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Statistics of extreme events in Chinese stock markets*
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We investigate the impact of financial factors on daily volume recurrent time intervals in the developing Chinese stock
markets. The tails of probability distribution functions (PDFs) of volume recurrent intervals behave as a power-law, and the
scaling exponent decreases with the increase of stock lifetime, which are similar to those in the US stock markets, and they
are typical representatives of developed markets. The difference is that the power-law exponent values remain almost the
same with the changes of market capitalization, mean volume, and mean trading value, respectively. These findings enrich

the results for event statistics for financial markets.
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1. Introduction

Extreme events in the financial field may bring cascade
damages to the whole of human society, and consequently at-
tract persistent attention of researchers in diverse fields.[!=]
Event statistics is a powerful tool to understand extreme
events, in which statistical behaviors of intervals between suc-
cessive events are used to shed light on mechanisms of event
occurrences. In a time series, the occurrence of an event is
usually defined as the record overtakes a threshold. Detailed
works show that the probability distribution function (PDF) of
an event occurrence in volatility series of stock closing prices
in the US stock market and the Chinese stock market behaves
like a power-law, %) instead of the expected normal distribu-
tion. That is, extreme events may occur with unexpected high
probabilities, and there does not exist a characteristic interval
between successive occurrent intervals.

In a very recent paper, Li ef al.!'% investigated impacts of
financial factors on PDF of event occurrence. It is found that
the PDF of recurrent intervals for volume series has scaling
behavior. The scaling exponents decrease with an increase of
stock lifetime, market capitalization, mean volume, and mean
trading value, respectively. The US stock markets are repre-
sentative for developed markets, while those in China are yet
immature markets. It is well known that immature markets
have completely different behaviors compared with developed
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markets. I A natural question is what will happen on these

issues in Chinese markets?
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In this paper, we conduct analogous investigations on the
records of stock markets in China. We investigate the rela-
tion between financial factors and daily volume recurrent time
intervals in Chinese stock markets. It is found that the tail
of PDF of volume recurrent intervals behaves like a power-
law, and the scaling exponent decreases with the increase of
stock lifetime, which are similar to those in the US stock mar-
kets. While the difference is that the power-law exponent val-
ues stay almost the same with the changes of market capital-
ization, mean volume, and mean trading value, respectively.
These findings enrich the results for event statistics for finan-
cial markets.

2. Methods and materials
2.1. Data

We consider the records in the Shanghai Stock Exchange
(SHSE) market and the Shenzhen Stock Exchange market
(SZSE), which were established in 1990. Daily volume and
closing price data are collected from the stock integration sys-
tem of the China Merchants Securities Co. Ltd and stock life-
time, market capitalization, mean volume from the financial
research database of the Beijing Gildata RESSET Data Tech
Co. Ltd. The period covers more than twenty years from De-
cember 1990 to November 2011, in which great changes have
taken place in Chinese society. The considered data includes a
total of 2282 stocks (4.5 million records).

From a daily volume series V, one can obtain the return
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series R, an element of which reads,

Vi
Rl :ln il .
Vi

In order to compare different stocks, we use the relative

volatility series, an element of which is defined as,

R(1)]
VRO — (RO

where (-) denotes the average over the series.

) =

2.2. Recurrent interval and power-law distributions

A recurrent interval is the interval between successive
events defined as the record overtakes a given threshold ¢, as
illustrated in Fig. 1. If we set ¢ = 1.5, the set for event oc-
current time includes time 10, 17, and 37. The corresponding
set of recurrent interval is 7(¢ = 1.5) = {7,20}. When ¢ is
large enough, the PDF for the recurrent interval can be used to

understand the statistical characteristics of extreme events.

o M

Fig. 1. Illustration of recurrent time series. Sets of recurrent intervals
for two thresholds g=1.5 and 2.0, 7(1.5) and 7(2.0), are displayed.

For a given threshold, g, one can obtain the recurrent in-
terval set for all the stocks, 7(q) = {71(q), 2(q), ..., (q)}

%(q) = {7} (q9),7*(q),---, ‘L'i[‘(l) (q)} is the recurrent interval set

)]
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for the i-th stock. N is the total number of stocks and L(i)
is the number of elements in 7;(g). Statistics of 7(g) repre-
sent the ensemble feature of the considered markets. In a large
amount of complicated systems, the PDF for recurrent inter-
vals is normally distributed with a characteristic interval, but
in some records, the PDF turns out to behave like a power-law,
which reads,

Py(t) ~ 777, 3)
where Y represents the power-law exponent. In this kind of
system, extreme events can occur with high probability and a
characteristic interval between events does not exist. Numer-
ically, the maximum likelihood-based estimator (MLE) pro-
posed in the novel paper!!%! is used to obtain reliable values of
Y from the finite sets of empirical data.

In calculations, to reserve information in the original time
series as far as possible, the dividing procedure about the re-
current interval is conducted also by starting from the end of
series. The variance is obtained from a total of 2 - [T /s] seg-
ments.

3. Results
3.1. Distribution of volume recurrent intervals

Firstly, we investigate the behavior of the PDF for recur-
rent intervals at different g. Figure 2(a) presents the relations
between the PDF of 7 versus ¢q. The tails of the PDFs be-
have like a power-law. With the increase of g from 2 to 4,
the scaling exponent decreases monotonically from 4.5 to 2.5.
Figure 2(b) provides the re-scaled PDFs, P,(7)(7), for 7/(7),
namely standardized recurrent interval, for different values of
q. All the five curves collapse into a single curve. Hence, a
general scaling relation is obeyed, the general scaling expo-
nent of which is 2.6.
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Fig. 2. (color online) Probability distribution of recurrent intervals for volume volatility series. A total of 2282 stocks in Chinese markets are
considered. (a) P;(7) versus T; (b) re-scaled PDF, namely, P,(7)(t) versus ©/(). The curves collapse into a single curve, indicating that the

scaling-law is g-independent.
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Li et al.l'% also found a general scaling relation in US
markets, but the scaling exponent of which is 3.2, a signifi-
cantly large value compared with that for Chinese markets.

3.2. Impacts of financial factors

The key financial factors affecting stock volatilities in-
clude stock lifetime, market capitalization, mean volume, and
mean trading value. To investigate impacts of the key factors
on re-scaled PDFs, one can divide the total of 2282 stocks into
a certain number of subsets according to the four factors, and
calculate the re-scaled PDFs for the subsets, respectively.

Figures 3(a)-3(d) show the results for lifetime, capitaliza-
tion, mean volume, and mean trading value, respectively. For

each factor, the stocks are divided into four subsets. To cite
an example, the lifetime of the stocks reaches 20 years, which
is divided into four intervals, namely, [0,5], [5,10], [10,15],
and [15,20] years. The stocks whose lifetimes are in the in-
tervals are catalogued into the corresponding subsets, respec-
tively. The tails of the re-scaled PDFs behave like power-laws.
The curves for the market capitalization, mean volume, and
mean trading value collapse into single curves with scaling ex-
ponent values 3.4, 3.0, and 3.2, respectively. On the contrary,
the curves for stock lifetime subsets do not collapse, i.e., with
the increase of lifetime, the scaling exponent decreases from
4.7t03.7.
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Fig. 3. (color online) Impacts of financial factors on re-scaled PDFs. The threshold is set to be ¢g=2.0. Stocks are sorted into four
subsets for each financial factor. (a) Impact of lifetime. y varies from 3.7 to 4.7; (b) impact of market capitalization. y stays almost
the same (y = 3.4) for different subsets; (c) impact of mean volume. 7 stays almost the same (y = 3) for different subsets; (d) impact
of mean trading value. ¥ stays almost the same (y = 3.2) for different subsets.

To confirm the findings, all the stocks are catalogued
further into 10 subsets according to lifetime. The ten sub-
sets contain the stocks whose lifetimes are in the intervals of
[0,500], [500,1000],...,[4500,5000] days, respectively. The
scaling exponent varies between 2.9 and 3.7, which covers a
significantly sharper interval compared with that for the four
subsets, as shown in Fig. 4(a). Hence, the scaling behavior is
lifetime-dependent. From the inset, one can find that the ex-
ponent decreases and tends to a constant with the increase of
lifetime, which is similar to that for US markets (starts from
4.2 and saturates to 2.8).

Analogous calculations are conducted for the capitaliza-
tion, mean volume, and mean trading value also, and the re-
sulting re-scaled PDFs are presented in Figs. 4(b)-4(d). The
curves collapse into single curves with scaling exponents 3.2,
3.4, and 3.0, respectively. The behavior of re-scaled PDF is
independent of the three factors. However, for USA stocks,

the scaling exponents decrease from 4.1 and saturate to 3.0 for
the subsets with respect to capitalization, mean volume, and
mean trading value, respectively.

To understand the different behaviors of re-scaled PDFs
for the four factors, one should answer if there exists any de-
pendent relation between these factors. Figure 5 depicts the
scattering plots between each pair of the four factors. The ab-
solute values of cross-correlation coefficients,[!”-'®! denoted
with ccc, between lifetime and the other three factors are all
less than 0.2, which indicates very weak correlations between
the lifetime and the other three factors. The absolute values of
correlation coefficients between trading value, capitalization,
and volume are all larger than or equal to 0.48, which reveals
the strong correlations between them. The strong correlations
maybe understood by the simple fact that the three factors are
all strongly affected by firm size.
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Fig. 4. (color online) Impacts of financial factors on re-scaled PDFs. g = 2. (a) Impact of lifetime, the stocks are divided into ten
subsets. 7 distributes in the interval from 3.7 to 2.9. Inset: y decreases with the increase of lifetime; (b) impact of capitalizations,
stocks are sorted into eight subsets. ¥ stays almost the same; (c) impact of mean volume, stocks are separated into eight subsets. y

stays almost the same; (d) impact of mean trading value, stocks are sorted into seven subsets. ¥ stays almost the same.

Fig. 5. Scattering plots. (a) Trading value versus capitalization; (b) mean volume versus capitalization; (c) trading value versus mean
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volume; (d) capitalization versus lifetime; (e) trading value versus lifetime; (f) volume versus lifetime.
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4. Conclusions

In the present paper, we investigate the impacts of fi-
nancial factors on recurrent volume intervals in Chinese mar-
kets, a representative of developing stock markets. The re-
sults are compared with those for USA’s stock markets, a typ-
ical developed market. The developed and developing mar-
kets share two facts, namely, the tail of the probability distri-
bution function for recurrent volume interval behaves like a
power-law, and there does not exist a general scaling behavior
in the relation of re-scaled PDF versus lifetime (i.e., lifetime-
dependent). However, for Chinese markets, the scaling behav-
iors in re-scaled PDFs are independent of the capitalization,
mean volume, and trading value, while those for USA mar-
kets start from larger values and saturate to constants with the
increase of the three factors, respectively.

We hope our findings can enrich the statistical investiga-
tions on recurrent interval series, and provide a certain ref-
erence for risk management and portfolio optimization in the
Chinese stock market.
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