rate of the previous period:

Uy —ti=—elsi=3~ (1 - o) (u—7) (6)

which can also be written as: )

uip —G=olul—%) — e(si—3)
In these equations the reaction coefficients o and & have no dimension,
since # and s themselves have no dimension. This equation shows, for
example, that enterprises will react to inventories larger than normal by
diminishing their capacity utilization rate. The degree of this sensitivity
to stockpiling is measured by e.

Reaction coefficient ¢ models the stickiness of the capacity utilization
rate, with0<so<1. (1 —o=0 corresponds to maximum stickiness.) The
term (1 — o) (4} — %) expresses three different types of phenomena: 1) We
make the implicit assumption that the demand function which enterprises
confront are subject to random shocks and only returns slowly to normal
levels (autoregressive shocks, ¢f. DUMENIL 6., LEVY D. 1990), 2) In addition
to traditional production costs, enterprises incur disequilibrium costs, such
as the cost of stockpiling or the cost of changing production. The existence
of this latter cost induces a degree of stickiness in the decision to produce
(¢f. HOLT C. C., MODIGLIANI F., MUTH J. F., SIMON H. A. 1960), 3) Enterprises
accelerate or slow their investment rate and simultaneously attempt to
restore their capacity utilization rate at normal levels.

3. Prices

The new ratios of inventories s , are determined by equations 1 and
5. Price adjustment depends on the disequilibtium between supply and
demand:
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p§+1:pi(1""18(5§+1_§)) (7)
in which f1s a reaction coefficient without dimension. The disequilibrium

in capacity utilization rates or the cost of inputs could also be included
as argument in this function.

4. The Allocation of Capital

In the allocation of capital, capitalists will consider the profit rate, 7/,
defined as the ratio of profits over the stock of fixed capital: 1°

i i 2
yi = 7:'; 1=uibpt lez_ 5
Kip: p:
The first industry receives K} ., and the second K7, :
f+1=(OK; + ¥K(r} = r))p;

(8)
fr1 = (0KG = yKi(ry — r))ps

If the rates of profit #! and #? are equal, depreciation allowances, éK'p},
are reinvested in each industry. A profitability differential provokes a
transfer from one industry to the other. The sensitivity of capitalists to
profitability differentials is measured by . As all other reaction coefficients
in this study, vy is normalized and without dimension, so that the model
is homogenous with respect to prices and quantities.

5. Loans and Monetary Policy

We will deal successively with loans for consumption and investment.

We only consider the variation of the net outstanding stock of loans
for consumption, AM,, as in equation 3. The banking system reacts to the
variation of the general level of prices, j,, by tightening credit conditions
whenever inflation prevails and acting conversely if prices diminish. The
size of this variation is proportional to the stock of money, M, + =} + =?
+ Wi, + W2, ,, already held by final consumers. The intensity of the
response to the variation of the price level is measured by a reaction
coefficient ¢”:

AM,= — M+ 7+ 7+ Wi+ Wi Do, (9)

The variation of loans for investments, ‘v as in section C,
responds to two disequilibria concerning the capacity utilization rates,
(u:—1), and the variation of the general level of prices, 7. The first

10 Tn the computation of the profit rate in this model, we abstract from inventories, both
with respect to the determination of profits in the numerator (appropriated profits instead of
realized profits) and determination of capital advanced in the denominator (limited to fixed capital).
It would also be possible to compute profits for a normal utilization rate, %, of fixed capital
instead of the actual rate .
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disequilibrium corresponds to the desire of firms to invest, and the second

to the willingness of banks to provide the necessary funding. The new loans

are proportional to the stock of fixed capital held. The two resulting reaction
coefficients are w and ¢’:

AKﬁ+1:KiP;(w(”i—ﬁ)“€0/7}) (r0)

One can notice that the sensitivity of monetary authority to the variation

of prices is the same with respect to the two types of loans. This is equivalent

‘to saying that we assume that monetary policy does not favor any industry

in particular. :
We will also use two auxiliary notations § and ¢, both related to monetary

policy:
1. We define:
5, = Yipi_ isi+ Yipi_ \s?
, Yipi1+Yipi_y
With this notation, using equation 7, 7, can be replaced by — S, — 3).

2. We will also use ¢ = f¢’, as a synthetic parameter accounting for
the overall effect of the disequilibrium between supply and demand:

< Impact on prices of) y (Reaction of monetary authorities>
Supply # Demand ‘to price variation

With this notation, — ¢’j, can be written ¢, — 3).

E - THE RELATION OF RECURSION

The above equations define a relation of recursion which allows for the
derivation of the value of the variables in period # + 1 from that in period z.

There are nine variables, #/, ', p’, K’ for each of the two industries,
and the stock of money M held by consumers. A priori, a double
continuum of equilibria exist as a result of the indeterminacy of the general
levels of both prices and quantities, and it is possible to reduce the set of
variables to seven variables without dimension.

We conserve the two capacity utilization rates #' and the two ratios
of inventories s’ which already have no dimension, and consider the
relative price, x = p'/p?, and the relative stock of fixed capital, y = K/ K2
The stock of money must also be normalized: z,, , = M{/K?, .p2. We will
also use the two growth rates, pi— (K Ki)/Ki of the stocks of

t+1
capital. With this notation, the recursion can be written as in table 2.
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2. Global Model

The relation of recursion

ul, =u+o(l—u)—els;—53)
w o =u+oW—u)—el(si—73)

. = I
sty = 1ip1(s}+u}——1;y’3+¢gt S)——%<u}~—ﬁ+u’y u))
¢ t t
1
5§+1:m(3 4 ul) — bzt+1
t

%41 =% (1 _18(5}+1"§))/(1"‘48(5?+1"§))
Yer1=9:(1 +P;)/(1 + p37)
Zp1=14+¢G,—75) x
1 (1-a)z, . 5
X (1 +P§(1 “B(2—73) + Xt Xt ) w(yz+1”t+1+”t+1)>

With pi= 7202 (4 = 123 + @ (= 7) + oG, = 5)

¢

2= —y(l+9,)ri—1r)+owwi=14)+ oG —53)
_ 2, 2(] — _1__ < :xt—lytuisz}"’“ uis;
and ( > ri=u?(b w)xt o 5 .xt—lytugalﬁu%
Equilibrium '
w'=u st=35 (for i=12) x=1 y=5=8/(bu—-08 z=7=bil«
The Polynomial Characteristic of the Jacobian
PQA) =
i-o 0 : 0 o 0 0
0 i-o 0 : 0 0
-1+A0~-w " A-1 ] . 5
N —Ab-w+2 (541) (548 A - 0
+(S+b)w by +1 y5-1-5 1+7% ) 2
B ~1+B(b-w) o7 A-1 B 3
“Bl-uw ehme 115077 - fogem % 0
1+y
0 0 A — A A-1 0 0
-Clb-w)—wy Clb-—w +wy 0 0 -Chi A-1 0
-D(b-w) Db-w+E+Dw ~wiyp —wig—(1-a7f ~DbuEi+di-1+a

WlthA*s% B=@+9(1+5)y C=(+57y

D’='ﬁ(§——w(1+§)) D=D'(1+%7y E=w(l--



III - DIMENSION AND PROPORTIONS

In the study of a dynamic model such as that presented in part II, one
must distinguish between the issues of the existence of an equilibrium and
its stability. Section A is devoted to equilibrium and introduces the study
of stability. Section B considers the two aspects of the stability problem:
dimension and proportions.

A - EQUILIBRIUM AND STABILITY

In this model, an equilibrium which we call zormal equilibrium exists,
which corresponds to the classical notion of 2 long-term equilibrium with
prices of production: '

1. The capacity utilization rates and the ratios of inventories reach their
target value: ' =7% and s =5.

2. The rates of profits are equal, 7 =7 =%(b — w) — § and, prices are
equal to production prices. As a result of the assumption of an identical
technology within the two industries, prices are equal: x=1 or

p?=p. ‘
3. The proportions of capital between the two industries are given by:
y=y=28/(bu - o).

4. The amount of money held by final consumers is given: 2 = 7 = bii/ a.
5. There is no growth (o' = ¢ = 0) and no variation of the general
level of prices (j = 0).

Since the model is non-linear, the uniquess of the equilibrium is not
guaranteed. Therefore other equilibria can also exist. The consideration
of such equilibria is interesting, but it would be impossible to develop such
an analysis while preserving the linear forms of the behavioral equations.
Likewise, the analysis of the local stability (or the Investigation of the various
convergence regions, when several equilibria exist) is interesting, but again
the results also depend on non-linearities (cf. e.g., DUMENIL G., LEVY D.
1987 (b)). |

In order to study the local asymptotic stability of an equilibrium such
as that introduced above, it is necessary to determine the Jacobian matrix
which expresses the linear approximation of the recursion in the vicinity
of equilibrium. Stability is insured if the moduli of all the eigenvalues are
smaller than 1. The polynomial characteristic, P(1), of the Jacobian is
presented with the recursion. (In the remainder of this study, “stability”
will denote “local asymptotic stability”.)

P(2) is a polynomial of the seventh degree, whose analysis is difficult.
In the next section, we will demonstrate a number of properties of this
general formalism. In part IV a full treatment of stability will be developed
for the short and long-term models.
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B - INSTABILITY IN DIMENSION AND STABILITY IN PROPORTIONS

In this section, we present our general thesis concerning the stability
problem in capitalism: 1 The dominant eigenvalue is always close to 1, and
from this property derive both the instability of the system with respect to
dimension and its stability with respect to proportions. In subsection 1, we
study the “stability frontier” (the condition P(1) = 0). Subsection 2 defines
the robustness of the condition which defines the stability frontier. In
subsection 3, we determine the eigenvector associated with the eigenvalue
1 which accounts for the dominant component of dynamics in a vicinity
of equilibrium. On the basis of this vector, it is possible to contrast the
two aspects in the stability problem: dimension and proportions. In
subsection 4 we provide some elements of an empirical verification.

1. The Dominant Eigenvalue is Close to 1

A necessary and sufficient condition for an eigenvalue to be equal to
1is P(1) =0, Wh_ich can also be written 0= 1, with:

Fe
0—0‘+5m . | (11)

whete F and G are two constant parameters independent from the reaction
coefficients: :
z l—o

— b4
1—-«a and G 1+5y14+b@+5)—6+wu

F=1-

We call the situation in which one eigenvalue is equal to 1 (or #is equal
to 1) the “stability frontier”. In simpler models (as in subsection IV.A.2
below), P(1) >0, i.e., §< 1, is also a sufficient condition to insure that
no real eigenvalue larger than 1 can exist. However, we are not yet able
to demonstrate this result in the global form of the model presented here.

Equation 11 and the condition § < 1 can be interpreted in the following
way:

1. In the expression of 6, o and ¢ correspond to the effect of demand
on supply (¢f. equation 6). This relation is characteristic of the decision
to produce and expresses one aspect of the management of firms. The ratio

w .
el measures the effect of supply on the formation of demand.
4

2. This last effect can be decomposed into two distinct components,
one procyclical and the other countercyclical:

11 The general condition for stability {|¥|l <1 Vi can be superseded in three different
manners: For one eigenvalue X, =1 or ¥ = — 1, or there exist two complex conjugate
eigenvalues of moduli equal to 1.
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® Coefficient w denotes the sensitivity of loans to the capacity utilization
rate (cf. equation 10). This term represents the procyclical component
of the feedback. A high level of activity stimulates lending for
investment and, thus, demand to the industry which produces capital
goods.

® The two countercyclical mechanisms in the denominator of the ratio
correspond to: 1) Monetary policy (coefficient ¢ as in equations 9 and
10), and 2) The real balance effect (coefficient  as in equation 7).
A high level of activity causes inflation and monetary authorities
tighten credit conditions. In a similar manner, inflation cuts into the
purchasing power of final consumers.!2

What is determinant in the effect of supply on demand is the relative impact
of these pro and countercyclical mechanisms. However, the overall stability
of the system also depends on ¢ and o (effect of demand on supply).

In the above analysis, we assumed positive values for F and G. This
property is only evident for G. The condition F > 0 follows from the view
defended in the first part of this study, that loans for investment are
countercylical in the long run, but procyclical in the short run, and that
this latter effect is dominant. :

2. The Robustness of the Condition Défining the Stability Frontier

An important property of the condition defining the stability frontier
is that it is very robust with respect to the assumptions made. This is not
the case for the conditions which define global stability or for the two other
conditions corresponding to:local stability: one eigenvalue equal to — 1
or two complex conjugate eigenvalues with moduli equal to one.

For example, in a model without money («= 1), without credit to
consumers, and in which wages are paid ex post, equation 4 becomes
D} = (Y,p,— 0K,p})[p?, and the condition defining the stability frontier
is:

=0+
4

Consider now a growth model (assuming for simplicity that fixed capital
does not depreciate, & = 0), in which money is not treated. Total income,
Y,p,, is divided into two fractions, a¥,p, for consumption, and (1 — &) Y,p,
for accumulation. This fund is allocated proportionally to capacities already
installed with a correction corresponding to three disequilibria (profitability
differentials, the deviation from normal of capacity utilization rates, and
the rate of variation of the general price level) as described in section I1.D.
The only modification in equation 8 and 9, that § Kip! must be replaced

12 As mentioned in part I, we do not consider this real balance effect as factually relevant.
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by %‘ (1 —a)Y,p,. One must add 1 + &5 to the denominator of equation
I3

2, since the new funds must finance the increased capital stock (1) plus
inventories (/5). One then obtains:

0
Ct i
0:G'+c -
_pb
4 1+ b5

We will see below that a similar condition is obtained in the short-term
model (¢f. equation 15).
The basic form of the condition is always:

Procyclical Mechanisms
Countercyclical Mechanisms

f=c+c¢

3. The Dominant Dynamics in a Vicinity of Equilibrium

The eigenvector, V, associated with the eigenvalue 1 accounts for the
primary characteristics of the dynamics in a vicinity of.the equilibrium,
when the economy is close to the stability frontier (§ = 1). From the value
of this eigenvector, it is possible to derive a number of relationships among
the variables in a vicinity of equilibrium and for 8 close to 1. These
relationships account for the features of the economy when it is drawn out
of equilibrium. Such departures from equilibrium can correspond to: 1)
The usual gravitation process, 2) The business cycle, and 3) The effect of
policies attempting, for example, to dchieve a level of capacity utilization
different from normal (for example, to fight unemployment). The
eigenvector is:

1
1
1=0
_1i0'
V= 6 (12)
(6+5) (=27 1) 5
S F

Although other similar relations also exist in which monetary variables
are involved, we will only consider here the relationships between #, s, and
x:
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1. In a vicinity of equilibrium, the following properties hold:
u'—u=uy*—7u or u'=gy’
st~§=52—5 or slag?

x—1=0 or ple=p?

Thus, the proportions between the two industries are not disrupted when
f=1.

2. Denoting # the common value of #' and #2, and s the common
value of s' and 52, the following relationship holds:

1-0u—%)+els—5)=0 (r3)
In the plane (%, s), a trade-off which goes through (7, 5) is defined.

If, as we believe is the case in an actual capitalist economy, 0 = 1, then
the economy will be stable with respect to proportions (#! = #?, §' = §2,
p' = p? and, therefore, 7' = /) and unstable with respect to dimension. By
unstable with respect to dimension, we mean that # # 7 and s 5, while
u and s are related as in equation 13. Under such circumstances, it is possible
to study the overall stability of the system in a model in which only one
commodity is considered (as is the case in macroeconomics).

Since the vector V accounts for the response of the economic system
to exogenous shocks (tandom shocks or policies), it is possible to compute
the corresponding multipliers. In the linear approximation and for § = 1,
these multipliers diverge. This is equivalent to saying that the economy
is very volatile and reacts strongly to any pertutbation. It is obvious,
however, that the model is non-linear and that these multipliers are not
infinite. In our opinion, this property provides some grounding for the
understanding of the volatility of the general level of activity which Keynes
described in the General Theory (KEynEs J. M. 1936, Ch. 22), referring
to factors such as the “psychology of financial markets” (p. 320).

4. Empirical Verification

It is an obvious characteristic of capitalism that it is very unstable in
dimension. This is reflected in the constant oscillation of the capacity rate
(as shown in figure 1 for manufacturing industries in the U.S. after World
War II). It is possible to verify empirically in a straightforward manner that
the dominant eigenvalue is close to 1, by investigating the relationship between
the variables when the economy moves out of equilibrium.

Figure 2 presents an empirical verification of equation 13. This figure
displays the relationship between # and s for the period 1950-1985, using
monthly data. (The variables have been detrended and only inventories
of finished goods are considered.) It is evident from this figure that a trade-
off exists. This observation proves that: 1) The economy is constantly
maintained in a vicinity of the stability frontier, 2) Equation 6 is a good
model of the decision to produce (since equation 13 is 2 straightforward
consequence of equation 6).
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IV - SHORT TERM vs. LONG TERM

Section A deals with the existence and stability of a short-term
equilibrium by quantities. In section B, long-term equilibrium is treated
as a succession of short-term equilibria. In this framework, we analyze the
stability of long-term equilibrium.

In order to derive a short-term equilibrium from the global model, one
must set the reaction coefficient 3, which controls the adjustment of prices,
equal to zero, and keep the capital stocks constant (¢! = p* = 0). Thus, y,
the ratio of the capital stocks in the two industries, and x, the relative price,
are constant. The five other variables remain in the recursion and will attain
equilibrium values different from those obtained in a long-term equilibrium.
These short-term equilibrium values are functions of the variables which
are constant (x and ¥).

The study of the stability of this short-term equilibrium is simpler than
that of the global model. The polynomial characteristic is of the fifth degree
(instead of seventh), and can be easily factored into two polynomials of
the second and third degree..

The stability of long-term equlibrium can, then, be analyzed assuming
that short-term equilibrium prevails in the short run. The problem is that
of a sequence of temporary equilibria, and only two variables (x and y) are
involved in these dynamics. It is important to keep in mind the specificity
of this analysis: the short-term equilibrium is obtained by quantities (and
not prices as in a Walrasian model), and the long-term equilibrium is a
classical equilibrium with prices of production.

With this framework of analy51s a number of results can be obtained:

The condition for the stability in dimension for the short-term
ethbrmm is a replication of that obtained in the global model < 1
with @ as in equation 11).

The condition for the stability in dimension for the short-term
equilibrium is also a condition for the overall stability (proportions and
dimension) of this equilibrium with the additional condition: o+ ¢ < 1.
This latter condition only refers to the decision to produce and corresponds
to the stability of a model in which one producer faces an exogenous demand.
Its fulfillment is insured by individual optimization.

3. Long-term equilibrium is stable.

Although these properties cannot be established in the global form of
the model, these results tend to prove that the stability problem in capitalism
is basically posed by the control of dimension in the short-run.
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A - SHORT-TERM EQUILIBRIUM BY QUANTITIES

The short-term equilibrium is first determined in subsection 1. Then,
subsection 2 deals with the stability of this equilibrium.

1. The Determination of Short-term Equilibrium

We call short-term equilibrium an equilibvium in which prices are constant
and the stocks of capital in the two industries are invariant. This is equivalent,
in the equations which define the recursion, to the conditions: 8= 0 and

1 2
o =p=0.

3. Short-Term Model
The relation of recursion
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However, as in a Keynesian model, investment is still considered as a
component of demand (in the first industry): w and ¢ are not modified
whenever they appear explicitly. (Notice that v is only present in the relation
of recursion for the global model via ¢' and ¢?, since capital mobility has
no effect on the overall demand facing the first industry.) It is also the
case that x, = x and y, =9, since these two variables are constant. The
recursion for the 5 other variables is displayed in table 3.

This dynamic system has a fixed point, short-term equilibrium different
from long-term equilibrium. However, the system which allows the
determination of the equilibrium values, #'*, #?*, s'*, s**, and z*, of the
variables is nonlinear, and it is difficult to solve explicitly. We assume that
the allocation of capital in the short-term equilibrium is not very different
from what it would be in a long-term equilibrium. This is equivalent to
saying that we only consider small values of y — ¥, where ¥ denotes the
value 7 in a long-term equilibrium (¢f. section III.A), and study a linear
development of the recursion in a vicinity of long-term equilibrium. The
result is displayed in table 3. One can verify, in this linear approximation
of short-term equilibrium, that §* — 5= 0, i.e., loans are also stabilized in
a shortterm equilibrium.

One can notice that short-term equilibrium always belongs to the trade-
off defined in equation 13.

2. The Stability of Short-term Equilibrium

In order to study the stability of short-term equilibrium, one must
consider the Jacobian of the recursion (with five variables: #', #?, 5%, 52,
and z), which is displayed in table 3. It is possible to decompose this
polynomial of the fifth degree into two factors of the second and third
degrees respectively: P*(1) = P,(3) P,(4), with:

PA=QA-1)A—0) +c¢

_ — Py g @
e+(A—-1DQA 0')+b(;{ o) 2

MR

P,(A) =

*(w(l——/\)—b)s——liyz’(/\wo) A—1+a

Polynomial P,(1) has two zeros which are either real and between 0
and 1, or complex conjugate. Their moduli are smaller than 1 if:
e+ o<1 (14)
Polynomial P,(}) is, in fact, the Jacobian of the following model of
partial equilibrium in which a single enterprise, 7, is considered and demand,
d', is exogenous:
ui, =d+olui—a) —elsi—3)
sty =si+ul—d
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This model corresponds to a specific problem which refers to what could
be called short-term “individual stability” or “stability in proportions”.
We showed in DuméniL G., LEvy D. 1990 that condition 14 is guaranteed
by individual optimization. This is equivalent to saying that instability
related to condition 14 can only be attributed to deficient management
which, we believe, is not at the origin of instability in capitalism.

The study of the three zeros of P,(A) is more difficult and this
complexity is related to the fact that we consider a discrete-time model.
In a continuous-time model, instability occurs whenever an eigenvalue has
a real part larger than 0 (and the model diverges in €¥). If A is real, a
steady growth is obtained. If A has an imaginary part, then a spiral divergence
follows. In a discrete-time model, what corresponds to this condition is
the region close to 1 of the circle ||A]] = 1. What occurs close to A= — 1
has no counterpart in continuous-time analysis. The variables switch from
one period to the next from a large to a small value. We believe that this
pattern has no economic relevance and is an artefact of discrete-time models.
This statement is equivalent to the view that the reaction coefficients e,
(1 - 0), w, and ¢, are not too large — a quite natural assumption which
is common to most models devoted to the stability of long-term equilibrium.
We will restrict the investigation to the vicinity of A= 1 which includes
two subcases: 1) A = 1 proper, which has already been considered in the
analysis of the global model (Stability frontier, ¢f. subsection III.B.1), 2)
Two complex-conjugate eigenvalues of moduli equal to 1 and small imaginary
parts.

Figure 3 - The Conditions for Stability
with Continuous (a) and Discrete-Time (b) Models

For a model in continuous time (a), stability is insured if ReA < 0. In a discretetime
model the condition is ||A]] < 1. The region corresponding to continuous-time is
represented in (b) by the dack line on the circle. We believe this is the only economically
meaningful portion of the circle to be investigated.
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B - THE ROUTE TO LONG-TERM EQUILIBRIUM
AS A SEQUENCE OF SHORT-TERM EQUILIBRIA

Subsection 1 provides the definition and interpretation of the trajectory
toward long-term equilibrium as a succession of short-term equilibria.
Subsection 2 is devoted to the study of the equilibrium and stability of
this model.

1. Definition and Interpretation

In this section, we assume that short-term equilibrium prevails at each
period and study the stability of long-term equilibrium under this
assumption. In this context, it is common to refer to a sequence of
“temporary” equilibria.

Short-term equilibrium (with the approximation that the disequilibrium
from long-term equilibrium is small) is defined by the equations displayed
in table 3. In the equations for the long-term variables (relative price, x,
and ratio of capital stocks in the two industries, 9) in the recursion for
the global model (cf. table 2), we replace the values of the other variables
by these short-term-equilibrium values, and obtain the recursion displayed
in table 4. - ,

This tecursion can be interpreted as follows:

4. Long-Term Model
(Succession of Temporary Equilibria)
The relation of recursion
Xpp1=%— A, —)
Ver1=9:— B, =3 +Clx,— 1)
with A=pgl=c°Z

ey
N2
B:ﬁ<w+ y(b—w)g—_—;——jﬁ*)
C=y(1+%?2bu

Equilibrium

x=1 y=%
The Polynomial Characteristic of the Jacobian
A—1 A

L —
PH) = ~-C X—-1+B8B
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1. The term — A(y, — y) corresponds, for example, to the fact that an
excess of capital in the first industry (y,> %) provokes a relative decline
in the price of the commodity produced by this industry. (Coefficient
in A models the reaction of prices to the disequilibria between supply and
demand.)

2. The term+ C(x, — 1) models capital mobility in relation to
profitability differentials. If, for example, the price of the first industry
is high (v,> 1), i.e. if the profit rate is large in this industry, capital will
tlow into it. (Coefficient v in C models the sensivity of capitalists to
profitability differentials.)

These two first mechanisms account for the two basic relations in the
classical analysis of the formation of prices of production: Quantities — Prices
and Prices — Quantities.

3. The term — B(y — y) represents the direct impact of quantities on
quantities. Two mechanisms are combined. One corresponds to the existence
of loans and the other to the effect of the capacity utilization rate on the
profit rate. If, for example, there is an excess of capital in the first industry
(¥:>79), then #'* will be small in comparison to #?*. The two effect follow
from this disequilibrium:

® More loans will be granted to the second industry and less in the first
industry. This corresponds to the presence of coefficient w in B.

® The disequilibrium in capacity utilization rates is manifested in a
profitability differential. The profit rate is lower in the first industry.
Capital is displaced from the first industry to the second. This is
consistent with the presence of v in B.

Note that the relation of recursion for the long run is independent from
the behavior of final consumers (parameter «) and from monetary policy
(coefficient ¢). This relation is a function of coefficient w, which models
the sensivity to the capacity utilization rate in the determination of loans
for investment, but only inasmuch as this behavior impacts on the correction
of the capital stock (the stabilizing aspect of investment in the long run).

2. Equilibrium and Stability

Long-term equilibrium corresponds 0 y, =% and x, = 1. Its stability
can be studied using the polynomial characteristic of the Jacobian displayed
in table 4. The three parameters A, B, and C are small since 8, w, and v
are themselves small. Stability is subject to two types of conditions:

1. A and C must be different from 0. If this is not the case, one
eigenvalue is equal to 1. This is equivalent to saying that the two basic
classical relations between prices and quantities must hold.
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2. A second condition is AC < B. If this condition is not satisfied, there
will be two complex conjugate eigenvalues of moduli larger than one. This

condition can also be written:
S 3
a)+y£—1—t~y—)~(b-w——[31 cbﬁ)>0

y I3

It is satisfied if (8 is small. If B is large, the separate treatment of short-
term and long-term equilibria is not possible, and only the global model
can be used.

To sum up the discussion concerning the stability of long-term model,
it appears that stability is insured provided that 8 and  are different from
0, and §is not too large. When 87 0 and v # 0, it implies that prices are
not fixed and capital is moved as a result of profitability differentials. These
two conditions are obvious. A small 8 is consistent with the distinction
between short and long-term models. Note also that B = 0, i.e., the absence
of direct Quantity — Quantity relation, prohibits stability: At least the direct
dependency of the profit rate on the capacity utilization rates is required.

APPENDIX

A - LIST OF FIGURES

1) Capacity Utilization Rate, Manufacturing Industries, Quarterly Data
(1948-1985). IPXCA.

2) Plot of u —u Against s — 5 (Résidual Around the Trends), Manufacturing
Industries, Monthly data, 1950.0r-1985.12. u=IPXMCA and
s = IVM3/MFGS. # and s are detrended using a polynomial of the
second degree in time. The variables used are the residuals.

3) The Conditions for Stability with Continnous (a) and Discrete-Time
(b) Models.

B - SOURCES

The series used in figures 1) and 2) were obtained from the citibase
Tape (crricorp 1986):
Capacity Utilization Rate, Quarterly data (Man.) 1948-1985 IPXCA
Capacity Utilization Rate, Monthly data (Man.) 1948-1985 IPXMCA
Invent. of Finished Goods, Monthly data (Man.) 1946-1985  IVM3
Shipments, Monthly data (Man.) 1947-1985  MFGS

CEPREMAP - Paris, and
LAREA-CEDRA, Nanterre.
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Convergence to Long-Period Positions.

An Addendum

Gérard Duménil and Dominique Lévy*

INTRODUCTION

This note follows the workshop on “Convergence to Long-Period Positions”
held in Siena in April rogo. Its purpose is to summarize our views on
convergence, on the basis of the various models presented and discussed during
the workshop.

The nature of the issue is well known and can be understood as a
development of the work of the classics. Adam Smith and David Ricardo,
as well as Karl Marx shared a common analysis of prices of production.
Such prices insure that the capitalists who invest in the various industries
will receive the same profit rate on their capitals. The gravitation of market
prices around prices of production is obtained as a result of the mobility
of capitals led by profitability differentials (Smith 1776, Ch. 7, Ricardo
1817, Ch. 4, Marx 1894, Ch. 10). ‘

In a more contemporary formulation, the three authors refer to what
should be called the stability of a long-term equilibrium or position. The
term equilibrium refers to a state which reprroduces itself in the absence
of further perturbation. This state is a Jomg-terms equilibrium, since it is
not obtained on the basis of given capital endowments but requires the
adjustment of capital stocks. The classics are concerned with the stability
of equilibrium, since they discuss the mechanisms which insure the
convergence toward this position, beginning with a situation of
disequilibrium, or the gravitation around this position.

Modern economic theory has not paid much attention to long-term
equilibrium and its stability. Although the notion of a long-term equilibrium
is not totally alien to the neoclassical perspective (and was part of Walras’
original project), a Walrasian equilibrium is basically a short-term equilibrium

* We thank R. Arena, L. Boceio, J. CARTELIER, P. FrascHeL, R. Franke, 1.KugiN,
W. SEMMLER, I. STEEDMAN, and D. TorrE for their comments on an earlier version of this
note. We thank Mark Glick for his aid in the translation of this text into English.

! As in the remainder of this paper, by “stability”, we mean “local asymptotic stability”.

265



by prices. Although Keynesian economists repeatedly attempted to extend
the limits of their perspective to the long run, a “Keynesian equilibrium”
is a short-term equilibrium by quantities. The consideration of a long-term
equilibrium by quantities (the allocation of capitals) is quite specific to the
classical perspective.

This analysis of the classics is remarkably transparent in comparison
with other aspects of their works (such as value theory). The point here
is the modeling of a well-defined process and the investigation of its
properties. The question is whether the mobility of capital attracted by
profitability differentials can insure the stability of prices of production?

With the benefit of hindsight, after the workshop, we believe that the
issue has now been clarified considerably. The various models can be
classified into a few broad categories, and the conclusion concerning the
relevance of the classical analysis of the formation of prices of production
can be clearly linked to a small group of assumptions. Simultaneously, many
economic or technical options appear unessential.

In our opinion, the agenda is now set to make a few basic theoretical
choices in order to determine which dynamics should be associated with
long-term equilibrium, and no longer to argue about the relevance of the
classical analysis or to select the Right Model, since many such models can
be built, though necessarily complex in some respects and simpler in others.

This note divides into three parts. The first part distinguishes the various
types of models, and the second discusses the assumptions or conditions
to which stability is subject. The third part is devoted to open questions
and future research programs.

I - MODELING THE CONVERGENCE PROCESS

Prior to 1984, few contributions had been made to the modeling of the
convergence process. To our knowledge, the first paper (in Italian) was that
of Egidi (Egidi 1975). However, the most famous contribution was an
unpublished paper by Nikaido (Nikaido 1977, published in 1983), containing
rather negative conclusions concerning the relevance of the mechanism
described by the classics. In France, a special issue (no. 6, 1981) of the
Cahiers d’économie politique was devoted to the topic. Again, the
conclusions were rather discouraging. In 1983, in a conference in Paris,?
we presented our first analytical model with conclusions favorable to the
classical perspective.

The Siena workshop was not the first meeting specifically devoted to
the topic, but followed a previous one held in Nanterre University (Paris-

2 This conference was organized by the Obsetvatoire Francais de Conjonctures Economiques.
The proceedings are available in Frrousst MUeT 1987.
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X) in 1984. A rather large group of participants? presented papers during
the two conferences. Several papers presented in Nanterre are now published
(Arena, Froeschle, Torre 1988, Boggio 1985, Duménil and Lévy 1987, and
Franke 1987). During the present workshop seven papers (Arena, Froeschle,
Torre 1990, Boggio 1990, Duménil and Lévy 1990(b), Flaschel 1990, Flashel
and Semmler 1990, Krause 1990, Kubin 1990,) were presented which can
be considered as new mathematical contributions to the debate.

On the basis of these materials and others (for example, Hosoda 1985
or Dutt 1988), it is possible to classify the models into a few broad categories,
as shown in the diagram. A preliminary distinction concerns mzark-up models
and a broad category of models based on cross-dual dynamics:*

e Mark-up

With rigid
———— proportions (1)
Pure of demand

With substitution
in demand  (2)

Cross-dual With substitution
‘ and with clearing

of the market

by prices (3)

By derivative (4
., control
" Supplemented

By the direct
b control of  (5)
quantities

Basic Structures of the Models

1. In mark-up (or full-cost) models, prices are determined from the
previous period adding a given margin to costs evaluated with the previous
set of prices. Quantities (outputs) are not involved in the price dynamics.
Several such models were presented in 1984 in Nanterre. They are analyzed
in the last part of Boggio 1990, and this point of view is adopted in Krause
1990. This type of model actually belongs more to the Keynesian than to

3 ARENA, Biparp, Boceio, DuméniL, FroescHLE, KrRAUSE, LEvy, SEMMLER, and TORRE.
4 Note that not all cross-dual dynamics are classical. Examples of cross-dual dynamics around
a Walrasian equilibrium are MorisHIMA 1977, ch. 4, and FLASCHEL 1990.
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the classical traditions.” The extension of mark-up pricing to the long term
is misleading, and the assumption of a uniform rate of mark up among
industries (to obtain prices of production) is ad hoc.

2. Cross-dual dynamics refer to the basic classical paradigm concerning
the formation of prices of production:

Dzsequzlz.brzum Modzfzccz?z.m of Dzsequzlzb{fzgm on ification
on prices  — quantities and quantities of prices
(Profit rates) (Capital mobility) (Supply and demand) »p ‘

The first relation corresponds to the allocation of capital (quantities) in
reaction to profitability differentials (prices). The second represents the
change in prices in response to disequilibrium on the commodity markets
(quantities).

The general category of cross-dual models can be, in turn, divided into
three subcategories:

1. It is first possible in the model to strictly translate the two above
mechanisms. This is what we denote as the “pure” cross-dual model. Prices
and quantities are derived from their values at the previous period, after
correction by the disequilibrium observed on quantities and prices
(profitability differentials) respectively. A double adjustment of the variables
(on the basis of the observed disequilibrium in the other variables) is implied
here. Two types of pure cross-dual models must be distinguished:

® The proportions between the components of demand are invariant,
and no substitution response to the variation of relative prices occurs.
These models were already represented in Nanterre (Boggio 1985).
They are discussed in the first part of Boggio 1990.

® The variation of relative prices impacts on the proportions between
the components of demands. This perspective follows that of Smith,
Ricardo, and Marx, for which the modification of prices by enterprises
has definite consequences for demand: An increased price diminishes
demand, and the reverse. This is the origin of the market discipline
which is imposed on individual producers, as described by the classics,
and this is the point of view that we adopted in Duménil and Lévy
1991(a).

2. A second possibility is to drop the equation corresponding to the
adjustment of prices, and to assume that the clearing of the commodity
markets is immediately obtained by prices: Prices are computed which insure
this clearing, independently of their value at the previous period. Only
capital mobility is treated in terms of adjustment. Note that this option

> Mark-up pricing on the cost of circulating inputs can be justified within models of
monopolistic competition, which are models of short-term partial equilibrium.
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also implies that the components of demand are functions of prices.é To
our knowledge, the first models of classical inspiration adopting this point
of view were Benetti 1981 and, in Nanterre in 1984, Arena, Froeschle,
and Torre 1988, and Franke 1987.7 This perspective was still present in
Siena in Arena, Froeschle, and Torre 1990 and in Kubin 1990.

3. A last group of models supplements the basic classical double
adjustment process by adding, either the direct adjustment of quantities
to quantities (or prices wo prices), or derivative control:

® With the direct adjustment of quantities to quantities a new reaction
is added, in which outputs are corrected directly in response to the
disequilibrium observed between supply and demand (but without
clearing of commodity markets). We introduced this mechanism in
1984 (Duménil and Lévy 1987), and it is central to our work on
business fluctuations. This point of view of the direct control of
quantities, denoted as “Keynesian”, has also been adopted by Flaschel
and Semmler (Flaschel and Semmler 1990), in combination with mark-
up pricing (the direct adjustment of prices to prices).

® Derivative control refers to the consideration of the variation of the
disequilibrium observed, in addition to its value (for example, the
variation of profitability differentials, together with these differentials).
The introduction of derivative control in the classical perspective has
been developed by Flaschel and Semmler (Flaschel and Semmler 1987)
and is still present in their analysis (Flaschel 1990).

Note that integral control refers to a procedure in which a variable is
modified, not only on the basis of the present disequilibrium, but also of
the sum of all past disequilibria. It is already evident in several classical
models (ours in particular), in which inventories of unsold commodities
are considered. In such models, prices or outputs are corrected on the basis
of inventories, 7. e., the outcome of accumulated disequilibria between output
and demand: |

Inventories = 2 (Output — Demand),
st
With the exception of the pure mark-up models, these contributions
define a coherent set of models which share several important common
features on which a general agreement now seems to exist:

1. Behaviors are described in terms of adjustment, i.e., the modification
of a variable in reaction to the evidence of disequilibrium, such as the

¢ A simple model for this dependency is to assume that a given share of the total available
purchasing power is devoted to the purchase of each commodity. Thus, the real demand upon
one industry is a decreasing function of the price used. »

7 If one excepts the work of Sonnenchein (SoNNENSCHEIN 1982) on the stability of long-
term equilibrium in the Walrasian tradition.
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movement of capital in response to profitability differentials. Note that
adjustment is a common feature of stability analysis (even in the Walrasian
titonnement). '

2. Quantities, as well as prices, are considered, and prices of production
are associated with a balanced growth path.

3. Prices respond to disequilibria in quantities, and quantities to
disequilibria in prices. These cross-dual dynamics are a basic feature of the
classical analysis of the formation of prices of production.

4. Convergence is studied after assuming a given technology with
constant return to scale, and a given real wage.

5. The models are “general”. Both supply and demand are determined
endogenously.

Many differences are still evident, independent of the above categories,
but we believe that they are less critical:

1. In some models, relative outputs are corrected on the basis of relative
prices, and relative prices are modified on the basis of relative outputs.
This is the option choosen, for example, in Flaschel and Semmler’s models.
Thus, individual agents are not considered. We favor the opposite point
of view and describe the behavior of capitalists and enterprises as individual
decision makers, who can only decide on the absolute value of their own
variables.

2. A second example concerns the modeling of the market. One
possibility is to refer to a disequilibrium between supply and demand,
without considering their actual confrontation in the market. This
corresponds to the procedure of “classical tdtonnement” visible in Flaschel
and Semmler, or Boggio 1990. We have always adopted another point of
view, as Boggio previously did in 1984, and actually treat disequilibrium
on the market. This choice necessitates the consideration of inventories
(and possibly rationings), since Supply — Demand = New inventories with
Supply = Output + Transmitted inventories.

3. Many other assumptions differ among the various models. The rate
of growth is equal to the profit rate or may be smaller, 7.e., capitalists do
not consume or consume a fraction of profits. The number of goods is
restricted to two (with, possibly, specific properties, as suggested in
Steedman 1984), or any number of commodities is allowed. Only circulating

“capital is considered or fixed capital is also treated. The profit rate used
. to guide the allocation of capital is the equilibrium profit rate or an average.
Money flows are or are not modeled, whereas capital mobility obviously
refers to such movements. (It is not physical capital which is moved from
one industry to the other). Discrete or continuous time is used.
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II - DO THE MODELS PROVE OR DISPROVE THE CLASSICAL ANALYSIS?

The conclusions derived in the various papers are still diverse, from the
denial of the relevance of the classical analysis to its confirmation, or the
discussion of its conditional character. In this second part, we will use the
classification presented above in an attempt to set out the assumptions and
conditions which actually matter. The analysis will be limited to cross-dual
dynamlcs

In spite of the diverse assumptions (dynamics of relative or absolute
variables, treatment of the market, reference to equilibrium or average values
of the variables in the modeling of behaviors, etc.), common basic structures
emerge after a number of manipulations of the equations (such as, in
particular, the linear development of the equations around equilibrium).
In these reduced forms of the models, relative values of the variables appear,
equilibrium values of the variables are explicit, etc. For this reason, it is
possible to abstract from many of the differences discussed earher and
compare the stability properties of the various models.

For simplicity, we consider a two-commodity model. p denotes the
relative price of the two commodities, and ¢ the relative output (or the
relative stock of capital). p and g refer to the equilibrium values of these
variables. Capital letters denote synthetic parameters which depend on
technology, the equilibrium values of the variables, and what we' call
“reaction coefficients”. These coefficients measure the sensitivity of agents
to disequilibrium and, in our opinion, are the relevant élements to be
considered in the discussion of stability conditions.

. Five Models

With this notation, the pure cross-dual model with mgzd proportions among
demand components can be written:

biv1=p,—Alg,—q)

Gi+17 q,+ B{p;,— D)

These two equations model the adjustment of prices and quantities. Each
variable, p and ¢, in #+ 1 is equal to its value in ¢ cotrected by the
disequilibrium on the other variable, ¢, — g or p, — P respectively. The
first equation shows that too much output results in a diminished price,
and the second equation indicates that a large price (profit rate) provokes
an increase in output. This explains the sighs before parameters A and B
(which are, themselves, positive).

The pure cross-dual model with substitution among demand components
is similar to the previous one, with one additional term:

pt+1:pt"A(%“§)—C(pt”’p—)
Gi+1=q;+Bp,—p)

(1)

(2) |
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As in the first model, prices are modified in response to the disequilibrium
between supply and demand. This disequilibrium is equal to the sum of
two terms: 1) A(g,—g) which accounts for the effects of supply, and
2) The new term C(p, — p) which reflects the dependence of the relative
demand components on the relative price. '

The model in which markets clear by prices also relies on the dependence
of demand on prices (an obvious prerequisite for the clearing):

Pei1=p—Alg,— 79

9:+1=4;+Bp,~p)

Formally, this model is a particular case of equations 2 where C = 1. It
is not very different from the system defined by equations 1. In the first
equation, one has only to substitute, p, the equilibrium value of the relative
price to its value, p,, in period z. However, the first of equations 3 does
not model an adjustment behavior but, instead, the equilibrium on the
market. The meaning of parameter A is different in equations 1 or 2, and
in equation 3. :

The model with derivative control can also be derived from the pure model
in equations 1, adding new terms representing the variations of quantities
in the first equation and prices (rates of profit) in the second equation:

(4)

(3)

Pir1=p.—Alg,—9 ~Dlg,—q,_)

Gv1=4+B@O,~p+EPp,—p,_)

Last, the model with the direct control of guantities is similar to the first
one, with the exception of the new term which refers to the disequilibrium
on quantities:

Pro1=p—Alg,— 9
_ ~ ~ (5)
giv1=4.+Bp,—p) — Flg,—q)
The same disequilibrium ¢, — 7 appears in the two equations.

The direct adjustment of prices to prices (corresponding to mark-up
pricing) leads to a system formally identical to equations 2. However, the
economic interpretation of the new term is different: It mirrors the effects
of market mechanisms in one case, and firm behaviors in the other.

2. Stability

It is easy to verify that the pure cross-dual case with rigid demand
(equations 1) diverges independently of the value of A and B, as repeatedly
stated by Boggio. Equations 1 can be written:

P 7D (P 70) with M= (; ""A)
9e+1—49 q9:— 4 B 1

272



The polynomial characteristic of this recursion is:

PO =deti—my = "1 A 22141448

-B A-1
The product of the two eigenvalues is equal to 1 + AB, i.e., is larger than
1 for all values of A and B. Therefore, the modulus of at least one eigenvalue
is larger than one and the equilibrium is not stable.®

The pure cross-dual model with demand substitution can be stable
depending on the values of parameters, since the two roots of the polynomial
characteristic can have a modulus smaller than 1. The substitution effect
must be large enough (C large) or, for a given substitution effect, parameters
A and B must be sufficiently small. This is equivalent to expressing the
fact that stability will be obtained if the intensity of the reactions to
disequilibrium is not excessive. It is for this reason that we contend that
the classical analysis of the formation of prices of production is logically
consistent (Duménil and Lévy 1991(a)).

When the ex ante clearing of the market is added to this model (equations
3), stability is still insured, provided that A and B are not too large. This
explains why Arena, Froeschle, and Torre (Arena, Froeschle, and Torre
1988 and 1990) and Kubin (Kubln 1990) claim that convergence can be
insured.

The same result is obtained for the other two models (equations 4 and

5), prov1ded that parameters D, E, or F are large enough (but not excessive).

Thls is the reason why Flaschel and Semmler (Flaschel and Semmler 1987
or 1990) conclude in favor of convergence, as we do (Duménil and Lévy

1990(b)).

3. Relevance?

In our opinion, it is apparent that the straightforward translation of
the analysis of the classics (which includes demand substitution) confirms
their insight. It is not possible to criticize the pure classical model on the
ground of its alleged instability. The real criticism which must be addressed
is the reliance of interindustry demand substitution (responding to the
variation of prlces) which cannot be considered as a realistic description
of competition in capitalist economies. It is for this reason that we
introduced the direct control of quantities.

Stability is always conditional. This is a common feature of all models
and is clearly stated in Flaschel and Semmler 1990 and Kubin 1990, as
well as in all of our own papers. There is nothing shocking in the notion

¢ Egidi’s pure cross-dual model (Ea1pr 1975) cannot be reduced to a system similar to equations
1. The price equation is equivalent to p; 41 =p; — Alg: — g - 1) and allows the elimination of
quantities. The price equation and the remaining recursion on quantities alone are stable. This
model is not really faithful to the classical cross-dual analysis.
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that conditions on reaction coefficients are necessary, as opposed to
conditions on technology such as posed in Nikaido 1983. It is a natural
feature of adjustment that the values of reaction coefficients must be
confined to specific intervals. The behavior of a driver in a car is a simple
and intuitive case of adjustment. If the car moves to the right, he/she must
turn the wheel to the left, and conversely. Deficient as well as excessive
reactions could be fatal. The size of the inverval must be discovered from
experience. The same is true concerning the management of capital or firms.

IIT - OPEN QUESTIONS AND RESEARCH PROGRAM

In spite of the results already obtained, it is obvious that many problems
remain. In this part, we will briefly review these areas of potential research,
emphasizing aspects which were frequently mentioned in discussions
- concerning the first version of this note, or which we consider of primary
importance:

1. The Theory of Adjustment and Reaction Parameters

The modeling of reactions in terms of adjustment describes seusible
behaviors, but it is ad boc. It is necessary to develop a theory of adjustment
and to discuss its relation to the more traditional optimization process
(Expectations are, obviously, involved in this analysis). We devoted two
studies to this issue, Duménil and Lévy 1989 and 1990(a).

2. Production and Decision Periods (or Discrete vs Continuous Time)

The view that production demands time is crucial in the classical theory
of prices of production, which is based on the notion of advanced capital,
but the notion of a period of decision (7. e., the time interval between two
successive decisions) is also implied. :

With the exception of Boggio 1990, all convergence models in discrete
time assume that the period of decision is equal to the production period.
In his model Boggio considers a production period which is a multiple of
the decision period. A development along the same line might study a model
in which decisions are continuously made (the decision period tends toward
zero), whereas the production period is not null. However, the mathematics
involved in this project are difficult.

The existing models in continuous time correspond to the case in which
both the production and decision periods tend toward zero. This approach
raises serious problems of interpretation, and the properties (concerning
stability) are different from those of models in discrete time (see Boggio
1990). For example, the equivalent of system 1 (pure cross-dual model
~ without demand substitution) in continuous time has two pure imaginary
complex conjugate eigenvalues and, therefore, cyclical trajectories.
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3. The Moving Target (Modifications of Technology and Distribution)

In about all models to date, technology and the real wage are given.
As is well known, a long-term equilibrium with prices of production depends
on these parameters. Therefore, their variations might pose a threat to
convergence. To our knowledge, little research has been done in this field.
The problem would be to analyze the gravitation process around a moving
target. It has even been suggested by Luigi Pasinetti (Pasinetti 1981) that
the definition of equilibrium would be transformed: The prevailing
equilibrium prices would result in #nequal profit rates.

4. Gravitation

The problem investigated so far has been convergence: Beginning in a
situation of disequilibrium, the problem is to determine whether the
variables will converge toward their equilibrium values (for #— o), in the
absence of new shocks. The issue of gravitation is that of the movement
of variables in a vicinity of their equilibrium values. Three approaches to
the analysis of gravitation can be defined:

¢ Random shocks are added to the model. This mechanism can be grafted
to any convergence model, and there is no fundamental difference
between the study of convergence and gravitation.

¢ Gravitation is endogenous because of the discontinuous reaction
functions (as is the case in Arena, Froeschle, and Torre 1990). The
problem with this approach is to provide a convincing justification
for the discontinuities considered.

® Gravitation is endogenous because of the existence of chaos, in the
mathematical sense of the term.

5. Business Fluctuations.

The study of business fluctuations should also be approached in terms
of stability, and the exact nature of the relationship between this analysis
and the formation of prices of production must be specified. In an attempt
to clarify this issue, we introduced the notions of stability in proportions
and in dimension. By stability in proportions, we mean the ability of the
system to determine the appropriate values of relative prices, relative
outputs, and relative stocks of capital among industries (or firms). By stability
in dimension, we mean the ability to maintain steady growth (the stability
of the general levels of activity and prices), avoiding recessions, overheatings,
or depressions.

The business cycle corresponds to instability in dimension, but it is also
possible to associate the notion of a “gravitation cycle” to instability in
proportions. A risk of confusion exists, however, between the two notions.
(We discuss this issue in Duménil and Lévy 1991(b)).
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An actual treatment of the determination of the general levels of activity
and prices is difficult, and monetary mechanisms are implied in this
determination. In most convergence models, the problem of dimension is
settled @ priori, by an adaptation of Say’s law. Consequently, they cannot
be used to study business fluctuations.

6. The Impact on Stability of the Number of Goods Considered

The manner in which convergence depends on the number of goods has
never been clarified (Steedman 1984 or Arena, Froeschle, and Torre 1990).
The question is whether a larger number of commodities is favorable or
detrimental to stability.

CONCLUSION

In our opinion, the crucial issue in the analysis of convergence to long-
period positions is the choice made from a discrete set of options, which
are reflected in the basic structure of the models:

1. Boggio is correct to contend that the pure classical model, under
the assumption of rigid proportions of demand, does not lead to convergence,
but he is wrong to favor a mark-up model approach. This perspective is
alien the demonstration of the workings of capitalism, even in its
contemporary configuration, when the issue is that of long-term equilibrium.

2. The same pure cross-dual classical model with demand substitution,
in conformity with the original analysis by the classics, is stable. However,
we believe that this model may not formalize an adequate description of
market mechanisms in capitalism, where interindustry substitution,
responding to the variation of relative prices, must be very limited.

3. The clearing of commodity markets by prices, which also implies
the interindustry flexibility of demand components, is even less satisfactory.
The models which adopt this point of view only treat one part of the stability
problem and resort to an ex ante equilibrium for the rest of the analysis.

4. Our point of view, which is shared by Flaschel and Semmler, is that
the basic model must be supplemented. We strongly support the idea that
the adjustment of quantities to quantities is the most realistic and promising
addition. '

Concerning the research program for the future, it is obvious that numerous
issues are still pending and must be investigated, but they are less important
than a judicious choice among the options above.

CEPREMAP, Paris, and
LAREA-CEDRA, Nanterre.
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