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abstract
This paper presents a brief analysis on the distribution of magnitude of major stock market
shocks. Based on the Gutenberg–Richter law in geophysics, we model the dynamics of
market index returns prior and after major crashes in search of statistical regularities. For
a large number of market crashes, our analysis suggests that the distribution of market
volatility before and after the stock market crash is described well by the Gutenberg–
Richter law, which reflects the scale-invariance and self-similarity of the underlying
dynamics by a robust power-law relation. In addition, the rate of the decay of the aftershock
sequence is well described by another power law, which is known as the Omori law. Power
law relaxation seems to be a common behavior observed in complex systems such as the
financial markets.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
A question central to research on financial crisis is how stock market crashes are generated and how stoutly they influence
economic activity. Financial crises and crashes attracted enormous attention and have always been on the center of policy
makers’ attention. With the recent 2007–2009 financial crash, policy makers are more concerned than ever about the impact
of the stock market crash and the distortions would have for investment, consumption and growth and on the financial
system stability. In this respect, stock market movements are viewed as barometer of current and future economic growth.
Upward stock price movements including high price volatility contain valuable information and send signals about the
stage of the economy. Many believe that soaring prices reflect a new sustained and more rapid economic growth. Others are
very skeptical when prices increase rapidly and talk about bubble’s rising and stock market crashes, distorting all economic
decisions and creating costly imbalances that can take years to dissipate.
New theoretical literature on stock market crashes is based on the rational panic model [1] which states that uninformed
traders can precipitate a price crash because as prices decline, they surmise that informed traders received negative
information, which leads them to reduce their demand for assets and drive the prices of stocks even lower and on the
hedging model [2] where exogenous portfolio insurers precipitate price declines by selling stocks when prices fall, thus
magnifying small price changes into large discontinuous jumps. Other models consider financial crashes as episodes in which
agents learn about some underlying fundamental they were previously uncertain about and react to this information [3–6].
Madrigal and Scheinkman [7] generate a price crash that is due to strategic manipulation by a fully informed market maker
who finds it optimal to coarsen the information set for potential buyers in bad states of the world, causing a discrete jump
down in prices when bad outcomes occur. Finally, market crashes are modeled as self-organizing processes [8–10] in a
dynamical out-of equilibrium system and [11,12].
On the empirical side [13] studied relaxation dynamics after the occurrence of three stock market crashes. By applying
the Omori law to the number of index returns for a period of 60 trading days, after a major financial crash, and by setting
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a large threshold, they found that the index return is well described by a power law function. Selcuk [14] investigated
daily stock market data for a number of emerging markets and concludes that all crashes tested follow the Omori law [15].
Also, [16] tested Power-law relaxation of aftershocks for long periods following several other intermediate-size crashes.
Omori processes after market crashes exist not only on very large scales, but on less significant shocks as well. Moreover,
they show that such Omori processes on different scales can occur within the same time period. This leads to self-similar
features of the volatility time series, meaning that some of the aftershocks of a large crash can be considered as subcrashes
that themselves initiate Omori processes on a smaller scale. Mu and Zhou [17] on the other hand, studied four stock market
crashes of the Shanghai Stock Exchange Composite index and concluded that although volatility decays as a power law it
deviates significantly from the Omori law. Lastly, Petersen et al. [18] investigated cascading dynamics immediately before
and after 219 market crashes with the use of three different empirical laws, i.e. the Omori law, the productivity law and the
Bath law. Their findings quantitative relate the main shock magnitude and the parameters quantifying the decay of volatility
aftershocks as well as the volatility preshocks.
In this study we aim to better understand market shocks and to model the dynamics of a market’s index returns before
and after of a major crash, by looking at the activity of the stock market index in order to arrive at a statistical regularity
with respect to the number of times the absolute value index return exceeds a given threshold value. Most of the previous
studies have focused on the applicability of the Omori law in order to document the relaxation dynamics of aftershocks. In
our study we make use of Gutenberg–Richter law (G–R law) formulated in 1944 [19]. We analyze a large number of US stock
market crashes, based on daily data of the Dow Jones Industrial Index (DJIA) and compare two distinct crashes, namely the
great crash of 1929 and the crash of 1987. As a robustness test and in line with Lillo and Mantegna and Weber et al., we
also compare the results with two other shocks, the 1997 and 1998 crashes. We identify common regularities and derive
valuable results with policy making implications. To best of our knowledge this is the first attempt made to test the validity
of G–R law in U.S. stock market, by using daily data and for a large number of stock market shocks. Finally, we test power
law relaxation of aftershocks by introducing another empirical power law, the Omori law.
2. The Gutenberg–Richter power law
The Gutenberg–Richter (G–R) law introduces a simple relationship between the number and the magnitude of
earthquakes (aftershocks, foreshocks). It is one of the longest observed empirical relationships in geophysics, and is a power
law relating the number of earthquakes to magnitude. The general form of G–R law is given by Eq. (1) where the constant α
characterizes the general level of seismicity and the parameter b is commonly known as the b-value describing the ratio of
large-to-small earthquakes. Lastly, N (M ) is the cumulative number of earthquakes with magnitudes equal to or larger than
M. Because the Richter magnitude M is a logarithmic scale, M ∝ log[E ], where E is the energy released, we have N (E ) ∝ E −w ,
a power law.
The G–R takes the following form
N = 10a−bM
or it can be written as
Log10 N (M ) = a − bM .

(1)

The b-value represents the relationship between the convergence process after a shock and its altitude: the larger the size
of each aftershock the fewer the remaining aftershocks. Therefore, a large absolute b-value implies large aftershocks with
high volatility and short duration. On the contrary, if b is small, a longer high volatility period is needed. Finally, the constant
parameter α reflects the number of expected remaining aftershocks independently from the magnitude of aftershocks. It
also characterizes the fluctuation in a given stock market and is proportional to the volume productivity, i.e. the higher the
α value the greater the value.
2.1. Stock market crash
The stress of the financial system from a crash should become visible in the time required to set to a new steady state.
This is a key factor since long periods of high volatility and uncertainty in the financial markets tend to increase interest
rates, and in general the credit terms. But how can we define a stock market crash? Although a precise definition is difficult,
we define a crash as a large drawdown, or as precipitous declines in value for securities that represent a large proportion of
wealth [20].
We investigate a number of crashes and major shocks of the Dow Jones Industrial Index. We extend our analysis to the
1929 and 1987 stock market crashes since they make an important pairing mainly for the following two reasons.
Firstly, the 1929 and the 1987 crashes, which, by the way were the largest crashes in the history of the Dow Jones
Industrial, occurred after extended bull markets that attracted many inexperienced investors into the stock market. The
event of October 19, 1987 caused DJIA index to drop 508 points or 22.6%. From the close of trading on Tuesday October 13,
1987 to the close on October 19 (four trading days), the DJIA fell 769 points or 31%, representing a decline in the value of
outstanding US equity of some $1 trillion. Only the 13.5% drop in the Dow on October 28, 1929 and the fall of 11.7% on the
following day have approached the October 1987 decline in magnitude.

