GUEST COMMENT

Econophysics and economics: Sister disciplines?

Econophysics is an interdisciplinary field that applies vari-
ous models and concepts associated with statistical physics
to economic and financial phenomena. At first glance, it
might be thought that economics and econophysics share the
same kind of analysis of economic reality. I argue that eco-
nomics and econophysics are very different. Although the
former is an a priori social science, the latter has its meth-
odological roots in the physical sciences.

Econophysics is a hybrid discipline whose name' results
from the contraction of “economics” and “physics.”2 Econo-
physics is not just a new fashion in the set of existing eco-
nomic theories. It is a new way of thinking about economic
and financial systems based on the universality of statistical
properties and complexity. Econophysicists use the tools and
concepts of statistical physics3 and complexity science” to
describe socioeconomic systems (markets, companies, and
national economies) as complex systems.

Econophysics is a new discipline that has generated sev-
eral methodological debates.” More and more papers on
econophysics have been published in journals devoted to
physics and statistical mechanics.® Several meetings dedi-
cated to this topic are regularly organized,7 and new Ph.D.
programs in econophysics have recently atppeared.8

Are econophysics and economics complementary fields or
totally separated disciplines? In this paper I argue that econo-
physics is not a subfield of economics, and these two fields
are separate disciplines.

There are two kinds of gaps between economics and
econophysics. The methodological gap refers to a way of
doing science. Although economists base their work on
a priori methodology, econophycisists use a data-driven
methodology. The other gap concerns the way they think
about reality. Econophycisists and economists do not see the
world in the same way.

In contrast to econophysics, economics is not an empirical
discipline. Even if there are debates about the empirical di-
mension of economics,9 the empirical dimension in econom-
ics is exaggerated.l0 According to econophysicists, complex-
ity studies need an empirical basis."" “The real empirical data
are certainly at the core of this whole enterprise [econophys-
ics] and the models are built around it, rather than some
non-existent, ideal market [as in economics].”12 This empiri-
cal dimension is frequently mentioned in econophysical
research'® and is often presented as the main difference with
economics.'

This difference between economics and econophysics can
be illustrated by considering fat tails or financial crashes.
Economists assume that price changes obey a lognormal
probability distribution with a near zero kurtosis (a mesokur-
tic distribution). This a priori perspective implies that mas-
sive fluctuations have a very small probability. However, real
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data show a positive kurtosis and a leptokurtic distribution in
which extreme events have a higher probability of
occurring.15 By beginning with observed data, econophysi-
cists develop models in which some extreme events such as
a financial crash can occur.'® This a priori thinking leads
economists to underestimate the occurrence of financial
crashes. “The standard theory, as taught in business school
around the world, would estimate the odds of that final, Au-
gust 31 [1998] collapse at one in 20 million—an event that,
if you traded daily for nearly 100 000 years, you would not
expect to see even once.”"? However, several financial crisis
were observed during the past century, and therefore eco-
nomic theory seems to be unable to describe this kind of
phenomena. 1718

Due to this a priori approach and inability to describe the
real world, there is in the econophysics literature an explicit
rejection of the key concepts from modern economic theory
that are considered as empirically and logical flawed."® Most
economists develop abstract models with many unrealistic
restrictions to assure the theoretical stability of their models.
They have an a priori model and try to shape their data to
find their a priori principles in reality.19 This a-priorist ap-
proach is rejected by econophysicists, who work on data-
driven models that are developed to describe economic real-
ity.  While economists invent economic  reality,
econophysicists try to describe it.

The other gap is that econophysicists and economists do
not work in the same paradigm. “Arguably the clearest con-
trast between the approach of econophysicists and more
regular economists, has been in the conviction of the former
that many of these phenomena can be better described using
scaling laws that imply non-Gaussian distributions exhibiting
skewness and leptokurtis rather than a Gaussian
distribution.”® The ways of using probability and reducing
uncertainty are not the same in economics and in econophys-
ics. In economics, theoreticians reduce uncertainty to risk by
using some statistical transformations to achieve a Gaussian
world and then apply statistical measurements. Therefore, in
economics, uncertainty situations are reduced to a priori sta-
tistical models. This a priori perspective leads to confusion
between uncertainty and risk (often reduced to the statistical
variance of data). This kind of reduction is not a problem per
se. The issue is about the a priori dimension (independent of
reality) of economics and the fact that uncertainty is reduced
to risk.?' Economists tend to forget that their probabilistic
approach to uncertainty is an incomplete representation of
reality, and they substitute their models for uncertainty.

In econophysics the concept of uncertainty is not given by
a priori model. The main objective is to provide a more
operational form of uncertainty than neoclassical economics
by developing several ways of modeling uncertainty. By pro-
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viding a collection of operational instruments to study uncer-
tainty situations, econophysics becomes to a more
uncertainty-oriented discipline than economics.”

Epistemologically, econophysics is founded on the univer-
sality of statistical properties. This statistical universality is
characterized by scaling laws that are at the heart of
econophysics.21 Scaling laws can be viewed as the macrore-
sult of the behavior of interacting parts. These interactions
are independent of the microscopic details and depend only
on a few macroscopic parameters.22 The scaling laws are
emergent properties because they do not emerge causally and
are not reducible to the sum of properties of the
c:omponents.23 Despite this diversity, complex economic sys-
tems seem to obey a kind of invariance that can be charac-
terized by power law** distributions of the general form®
p(x) ~x~% where p(x) is the probability of an event of mag-
nitude x and the scaling exponent « can be determined either
by empirically observed behavior of the system or by a
theory or simulation.

The real world described by econophysicists is not Gauss-
ian. By using a more leptokurtic distribution, they find that
extreme events have a significant probability to occur. Poten-
tial extreme events resulting from the complex systems are
then taken into account in the econophysics approach. This
consideration of extreme events is not observed in econom-
ics where stability is ensured by the Gaussian framework that
makes the occurrence of extreme events very improbable. In
this perspective, how can economists explain a financial
crash?

Both economics and econophysics imply a particular
reductionism.”® Economic theory is based on an atomistic
reductionism in which reality must be explained in terms of a
rational representative agent; econophysics is more based on
an interactive reductionism where complex phenomena can
be described through interactions between its parts. This dis-
tinction is important because it involves some empirical im-
plications. By basing all economic macrophenomena on the
rational representative agent, economists implicitly set the
marcolevel equal to the microlevel. The consequence is that
all macroconcepts such as “market,” “systemic risk,” or “fi-
nancial crisis” are misunderstood in economic theory. In this
perspective it is impossible to describe and understand an
economic crisis such as what we faced in 2008. As men-
tioned, econophysicists provide a theoretical framework that
is adapted to the analysis of extreme events. Moreover,
econophysicists focus their work on interactions between all
parts composing the complex system. Because economic ac-
tivity is interactive in essence, this perspective is more ap-
propriate for understanding the connections between all parts
of economic systems (firms, banks, and households) and the
extreme events (a financial crisis) observed in economic re-
ality.

Another fundamental difference between econophysicists
and economists concerns the psychological assumptions
about economic agents. In neoclassical economic theory, ra-
tionality appears to be fundamentally causal and explains all
the individual agents’ behaviors.”” In this perspective all
macrophenomena result from a homopathic causality, where
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the total effect of several causes acting in concert is identical
to what would have been the sum of the effects of each of the
individual causes (actors) acting alone.”® Econophysicists do
not care about rational agent theory. By considering that
“market components” (including traders, speculators, and
hedgers) obey statistical properties, most econophysicists
avoid the difficult task of theorizing about the individual
psychology of investors.” Only the macrolevel of the system
can be observed and analyzed. Economic and financial sys-
tems consist of a large number of components whose inter-
actions generate observable properties such as scaling laws,
which are independent of microscopic details (individual be-
havior). These emergent properties are based on a hetero-
pathic causality30 because they cannot just be characterized
by the sum of individual behaviors.

In conclusion, the methodological gap between econo-
physicists and economists is huge. The main differences be-
tween these two disciplines can summarized as follows: (1)
Different ways of doing science (empiricism versus an a pri-
ori approach), (2) different use of the notion of model (data-
driven models versus a priori models), (3) different way of
characterizing the future (uncertainty-oriented versus risk-
oriented), (4) differences concerning the potential occurrence
of extreme events (instability versus stability), (5) different
kind of reductionism (interactive versus atomistic), (6) dif-
ferent epistemological foundations (macrolevel versus mi-
crolevel), and (7) different kinds of causality (heteropathic
versus homopathic causality).
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