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Abstract

Stock market crashes are traumatic events that affect the lives of millions of people around
the globe and have tremendous economic implications. Crashes are not only dramatic, but
often completely unexpected. The 1987 crash, for example, was not induced by any obvious
trigger. Even after the fact, it is hard to find the reason for the crash — Why did the market
crash in October rather than in September or December? Why did it crash at all? To this day,
we lack satisfactory answers. This paper shows that spontaneous market crashes can be
explained by a ‘social phase transition’ mechanism similar to statistical mechanics phase
transitions. Investors’ heterogeneity plays the role of ‘temperature’, and is key in determining
the possibility and magnitude of the crash. The analysis suggests that dramatic crashes are a
robust and inevitable property of financial markets. It also implies that market crashes should
be preceded by an increase in price volatility, as empirically observed. Thus, market crashes,
like earthquakes, are a fundamental and unavoidable part of our world. However, we can
develop early warning systems that may help minimize the damage.
© 2007 Elsevier B.V. All rights reserved.
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0. Introduction

The daily fluctuations of the S&P500 index have a standard deviation of
approximately 1%. On October 19, 1987, this index fell by more than 20%, a very
dramatic event notoriously known as the ’87 crash. If the crash would have been a
response to a 9/11 type of catastrophe, it would not have been an economic puzzle.
However, no significant event triggered the crash. It appears to have been
spontaneous. This phenomenon is very difficult to explain with standard economic
models (see Roll, 1988a).!

In statistical mechanics, phase transitions where a very small parameter change
leads to a dramatic change in the system’s macroscopic properties have been
extensively studied (see, for example, Stanley, 1987; Anderson, 1997). Thus, in
searching for an explanation for market crashes, it is natural to look for analogies
between stock markets and statistical mechanics systems. Indeed, stock market
systems have some fundamental features in common with statistical mechanics
systems, such as a system of spins in a magnet. Both systems are composed of many
interacting elements (investors or spins) that have an inclination to conform with one
another. For spins, this ‘inclination’ is driven by the magnetic force. Investors also
have various economic and psychological reasons to conform with each other. For
instance, investors may take the ‘average investor behavior’ as an informational
signal: If an investor observes a buying ‘frenzy’, he may interpret this as everybody
else having some positive information, which may lead him to join the frenzy (and
the opposite for selling; see Welch, 2000; Bikhchandani et al., 1992).> Investors may
also rationally choose to conform with the actions of their peers in order to hedge
against changes in consumer prices that may decrease their buying power (DeMarzo
et al., 2004). Psychological and social reasons, such as peer pressure, may also drive
investors to conform (Duflo and Saez, 2002; Hong et al., 2003; Madrian and Shea,
2000). We show here that just as the magnetic interaction plays a key role in spin
system phase transitions, the conformity effects play an analog central role in market
crashes.

The idea of modeling social interactions in a way similar to interactions in many-
body statistical mechanics systems has fascinated many researchers, and has led to
important insights. Some of the main studies taking this approach are Weidlich
(1972, 1991), Follmer (1974), Haken (1977), Topol (1991), Brock (1993), Lux (1995,
1997), Durlauf (1999), and Brock and Durlauf (2001). Most of these studies typically
model the social system investigated as a system of identical interacting ‘particles’ or
‘spins’ with stochastic dynamics. While this approach has proven extremely useful, it
has been criticized on the grounds that spin systems and financial markets are
fundamentally different in some key aspects (Hors and Lordon, 1997). Spins are

"For several possible explanations of market crashes, see Gennotte and Leland (1990), Topol (1991),
Levy et al. (1994), and Lux (1995).

The profitability of such ‘momentum’ trading strategies versus the opposite ‘contrarian’ strategies has
been empirically found to depend on the investment horizon, with momentum trading being advantageous
for relatively short horizons and contrarian trading being more profitable for longer horizons. See, for
example, Jegadeesh and Titman (1993), Grinblatt et al. (1995), and Balvers et al. (2000).
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