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TIME IN ECONOMICS: THE POVERTY OF SIMPLICITY 

Francisco Lou9a (*) 

By the end of the sixteenth century and of the reign of Louis XIV, the French 
philosophers engaged in a fierce debate, to be known as the Querelle des 
Anciens et des Modernes: the Anciens argued that the esthetical splendour of 
Antiquity was unrepealable, and the Modernes challenged that view. In short, 
the skirmish turned around the concept of time: for the former it was irrevers
ible, whereas for the latter time was cyclical, repeated and repeatable. Indeed, 
this is an old theme in philosophy, cyclically re-emerging. Plato, the Stoics, the 
Greek conception of circular time and the organic notion of ancient cultures 
posited time as an eternal return and rebelled against the conception of 
directionality and irreversibility in evolution, as Mircea Eliade proved in his path
breaking book (Eiiade, 1955). Yet, linear time also has its roots in the founding 
religions of modernity, since it echoes the Jewish-Christian conception of uni
form progress towards deity. 

For some time, both concepts survived in the paradox. Medieval theolo
gians and philosophers inclined for circular time, but could not ascertain an 
imposing and lawful interpretation since, as Saint Augustine put it: «If no one 
asks me, I know [what time is]; but if any Person should require me to tell him, 
I cannot» (quoted in Davies, 1995, 17). One may of course doubt if we are 
today much better equipped to answer than Augustine; possibly, we are not. 
Yet, there was an answer, and a straightforward one, which was imposed by 
the emergence of modern science: Galileo, and then Newton in the Principia 
defined «[ ... ] an absolute, true and mathematical time, [which] of itself, and from 
its own nature, flows equably without relation to anything external» (Newton, 1687, 
7). Time was then supposed to be part of the physical world, a geometric pa
rameter as Einstein insisted, or an accident of space as Hawking argued later 
on in the same mood: past and future would be essentially equivalent. And that 
is true either for the Newtonian laws and Maxwell's equations, or for relativity 
and quantum physics. 

The dominant concept of time in contemporary science received this chal
lenge and double inheritance. And although Newton's approach was considered 
to be the paradigm for legitimate science, the concept of the life cycle of time 
still resisted as some regulatory metaphysics surviving the alternative forms of 
production of sense about humanity and the world. What emerged from that 
strange mix of linearity of destiny and of medieval organicism is the modern 
concept of time, which absorbed the most obscure aspects of both philosophi
cal trends facing each other in the Querel/e. 

The constitutional paradox is obvious in the emergence of the classical 
political economy: while Quesnay and Smith defined a circular causality in or-
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ganic social time, some of their theoretical descendants imposed a scientist 
approach acritically copied from physics. In the social sciences and in particular 
in economics, which studies complex systems in real evolution, that concept of 
time was used by positivism and duly incarnated in the Law of Say and in the 
determination of equilibrium in a Walrasian system of simultaneous equations 
describing all markets. 

The impressive results, as well as the justification and the weakness of this 
endeavour are the subject of this paper. It summarizes the positivist concept of 
time (section 1 ), indicates some of its consequences (section 2), presents some 
examples of early critiques against it (section 3), and concludes briefly evoking 
alternative methods of inquiry about time and evolution in economics (section 4). 
As the first instalment of a larger project about dynamics, emergence and self
organization in economics, this paper (1) addresses the identification of the epis
temological deficiencies in the current modes of treatment of time in economics, 
and does not provide clearly developed alternative formulations. 

1 -Time without evolution 

In spite of his deficient and precarious formalization, Walras opened a new 
chapter in the history of economics when he represented the general equilib
rium of all markets as a system of simultaneous equations, whose solution was 
supposed to represent the natural state of the economy. He was certainly not 
the first (consider Cournot) and he was not alone (consider the contemporary 
movement of the marginalist revolution), but he was certainly a central and 
decisive character in the positivist movement in economics. This concept was 
synthesized in his metaphor of the lake, whose surface represented the stable 
solution of the system, if external disturbances were avoided. From this point of 
view, statics could account for the economic processes and, as equilibrium was 
the natural state of the system, dynamics could be reduced to statics and thought 
to represent the stabilization of real economies. 

In this framework, time was meaningless or just an external and irrelevant 
dimension of the process of equilibration. Its concept can therefore be summa
rized in the four following characteristics: 

1) The processes explained by the economic theories are reversible: 
after any disturbance, the natural state is equilibrium; furthermore, 
there is no essential distinction between the movement away and 
the movement towards equilibrium, since that is always the final 
state of the system; 

2) There are neither uncertainty nor structural modifications, either 
endogenously or exogenously motivated; 

3) Statics is a particular case of dynamics, and in particular it is that 
case which represents the economies; 

( 1) I thank two referees, and Jose Lufs Cardoso for his comments and suggestions. All are 
innocent of the eventual mistakes of the paper. 
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4) As a consequence of the previous premises, the growth of knowl
edge depends on induction by analogy of particulars to particulars, 
on the basis of the contiguity of the instances, i. e., of the pre
sumption that similitude is a sufficient condition for causality. 

Theses 1) and 4) were the theme of the main epistemological contribu
tions of Jevons and Pearson, following the acknowledged inspiration from Laplace, 
while Marshall and J. B. Clark discussed thesis 3) among many others. The whole 
set is coherent and defines positivism. It was the result of a large intellectual 
movement: the Marquis of Laplace, one of the forerunners of the science of 
statistics - so many times quoted for his belief in the omniscient knowledge 
that would be accessible to the enlightened r.esearchers - presented his own 
method as the faithful continuity of Bacon and the positivist empiricism: 

L'induction, l'analogie des hypotheses fondees sur les faits et 
rectifiees sans cesse par de nouvelles observations, un tact heureux 
donne par Ia nature et fortifie par des comparaisons nombreuses de 
ses indications avec !'experience, tels sont les principaux moyens de 
parvenir a Ia verite. [ ... ] L'analogie est fondee sur Ia probabilite que 
les chases semblables ont des causes du meme genre et produisent 
les memes effets. Plus Ia similitude est parfaite, plus cette probabilite 
augmente. [Laplace, 1812, cxxxv111.] 

Since causality is not directly observable, unlike similitude, Laplace argued 
that isomorphism entails isocausality in probability, and that such was a suffi
cient condition for induction. Jevons, the most Laplacean of all economists and 
one of the forerunners of the marginalist revolution, strongly supported that claim: 

We may safely accept as a satisfactory hypothesis the doctrine 
so grandly put forth by Laplace, who asserted that a perfect knowl
edge of the universe, as it existed at any moment, would give perfect 
knowledge of what was to happen thenceforth and forever after. Scien
tific inference is impossible unless we may regard the present as the 
outcome of what is past, and the cause of what is to come. To the 
perfect intelligence nothing is uncertain. [Jevons, 1874, pp. 738-9.] 

The last phrase, referred to the famous assertion by Laplace that the knowl
edge of time would be possible to any intelligence powerful enough to be ac
quainted with all the probabilities of the universe, summarizes the theoretical 
commitment of Jevons: science should progress from inductive inference. In that 
case, the adoption of the probability approach would make possible the transfor
mation of observations into laws and of laws into perfect knowledge. In spite of 
carefully avoiding any connection between his own work as a marginalist econo
mist with that as a statistician, this conception of Jevons would henceforth domi
nate economics: the regularity of the flow of time was postulated as equilibrium. 

Moreover, that concept of time had been already decisive in order to split 
from classical economics: for Jevons and later for Bohm Bawerk, the existence 
of an interval of time between the labour spent in a product and its sale was 
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the ultimate proof that labour was not the source of value, and that it qepended 
solely on the marginal utility as defined in the market. In this sense, time was 
encapsulated in variables such as capital or the valorised value, and was meas
ured by utility; consequently, it was considered to be one necessary but indis
tinguishable dimension of the economic convergence to the state of equilibrium -
time was competition in action. 

Coherently, Karl Pearson, one of the more influential statisticians of the 
turning of the century -and the one involved in a bitter polemics with Maynard 
Keynes in 1910-1911, in which Marshall himself took sides with his disciple
argued for the reversibility and control of time, since the scientist could assume 
the role of one of Maxwell's demons: 

Irreversibility of natural processes is a purely relative conception. 
History goes forward or backward according to the relative motion of 
the events and their observer. Conceive a colleague of Clerk-Maxwell's 
demon, gifted with an immensely intensified acuteness of sight so he 
could watch from enormous distances the events of our earth. Now 
suppose him to travel away from our earth with a velocity greater than 
that of light. Clearly all natural processes and all history would for him 
be reversed. [ ... ] Shortly, by motion to or from our earth, our demon 
could go forward or backward in history, or with our speed -that of 
light- live in an eternal now. [Pearson, 1892, 343-4.] 

In this framework, each event would be simply the consequence of the 
sequence preceding it and could be explained by a determinist and law-like 
system (representing equilibrium), to which some exogenous random factors could 
be added for the sake of realism (representing the disturbances to equilibrium). 
The consequences of the adoption of this theoretical paradigm were immense: 

440 

A) The reductionist Cartesian and traditional positivist strategy was le
gitimated: reality was supposed to be identifiable by the sepa
rate contribution of atomistic explanatory factors, the whole be
ing the sum of the parts. Naturally, the main consequence of the 
reductioriist strategy was to promote the linear models to an 
epistemological status they could not afford otherwise; 

B) Causality was therefore identified as a form of mechanistic deter
minism: in a functional relation, which represented the dominant 
mode of theorizing, causality was simply the atomistic condition 
for an event. Complex sequential causality with interdependence, 
or with differential hierarchical structures, or dialectical relations 
in which effects become causes were consequently rejected. But, 
as Darwin and Marx strongly argued, those cases of significant 
structures are the relevant objects tor science; 

C) Time was consequently reduced to two single dimensions: the 
intertemporal equilibrium of deterministic systems and the station
ary oscillations around that equilibrium. Obviously, in one and the 
other case evolution is meaningless: in the first case time has no 
evolution, and in the second case evolution does not have time. 
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2- Determinism and simplicity in economics 

Let's take now some of the applications of the concept of reversible and 
deterministic time in economics. Graph 1 exhibits the indexes (at constant dol
lars and measured as 1913 = 100) of investment (in equipment and structures), 
industrial production, exports and UK GDP for 1780-1991, taken from well-known 
work by Maddison and Mitchell. 
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There are two essential approaches to the analysis of economic time se
ries like these. The first one, which will not be discussed in this paper although 
it is dominant in the discipline, is to model the process as a system of well 
defined equations and to determine its point of rest or trajectory of equilibrium 
from the intrinsic properties of that system. Therefore, the deterministic system 
accounts for the relevant features of the equilibrium which is path independent, 
time is the analogue for a space dimension, causality is simultaneous and 
endogenously represented by the functional form of the equations. Moreover, 
proof proceeds by simulation and calibration and comparison between the arti
ficial and real series. Moreover, time is an endogenous implicit variable- it is 
«logical» or «theoretical time», an «axis for a logical sequence of events», and 
not a «historical sequence of events» (Schumpeter, 1939, 138 n.). As Arrow put 
it, this requires telescoping time in a simple instant. 

The second approach is based upon the statistical analysis of the time 
series, and establishes an exogenous or a strictly separable definition of time, 
since the functional form of the model represents regular equilibrium or regular 
change around typically one attractor. In that case, proof proceeds by reductio 
ad absurdum: the properties of inductive inference, necessary in order to estab
lish the argument from the model, depend on the irrelevance of the irregular 
and irreversible features of historical time. It is obvious that the differences be-
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tween this and the previous strategy are dramatic: causality is an endogenous 
property and simultaneous for the first and exogenous and eventually sequen
tial for the second; time is determined for the first and indeterminable for the 
second, in spite of the outstanding fact that the second approach vividly recom
mends quantification and measurement of the effects of time in the process 
defined by the model. Yet, notwithstanding the differences, some of the major 
difficulties are commonly shared by both methods: equilibrium is the necessary 
condition, in both cases, to produce meaningful statements. 

In practical terms, this second approach consists of the method of the double 
decomposition (the distinction between trend-cycle and impulse-propagation, 
Louga, 1997, 139 f.); for the current purpose, I want just to emphasize the as
sumptions and the consequences of that method for the treatment of time in 
this explanatory model. 

First of all, the inductive inference depends on Laplace's condition - si
militude is a sufficient condition to assert a probabilistic measure of causality-, 
which requires the a priori acceptance of the structural stability property of an 
well-identified or identifiable deterministic system. The concept of equilibrium has 
consequently been quintessential for the ideological development of the social 
sciences, but it was also decisive to establish their computational power follow
ing the positivist patterns of an exhaustive quantification and unquestionable 
capability of prediction. These were obviously the main themes of the Keynes
Tinbergen debate, in which Keynes suggested that his opponent was confronted 
with the tragic trade-off of using so short series that he could ascertain the 
hypothesis of structural stability, and being as a consequence unable to use his 
method, or to use large series so that the method be effective, but being un
able to claim for stability, namely faced with non-ergodic distributions of events. 
In that case, any reasonable hypothesis about the behaviour of the system was 
incompatible with the technique suggested in order to analyse it. 

Even worse, the assumption of equilibrium created new and even harder 
difficulties, since together with positivist determinism it implied that no relevant 
event could ever occur in such a system. In other words, the intelligibility of the 
system excluded the causality of its transformations, which were explained by 
exogenous factors of different kinds- in fact, the explanation was limited to ex
plain that it could not explain, and that it was just able to understand why it 
could not do so. 

Besides the shortcomings of these epistemological propositions, the available 
analytical methods highlighted other difficulties, partly created by the current 
methods of dealing with time (or uncertainty, or evolution, or structural change). 
In fact, time could be modelled following two possible strategies. Let me call 
the first radical exogeneity, accepting that the system is such that: 

Y= f(x, t) (1) 

where y is the variable to be explained, x is the vector of explanatory variables, 
and a peculiar variable is t, time. Let's also accept - although that condition is 
generally just implicit - that time is representable by a certain rate of evolution 
with given characteristics, knowable and stable and, fundamentally, that there is 
no correlation between t and x. In that case, the method of the double decom-
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position may be safely used, and the trend of the series of our graph may be 
extracted (e. g., by a regression of y against a polynomial in x and t). Conse
quently, (1) is supposed to take the following peculiar form: 

y= f(x) + g(t) (1') 

After that operation, a second decomposition isolates the propagation auto-re
gressive and stabilizing mechanism from the stationary series of shocks. But, 
curiously enough, this so radically exogenous time is not real time, but uniquely 
one of its representations in one of the variables, such that the simple structure 
of its series is given by the fact that observation tr + 1 is equal to observation 
tr +1. In that case, there is obviously no explanation and just an a priori restric
tion was added to the system. 

The second strategy is complementary to but weakens the previous one, 
and may be called passive exogeneity. It is accepted in this case that time is 
also part, as a simple measure, of the vector of explanatory variables, and that 
it cannot be strictly isolated as one of the arguments of the model. This entails 
of course a recognition of failure, since time ceases to be reducible to the se
ries t. But, if the y series, transformed after the regression against t or other 
procedure, is represented by a stationary oscillation around a line interpreted as 
the loci of equilibrium, the deviations being interpreted as the working of liD 
variables, the statistical inference is still on safe grounds and may proceed without 
any major challenge -with equilibrium, there is no time either in the dependent 
variable or in the independent ones. 

The incoherence of these procedures was very soori identified, namely by 
Yule who had been one of the decisive authors in the adoption of correlation as 
the method of analysis of causality, but who noted the spurious results obtain
able from inference in time series. Here is how Haavelmo recapitulated his advice: 

[ ... ] since the days when Yule «discovered» that correlation be
tween time series might be «nonsense» [(his 1921 and 1926 papers)], 
very few economists have dared break the ban on time series as an 
object of statistical inference. [Haavelmo, 1943, 13.] 

This is a very important piece of argument, namely and mostly because it 
is wrong. Indeed, many economists and statisticians, in most of the current 
applied work, dared to challenge Yule's prohibition and, with more and more 
sophisticated methods and eventually with some precautions in relation to the 
value of the correlation, this family of procedures was generalized and became 
the foundation of the powerful econometric confirmationism. In this framework, 
the process was conceived of as: 

Y= f(x) + g(t) + E1 (2) 

where E1 is the vector of shocks, or the residual of the regression, or the repre
sentation of the influenQe of the non-modelled variables, understood as small, 
random and unexplained or even unexplainable although explanatory impacts -
and the radical epistemological incompatibility of these explanations is not the 
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theme for this paper (2). The function of (2) is therefore obvious: it allowed for 
the incorporation of the methods designed in physics and mechanical statistics, 
and for probabilistic inference on the basis of the assumption of isocausality and 
no structural change - laboratory experiments time may be abolished, since the 
series are generated by the researcher under controlled conditions and may be 
forever repeated. But, in order to mimic these laboratory conditions and to use 
its methods, we should have one unchanging structure and a flow of external 
stimuli in order to check the working of the model under stress. For that, we 
just need to be in the position of Laplace's intelligence, combining equilibrium 
and the shocks, necessity and contingency- and dispensing with time, evolu
tion, change, uncertainty and human or social choice. 

It is well known that, one year after arguing as shown, Haavelmo was the 
crucial author in the introduction of the probabilistic approach in economics, 
overcoming the barrier of Yule, in spite of the shared mistrust of some of the 
most important economic mathematicians of his time, as Frisch and Tinbergen -
the future first Nobel Prize winners in economics. In order to make acceptable 
the probabilistic approach in economics, Haavelmo, and Friedman a decade after 
him, were forced to argue for the «as if,, methodology and to scorn realism. To 
present it directly, my argument is that Frisch's and Tinbergen's precautions were 
fully justified, and that the methods based upon the double decomposition, «logical 
time» and equilibrium are unable to treat irreversibility and the constructive, his
torical and concrete role of time. 

This drives us back to the Quere/le: the trend-cycle decomposition, the insula
tion of the problem of fluctuations from the study of growth, and the mainstream 
econometric approach, all assume the juxtaposition - and therefore the separabil
ity - of linear time and circular movements, so that a model may be able to com
pute the respective influences and to determine the future. Laplacean mechanicism 
and modern positivism marry under the authoritative benediction of Popper. 

3 - Critical critiques 

When elaborating his theoretical system, Walras, as many others, nourished 
the hope of transforming economics in an exact science following the model of 
the natural sciences of his day. Trusting his analytical achievements, he sent a 
copy of his Elements d'Economie Politique Pure to Henri Poincare, the most 
celebrated mathematician of the time, asking for some comments. Poincare kindly 
answered that he did not consider «utility» to be a measurable quantity, and 
that as a consequence he believed that the functions representing that concept 

(2) Let me just point out that this difficulty, clearly felt and discussed by the founders of 
econometrics, still haunts the epistemological status of the probability approach in economics. Frisch 
argued for an error-in-the-variables interpretation, based on a well established body of knowledge 
from astronomy, but its application is not obvious, since there is no way to restrict the measure
ment error to the sole dependent variable. The alternative use of errors-in-the-equations came to 
dominate in economics, and indeed it is required for the application of the Central Limit Theorem. 
A part of the contradiction is, or course, that Frisch himself was responsible for the introduction of 
the probabilistic approach, combining rigid determinism and randomness in a path-breaking paper 
(Frisch, 1933), which later on gave him the Nobel Prize. 
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would be rather arbitrary. The criticism was damaging enough, but Poincare did 
not even mention his most important concern, related to the irreversible phe
nomena- i. e., the constructive role of time. 

According to that author, the analogies flowing from the phenomena de
scribed in the framework of the Second Law of Thermodynamics could and ought 
to expand scientific knowledge beyond the boundaries of the First Law. As a 
consequence, the analogy was not any more restricted to the procedure of in
ductive inference - as a simplistic description of abstract causal contiguity in 
time - and allowed for a metaphorization of distinct phenomena from different 
sciences, as an abductive creation of new conjectures: 

Irreversible phenomena are much more rebellious [than revers
ible ones, obeying to the Lagrange equations]. Yet, these are also 
being coordinated, and tend to come into unity; the light which has 
illuminated them has come to us from Carnot's principle [the second 
Law of Thermodynamics]. [ ... ] In this way fresh analogies are revealed 
to us, which may often be followed into detail; ohmic resistance re
sembles the viscosity of liquids; hysteresis would resemble rather the 
friction of solids. In all cases, friction would appear to be the type which 
the most various irreversible phenomena copy, and this kinship is real 
and profound. [Poincare, 1903, 151.] 

Poincare developed these insights in the framework of a careful research 
about the arrow of time. He noted that the dynamic systems could be repre
sented as a Lagrangean, as the summation of the kinetic energy and the po
tential energy, and that under the condition of the potential energy being zeroed 
the system was integrable. Thus, it could be described by a Hamiltonian, as an 
isomorphism to a system of free oscillations, of particles without interactions. 
Otherwise, if the potential energy resulting from the interaction of the particles 
-the resonances between the degrees of freedom of the system, or the rela
tions between its constitutive frequencies - was different from zero, the inte
gration of the system was generally not possible: that was the «indeterministic 
hypothesis». In that case, the dynamics of the system could not be reduced to 
the concept of trajectory and the long-range correlations were essential to un
derstand the nature of its indeterminacy. Obviously, a real process in time com
monly generates that kind of «Poincare's resonances». 

This was a major shift, and indeed it answered one of the pervading rid
dles in modern science, since Galileo redefined time: for the previous authors, 
rigorous science was certain by definition, and only the limits of the current state 
of knowledge could justify the recourse to probabilities. That was the statement 
of Laplace as well as of Leibniz: probabilities were a measure of ignorance, 
and the same was argued by Gibbs and by Einstein. Moreover, if certainty could 
be attained, time was no more than an illusion and its mysteries could be un
veiled- time was part of that «geometry in four dimensions», as Lagrange put 
it so nicely (Lagrange, 1796, n. 19), or Einstein after him (3). 

(3) «On the invariant ds (= 0] a four dimensional geometry may be built up which is a large 
measure analogous to Euclidean geometry in three dimensions. In this way physics becomes a 
sort of statics in a four dimensional continuum, (Einstein, 1992, 378). 
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The conclusion of Poincare challenged these views, since he detected an 
intrinsic randomness in complex systems and identified the irreducible character 
of most dynamic systems, wherever the resonances and the potential energy 
accounted for interactions between the constitutive frequencies. In that case, the 
individual trajectories cannot any more be represented at the statistical level: 
the fourth dimension destroys the Euclidean geometry. The simultaneous tragic 
effort and failure of Boltzmann, who tried to tame the paradox of time and to 
deliver in physics what Darwin had accomplished in biology, an evolutionary 
description of all major phenomena, proved that the available concept of prob
ability was still restrictive. 

Considering the next episodes, it is most surprising to notice that Poincare's 
conjecture was shared by Maxwell. In 1876, in a conference subordinated to 
the fascinating topic of the relation between free will and determinism, he ar
gued that the solution of a system of differential equations represented its tra
jectory of equilibrium, but that in some cases it faced discontinuities, these cases 
being the more frequent as the number of involved variables increased. Or, in 
other words, irregularities emerge when we have non-linearities and interdepend
ence between the causal factors, that is, Poincare's resonances. In that case, 
according to the formula he used, small causes could provoke large effects and 
even bifurcations or structural changes in the behaviour of the system, a word 
could prevent an action, a sparkle could ignite a fire in the woods (Maxwell, 
1876, 434). 

What Maxwell and Poincare were suggesting was that, in real systems in 
real time, non-linearity and complexity dominate. That was also the early suspi
cion of Marx and of Darwin, who opposed their concepts of significant struc
tures, of differential hierarchies and of the causal role of intermediary levels, 
encapsulated in the concepts of organicity (Darwin) and of totality (Marx), to the 
mainstream paradigm of simplicity. Against positivist science built on the antinomy 
of necessity (determinism) and contingency (randomness), they argued that both 
were part of the same reality: contingency (mutation) and necessity (natural 
selection) organized the evolution of species, or contingency (class struggle) and 
necessity (the dialectics of internal contradictions of capitalism) determined so
cial coevolution. In one and the other case, the laws were determined by their 
opposites, and the dynamics was ruled by disequilibrium (4) - being is becom
ing, as Hegel so eloquently noted (Hegel, 1807, 17-18). 

These critiques were ignored by most economists. The Marxists were 
marginal enough in economics and feared in society, and consequently their 
arguments could not influence the dominant patterns of scientific inquiry. And 

(4) The notion of time in biology and in particular in Darwin was discussed by the author in 
another place (Louga, 1997). Marx is a parallel and difficult case, since he shared so much of the 
traditional misconceptions of the scientism of his days, but he also emancipated from positivism 
and fought the late classical and neoclassical equilibrium accounts of the evolution of capitalism. 
In particular, as emphasized by Tombazos (1994, 84, 99, 107, 197 f.), the Capital proceeds through 
three distinctive levels of time: the mechanical time of production, the chemical time of circulation 
and the organic time of reproduction - all these being part of the arrhythmic phases of the evo
lution of capital. The intertwining of different modes of time is a specific and essential feature of 
Marx's work. 
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the biologists were seen as promising researchers although not rigorously sci
entific -in the decade of 1970, Karl Popper, who established the epistemic ref
erence for the second half of the century, still exiled Darwinism out of science, 
charged for not being able to make unconditional predictions. 

As a consequence, in the palace of orthodoxy most people were ready to 
accept statics as a representation of dynamics and stationary processes as 
adequate proxies for evolutionary ones, i. e., that time was a reducible variable. 
Although some difficulties were acknowledged and discussed in successive 
rounds of the Querel/e, the marketplace of ideas favoured the computable, ideo
logically sound and simplistic alternative. Meanwhile, ignoring these intrigues in 
the court, a heroic cohort of positivists went on looking for the conditions of 
convergence and stability, defending the fortress of equilibrium and postulating 
rationality and the perfect expectations of the homo economicus. 

One of the exceptions was of course Marshall, who vaguely inspired a 
critical school from Keynes to Robinson. By the last years of his life, Alfred 
Marshall was frankly hostile to the available mathematical formalism, and in 
particular to comparative statics in whose development he had been so influen
tial. A letter to J. B. Clark stresses both this mistrust and the point about the 
irreducible character of dynamics: 

What I take to be a Static state is [ ... ] a position of rest due to 
the equivalence of opposing forces which tend to produce motion. 
I cannot conceive of any Static state, which resembles the real world 
closely enough to form a subject of profitable study, and in which the 
motion of change is set aside even for an instant. [Letter of Marshall 
to J. B. Clark, 1902, in Marshall, 1925.] 

In his previous Principles, Marshall divided economic phenomena into time 
frames according to their relative inertia. Although this is challenged, since 
Marshall was also associated to the neoclassical-general equilibrium approach 
of time and prefered a disequilibrium approach (De Vroey, 1997, 15), one can 
also make the case that Marshall was in fact discussing the adaptive behaviour 
of agents and the «hierarchical order of speeds of adaptation» (Leijonhufvud, 
1995, 1503 n.). 

Following this insight, Maynard Keynes developed the deepest critique of 
orthodox economics in the first half of the century, challenging both the founda
tions of inductive inference (5) and the commonly used rules for analogy, and 
arguing for a radical conception of uncertainty. But it is well known that Keynes 
departed from the Marshallian tradition since he suspected the use of the ceteris 
paribus condition, although it still is implicit in his own theory of effective de
mand and his incursions in monetary theory. In general, Keynes opted for re
stricting his own inquiry to the short term - and consequently he could not ad
dress the problem of dynamics and of time, the fundamental enigma of 
economics. 

(5) For Keynes, the legitimacy of mechanistic inference was restricted to the case in which 
the principle of limited independent variety could be established (v. his polemics with Pearson in 
1910-11 and the argument about Tinbergen's multiple correlation in 1938-40). 
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4 - Empirical perspectives and theoretical critiques 

Most neoclassical methodologists completely avoided the issues of time in 
economics, with the single justification of the dichotomy between history and 
science, which was simultaneously built as the Wall of China protecting the dis
cipline from contamination by indetermination. As always, Paul Samuelson ex
pressed this fear in a straightforward way: 

[Neoclassical economists] naturally tended to think of models in 
which things settle down to a unique position independently of initial 
conditions. Technically speaking, we theorists hoped not to introduce 
hysteresis phenomena into our model, as the Bible does when it says, 
«We pass this way only once,, and, in so saying, takes our subject 
out of the realm of science and into the realm of genuine history. 
[Samuelson, 1970, 184-5.] 

This modelling strategy eventually justifies the cursory treatment of time, 
mostly concerned with getting rid of it from the system of equations, as well as 
the lack of attention to the epistemological implications and requirements of the 
techniques in use, and finally the paradoxical recourse to the arguments of both 
contenders of the Querelle in order to produce conclusions from the models. 

In fact, while reducing time to an endogenous variable determined by the 
model itself is a hopeless strategy, to reduce time to the condition of an 
exogenous variable - according to the alternatives of radical exogeneity or of 
passive exogeneity, or both- is a bright way of avoiding but not of solving the 
problem (6). Furthermore, these strategies imply the closure of the system in its 
two dimensions, as noted by Lawson (1989}: 

A) The extrinsic closure: nothing in the exterior may affect the sys
tem, in the sense of modifying its properties or relations; 

B) The intrinsic closure: all the relevant variables (x) and the structure 
of the system (f) are supposed to be known or knowable and, the 
other causes being in large numbers, exogenous and unknown, they 
must cancel each others and obey the Central Limit Theorem. 

Under these conditions, inference is possible, parametrization is obtainable 
and indeed trivial, its economic explanation is consistent and its conclusions are 
evident: we have a deterministic system (a system of simultaneous equations, 
desirably approximated by linear representations) expressing the crucial prop
erty of equilibrium, and we have furthermore the exogenous shocks expressing 
the causation of the system. But none of these specifications is able to repre
sent time: as Tinbergen understood so well, we have just a testemonium 
paupertatis of the theory. 

(6) Based on Kalecki, I suggested the generalization of the concept of «semi-autonomous 
variables» (Low;:a, 1997), in order to account for the interrelation between different levels of ab
straction in the analysis and for those modes of determination which cannot be represented in the 
strict formalism of statics («the theory of exogenous changes») or dynamics («the theory of en
dogenous changes», Machlup, 1967, 34). As Prigogine (1996) argues, this requires a generaliza
tion of dynamics. 
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Indeed, decisive reason - if any other existed - to pay attention to some 
of the major heterodox contributions in economics is the discussion of this epis
temological conundrum, ignored in the mainstream since it challenged the posi
tivist building block of the theory. Although a survey of such debates is incom
patible with the scope of the current paper, two examples are enunciated in 
order to point out some of the possible new directions for the research. One is 
from one author unfairly forgotten in the profession, Joan Robinson, and an
other from someone scarcely known by the economists, Stephen Smale. 

In a conference in Oxford in 1973, Robinson criticised the futility of the 
concept of «steady growth», as a mechanical transcription of an explanation in 
space to the time dimension: 

Furthermore, the concept of «stability», based on a mechanical 
analogy, is inappropriate in economic analysis. From mechanical move
ments in space, there is no distinction between approaching equilib
rium from an arbitrary initial position and a perturbation due to dis
placement from an equilibrium that has long been established. In 
economic life, in which decisions are guided by expectations about 
the future, these two types of movements are totally different. 
[Robinson, 1979, 49.] 

The author added that the relevant problems to the economist, such as 
those of technological change, could not be treated by the postulate of equilib
rium, which implies a given and unchangeable state of knowledge. And she noted 
that the metaphor of equilibrium was derived from physics, and that only in the 
artificial experimental conditions of the laboratory could the dimension of space 
be equated to that of time. Some years before, Lukacs made the same com
ment in another context(?). 

Smale, a winner of the Field Medal, published in 1980 a book, The Math
ematics of Time, formulating two important critiques to the concept of time in 
orthodox economics. First, says Smale, there is no explanation for convergence 
and therefore for equilibrium: indeed, when the book was published, Debreu, 
Mantel and others had already abandoned the research program on the prop
erty of stability and proved that equilibrium, if existed, was not stable. As a 
consequence, the Walrasian program -to establish simultaneously the proper
ties of existence, uniqueness and stability of equilibrium - must be buried. The 
second critique concerns the lack of realism of optimization in the long-range 
(Smale, 1980, 117), that model of Arrow and Debreu restricting time to the perfect 
perception, in a given moment, of all the transactions in the future and to the 

(7) «Le temps perd ainsi son caractere qualitatif, changeant, fluide: il se fige. en un con
tinuum exactement delimite, quantitativement mesurable, rempli de 'chases' quantitativemente 
mesurables [ ... ]: en un espace. Plonges dans ce temps abstrait, exactement mesurable, le temps 
qui est devenu l'espace de Ia physique, et qui est un meme temps un·e condition, une consequence 
de Ia· production, specialisee ·et decomposee de fagon scientifiquement mecanique de l'objet du 
travail, les sujets doivent etre necessairement decomposes rationnellement d'une maniere 
correspondante.» (Lukacs, 1960, 117-118.) 

449 



Esruoos DE EcoNOMIA, VOL. XVI-XVII, N. 0 4, 0UTONO 1997 

choice by every agent, endowed with a single rationality, of one only and defini
tive strategy for all her or his life, closing the markets for perpetuum seculorum. 
Once again, this formalism cannot represent time. 

Let's reconsider for a moment the series represented in fig.1. They wit
ness the general evolution of the dynamics of the economy: there are periods 
of convergence and divergence between each series, there is a general upward 
co-movement, and there are some major shifts and breaks. And, since they 
represent the conjugate effect of a myriad of factors and agents acting through 
history, the hypothesis of there being important interactions among them is in
tuitive and crucial. In one word: there are sound reasons to conjecture the ex
istence of Poincare resonances in these processes. There are also obvious 
theoretical reasons for that, as Keynes suspected, since there is no limited in
dependent variety. Last but not least, there is strong empirical evidence in that 
sense: using a non-parametric statistics based on the Grasserberger-Procaccia 
measure of correlation, it was possible to reject the hypothesis that the fluctua
tion in these processes was generated by liD variables. It was furthermore 
possible to hypothesize that they were created by nonlinear (complex) phenom
ena, and moreover that whenever the liD hypothesis is accepted it is a spuri
ous effect from aggregation (Louya, 1997, 319 f.). As a consequence, in this 
case linearity, normality and independence are mere illusions, and (2) is irrel
evant and inaccurate. 

The consequences are devastating. If there are resonances, and namely if 
there is low frequencies dependence or a long memory process, the methods 
of least squares, ARIMA, spectral analysis and other procedures become sus
pect. And the fundamental reason for the imposition of the double decomposi
tion is highlighted: it is the condition for the appearance of normality and of 
independence of the causal variables and for their aggregation and representa
tion as random variables, imposed by the censorship of variance. But if there is 
a nonlinear and historical dependence, therefore heteroskedastic and eventually 
with infinite variance, then those method are rotten. 

If instead one proceeds to a historical analysis of the available evidence, 
an explanation for some of the major shifts and changes of regime naturally 
occurs: the intertwining of the political and economic factors, namely the decline 
of the British supremacy and the impact of the World Wars on the twentieth 
century, has a lion's share in the explanation of the peculiarities and divergence 
of the series. Otherwise, the mechanistic treatment of the evidence is incompe
tent to provide an explanation for that evolution, since it imposes wrong assump
tions and falser conclusions: the use of dummy variables for these periods ac
counting for the major oscillations of the variance, once extracted the trend, 
implies the acceptance of a complete separability and additivity of the political 
and economic factors, i.e., that there is no resonance among them; the stand
ardization for avoiding heteroskedasticity implies that, under the appearance of 
one single series, we have then two or more series weighted by different esti
mated variances, though imposing their incomparability. Both these methods avoid 
the problem and are unable to solve it- and the same applies to interpolation 
or other punitive methods against the empirical original evidence. 

Time is the framework or the dimension of these forms of change and 
evolution. It is not reducible to the superimposition of a set of exogenous causes 
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and an independent and stable flow of measurement abstractions we may dub 
as time for convenience. It is not reducible to a controlled propagation system 
accounting for equilibrium plus a series of shocks explaining deviations from it 
under the heroic condition of being small, of concealing each others and, as a 
matter of fact, of being meaningless. Equilibrium, a most pernicious metaphys
ics, imposed the philosophy, the methods and the conclusions so that time was 
reduced to a perfectly circular flow or to a straight Euclidean line - but equilib
rium is useless whenever we consider real events, real processes or real evo
lution in which resonances are part of the structure. 

Mandelbrot, following from Poincare, suggested that a second generation 
of indeterminism was necessary in order to inquiry into this general class of 
phenomena and to match the challenge: 

[ ... ] the conventional wisdom [is] that the study of the weather 
and of economics is just a bit harder than the study of perfect gases, 
but that it will eventually achieve the same degree of perfection. To 
the contrary, my work suggested a profound qualitative distinction 
between the underlying fluctuation, and suggested that the theories of 
the corresponding phenomena were bound to differ sharply. 

[ ... ] On the other hand, the facts already established by 1964 
about the fluctuation of weather and of prices indicated that they were 
«erratic». The ill-chosen Latin word did not last, and has come to be 
replaced by the corresponding Greek term, «chaos». To fact chaotic 
fluctuations, my work invited the sciences to move on to a second 
stage of indeterminism. [Mandelbrot, 1987, 118.) 

The study of complexity as a building characteristic of the economic proc
esses is therefore the first tentative solution to the enigma of time. The crucial 
conditions for its development are the following ones: 

1) To abandon the idea of capturing time as a single variable in a 
simplistic framework. In that sense, we must dwell upon the 
nonlinear structure and the intrinsic randomness of the processes 
under inquiry; 

2) The study of the emergent properties of complexity becomes the 
decisive feature in the qualitative analysis of a series; 

3) To combine history and statistics, so that history leads the forma
tion of the statistical hypothesis necessary in order to define and 
check the model. 

Such a change is the condition to develop the formal and analytical rigour 
that is decisive in economics (8), according to the nature of the processes we 
are scrutinising, in which contingency and necessity are paired. This is also why 
the complexity approach is inseparable of an affirmative historical heuristic, in
terpreting the time series as part of social totality. We are thus invited to aban-

(B) There are several alternatives, which will not be explored in this paper. For instance, 
Vickers takes an empirical approach in order to model fundamental uncertainty, on the basis of 
uin time analysis, (Vickers, 1994, 106), a Shacklean decision model and procedural rationality. 
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don and condemn the reductionist and positivist strategies, which hoped to ground 
the authority of science on the basis of the exhaustive quantification and the 
vindicated simplicity of economic relations. In other words, what we are about is 
to pass from simplicity to organized complexity, as part of the general process 
of paradigmatic change, as indicated in the following map: 

FIG. 2 

A map of science 

Simplicity 

Organized simplicity 

Complexity -> Simplicity 

Disorganized complexity 

Organized complexity 

Aristotle 
Plato 
Euclid 

Newton 

Gauss 
Pearson 
Galton 

Boltzmann 

Maxwell 
Poincare 

Mandelbrot 
Bak 

Kauffman 

In this framework, time cannot be represented neither by an endogenous 
nor by an exogenous variable: even accepting that the trend represented the 
chronology of the system, there is always a prevailing structure in every vari
able, which is its irreducible time dimension. The complexity approach to the 
reverse problem -the identification of the structure of a time series - provides 
instead some qualitative insights on the dynamics and the nature of the process 
of evolution, and these are its shortcomings and advantages. Time is therefore 
a constitutive part of complexity, or even its decisive part. Based once again in 
developmental biology (Waddington, Brian Goodwin, Stuart Kauffman), in the 
research about complexity (Poincare) and the fractal geometry of nature 
(Mandelbrot) and self-organized criticality (Per Bak), this analysis of complexity 
is simultaneously more complete and more prudent than that suggested by the 
positivist epistemology. More complete, since based on a realist epistemology 
that defines the larger space of the object; more prudent, since based on the 
limits of the space of the subject. 

Economics is historical and evolutionist science by nature: it is not from 
the rigid and successful laboratory experiments in nineteenth-century physics but 
mostly from different narratives, such as those of Bachelard on the forms of 
time, of Braude! on the poli-rhythmic structures of history, of Valery on time as 
construction, of Bergson on time as invention, that economics must take inspi
ration in order to establish its own rigorous, quantified and qualified methods of 
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research. Curiously, this will finally approximate economics from contemporary 
physics, which studies the grammars of nature and the complexity of evolving 
and emerging phenomena. 

The distinction between nomographic sciences, interpretable according to 
a mathematical law, and ideographic sciences, ideological and subjective, has 
been used through time as an arbitrary and simplifying classification. It is time 
to reject it. John Hicks, a Nobel Prize winner, vindicated once that classification 
in order to argue that, while studying dynamics, economics was closer to his
tory and farther from science (Hicks, 1985). My argument is just the opposite: it 
is because it becomes more historical that economics is more scientific, since 
history and science are just the same in the human quest for understanding. 
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