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We investigate the dynamic cross-correlations between mass media news, new media news, and stock returns for the SSE 50 Index
in Chinese stock market by employing the MF-DCCA method. The empirical results show that (1) there exist power-law cross-
correlations between two types of news as well as between news and its corresponding SSE 50 Index return; (2) the cross-correlations
between mass media news and SSE 50 Index returns show larger multifractality and more complicated structures; (3) mass media
news and new media news have both complementary and competitive relationships; (4) with the rolling window analysis, we further
find that there is a general increasing trend for the cross-correlations between the two types of news as well as the cross-correlations

between news and returns and this trend becomes more persistent over time.

1. Introduction

According to the eflicient market hypothesis, the security
market could reflect the information instantly. However,
there are many anomalies showing that the exogenous infor-
mation plays an important role in the stock market. News,
for example, as one type of the exogenous information,
has been intensively investigated for its influence on the
stock market, including the relation between the news and
stock prices [1, 2], stock returns [3], trading volumes [4],
investors’ behavior [5, 6], and the correlation between the
inherent sentiment behind the news and the stock market [7].
With the development of the Internet, the web has become
one of the most important sources of news. Therefore, the
news is classified into traditional mass media news and new
media news according to the source of the news (as for the
definition, see https://en.wikipedia.org/wiki/New_media and
https://en.wikipedia.org/wiki/Mass_media). The new source
of the news brings new features to the news. Through the
Internet, the new media news diffuses more quickly and can
be easily obtained more conveniently. Compared to the new
media news, the mass media news is more rigorous and
we can get more insightful ideas through the mass media
news. So the emergence of the new source of news leads

to new directions for the financial research. One could be
the correlation of the different news’ sources, especially the
correlation among them when they are referred to as the
factors influencing the stock market, as well as the different
roles they play in the stock market. Since the amount of daily
news can be seen as the intensity of the information [8], it is
meaningful to explore the correlation of the amount of news.

The most commonly used measure of correlation is the
Pearson correlation. To use this measure, the time series
must be stationary and follow the Gaussian distribution.
But the news amount series in stock market are not all
the series with stationarity and Gaussian distribution. In
order to overcome these limits, existing literatures have
engaged in exploring measures to investigate long-range
cross-correlation between two time series with nonstationary
and non-Gaussian distribution. Based on the method of
detrended fluctuation analysis (DFA) introduced by Peng
et al. [9] focusing on the long-range autocorrelation of the
DNA series, Podobnik and Stanley [10] proposed the method
of detrended cross-correlation analysis (DCCA) to explore
the long-range cross-correlation between two nonstationary
time series. Then Zhou [11] introduced the multifractal
detrended cross-correlation analysis (MF-DCCA or called
MEF-DXA) to investigate the cross-correlation by considering
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the multifractal features. With these analyses, this paper is
engaged in investigating the cross-correlations between the
amount of mass media news and the amount of new media
news as well as the cross-correlation of the different types of
news and the corresponding stock returns by the methodol-
ogy of MF-DCCA. Investigations on such relationships are
conducive to the understanding of informational efficiency
in financial market.

The remainder of the paper is organized as follows.
Section 2 reviews the existing literatures about the news
and the stock markets as well as the methodology of MF-
DCCA. Section 3 describes the sample data used in this paper
and its selected process. Section 4 introduced the detailed
methodology of ME-DCCA. Section 5 presents the empirical
results of this paper and Section 6 draws the conclusion.

2. Literature Review

2.1. News and Stock Market Performances. Existing literature
on the relationships between financial news and stock market
behavior can be divided into two categories. The first refers
to the investigation on the impacts of mass media news,
that is, news extracted from newspapers, television and
advertising, returns, trading volume, liquidity, and volatility
[1,4,7,12-17]. We mainly find that the majority of these
literatures focus on earnings announcement, the number
of the headlines, and the expenditures on advertising, but
only a few employ the information content. The second
refers to the investigation on the relationships between new
media news and return predictability as well as market
dynamics [18-31]. This line of work has shifted research
interests away from building more complicated models to
attach more importance to data and its impacts on market
dynamics.

2.2. MF-DCCA. The existing literatures about the detrended
cross-correlation analysis can be approximately divided into
two parts. One engaged to extend and modify the methodol-
ogy, and a series of extended methods have been introduced,
such as the methods of MF-X-DMA [32], MF-DHA [33],
and MF-X-PF [34]. These methods all improve the efficiency
of the method of MF-DCCA to some extent. Another
part of literatures concentrated on the cross-correlation
between the time series in the financial market or across
the markets. Wang et al. [35] found that the multifractal
analysis significantly cross-correlates between Chinese A-
share and B-share by the method of MF-DCCA. Cao et al.
[36] investigated the multifractal detrended cross-correlation
between the Chinese exchange market and stock market
drawing the similar conclusions. Gu et al. [37] used the MF-
DCCA to prove that there is different performance for the
cross-correlation between the multifractality and the market
efficiency before and after the equity division reform. Lu et al.
[38] investigated the dynamic relationship between Japanese
Yen exchange rates and market anxiety, finding that the cross-
correlation exhibits different volatility. Li et al. [39] studied
the cross-correlation between the crude oil and exchange rate
markets finding that their cross-correlation are sensitive to
sudden events.
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FIGURE I: The daily amounts of news from mass media and new
media.

3. Data Description

We get daily news data from the column of Security Infor-
mation and News in RESSET financial database in China in
this paper. The stocks corresponding to the news sample are
the constituent stocks of the Chinese Stock Market Index 50
(SSE 50). The daily returns of SSE 50 are also obtained from
the RESSET financial database in China. The stocks of SSE
50 are the most active stocks with the highest market value
and the highest liquidity in Chinese stock markets. So they
can represent the Chinese stock market well and have enough
amount of news to investigate the cross-correlation between
the two types of news and the cross-correlation between news
and return. Since the constituent stocks are adjusted every
half year, we collect all the stocks once they are selected as the
constituent stocks of SSE 50. And then we removed the stocks
which are delisted. The whole sample period extends from
January 1, 2011 to December 31, 2016 with daily observations.
And the total number of the stocks used in this paper is 532
across this period.

We classify the news into mass media news and new
media news based on the selected process used by Zhang
et al. [40] according to the source names of the news. After
conducting the selected process, the numbers of mass media
sources and new media sources are 265 and 334, respectively.
Since the constituent stocks of SSE 50 vary over time and
our aim is to investigate the cross-correlations between the
amount of news and the return of SSE 50, the daily news used
in this paper is just the news of the stocks belonging to SSE
50 on that day. Figure 1 illustrates the daily amount of the two
types of news from January 2011 to December 2015. The red
line is the amount of daily mass media news (MM) and the
blue line is the amount of daily new media news (NM). We
can find a stable trend for the amount of mass media news
across the sample period, while there is an increasing trend
for the amount of new media news on the whole. And the
quantitative relationship of the two types of news reverses
around the year of 2013. After 2013, the amount of new media
news exceeds the amount of mass media news.
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4. Empirical Methodology

To explore the cross-correlation between two nonstationary
time series, various approaches have been introduced in exist-
ing literatures. In this paper, We followed the methodology of
multifractal detrended cross-correlation analysis introduced
by Zhou [11]. Consider any two time series {x;} and {y;},i =

.» N, that have the equal length N. Then the procedure
of the MF-DCCA can be described as follows.

Step 1. We construct two “profiles” of the two time series and
get new series:

X;= i(xk—_

Yi:i(yk__

=
—_

@

=
—

i=1,2,...,N,
where ¥ = (1/N) Y3, x and 7 = (1/N) Y0, ¥

Step 2. Divide the two profiles into N, = [N/s] nonoverlap-
ping windows of equal length s, respectively. If the length N of
the time series is not a multiple of the considered time scale
s, there will remain a short part segment at the end of each
profile. In order to avoid this, we repeated the same divided
procedure starting from the end of the profile. And then we
got 2N, segments of each profile. N is set as 10 < N, < N/4
and the step is 1 in this paper.

Step 3. Estimate the local linear trend of each segment
through the OLS method.

F*(s,A)
1< (2)
= ;Z [ (A-1)s+j — (/\ 1)s+]] [Y(A Ds+j — Y(/\ 13+]]
forA=1,2,...,N;and
2 1y =
F*(s,A) = ;Z [XN—(A—Ns)s+j - XN—(/\—NS)S+]']
j=1 (3)

: [YN—()L—NS)S+ i~ YNCO-Ns j]

forA=N;+1,N;+2,...
trend.

,2N, where X and Y are the local

Step 4. Getthe gth-order fluctuation function by average over
all segments:

1/q
Fq(s):{ ZF (s A)q/z} . (4)
SA 1

Particularly, for g = 0, the equation is defined by

Z In [F? (s, /\)]]» )

5/\1

Fy (s) = exp {

Step 5. Analyze the scale behavior of the fluctuation function
through observing the log-log plots of F,(s) versus s. If two
series are long-range cross-correlated, we could get a power-
law relationship as follows:

F,(s) o sho@, (6)

h,,(q) can be obtained through the slope of the log-
log plots of F_(s) versus s. And we can calculate the slope
using the met?lod of OLS. The value of h,, ( ) indicates the
cross-correlation of the two time series. If hy (@) > 0.5,
the cross-correlation between them is per51stent (positive).
When h, (q) < 0.5, there is an antipersistent (negative) cross-
correlatlon between the two time series. And for h,,(q) =
the two time series are not cross-correlated with each other
In particular, when g = 2, the scaling exponent h,(q) is the
generalized Hurst exponents.

5. Empirical Results

5.1. Cross-Correlation Test. Before investigating the pairwise
cross-correlation among the two types of news amount series
and the return series of the index, a cross-correlation test
using the method proposed by Podobnik and Stanley [10] is
conducted firstly. And the test statistic is defined as

m 2
_ A2\ X

Here, xxi2 is the cross-correlation function and is defined
as follows:

2 ZkN:m Xk Vi—i
e ®
ket Xl k=1 Yk

where {x;} and {y;} are two time series with the equal length
N.

The test statistic Q..(m) is approximately y*(m) dis-
tributed with m degrees of freedom. The null hypothesis of
this cross-correlation test is that none of the first m cross-
correlations is different from the value of Xz(m). Thereby;,
if the value of the cross-correlation test exceeds the critical
value of Xz (m), the cross-correlation between the two time
series is significant.

Figure 2 shows the result of the test statistic Q (). And
the red line is the critical value of Xz(m) at 5% significant
level. The other lines represent the values of Q_ (1) between
the amount of the mass media news and the amount of the
new media news, the amount of the new media news and the
return of the SSE 50, the amount of total news and the return
of SSE 50, and the amount of the mass media news and the
return of SSE 50 from the top to the bottom of the figure. It is
clear that all the values of Q_.(m) exceed the critical value, so
the null hypothesis is rejected and there is a long-range cross-
correlation among any pair of these series.

5.2. Multifractal Detrended Cross-Correlation Analysis. Since
the value of Q. (m) just proves the existence of the long-range
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FIGURE 3: Log-log plots of F,, (s) versus s for amount of MM news

and the amount of NM news.

cross-correlation qualitatively, the MF-DCCA 1is conducted
to investigate the cross-correlation quantitatively. The scale g
is set from —10 to 10 and the step is 1. Figures 3-6 are the log-
log plots of F,,(s) versus s for the amount of MM news and
the amount of NM news, the amount of MM news and the
return of SSE 50, and the amount of NM news and the return
of SSE 50, as well as the amount of total news and the return
of SSE 50. As we can see in Figures 3-6, although there are
fluctuations in some lines, they all fit the log-log line of F, ., (s)
versus s well at 1% significant level. The significant level can
be seen from Table 1. These linear curves provide evidence
for the existence of the power-law cross-correlation between
pairs of these series.

Figure 7 shows the relationship between the scaling
exponents and g. The variance of the exponent with g
indicates that a multifractality exists in the cross-correlation
between the pairwise series among the news and the return.
Particularly, for the cross-correlations between the MM news
amount and the NM news amount, the MM news amount and
the return of SSE 50, and the total amount of news and the
return of SSE 50, the scaling exponents for g < 0 are larger
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FIGURE 5: Log-log plots of F, ,(s) versus s for amount of NM news
and the return of SSE 50.

than those for ¢ > 0. So we can conclude that the cross-
correlations for small fluctuations are more persistent than
the ones for the large fluctuations. For the cross-correlation
between the NM news amount and the return of SSE 50,
the “normal” fluctuations display the most persistent cross-
correlation.

Table 1 reports the scaling exponent for these time series
when g is even (the conclusion is similar when g is odd).
The scaling exponents in Table 1 are all larger than 0.5, so
the cross-correlations between the amount of MM news, the
amount of NM news, the amount of total news, and the return
of SSE 50 are persistent. In order to explore the degree of
multifractality, the measure, AH,, is introduced as follows
[41]:

AH, = max (H,) - min (H,), 9)
where the larger the AH, is, the higher the degree of
multifractality is. The last line of Table 1 shows the value
of AH, for the four cross-correlations. AH, for MM-NM
indicates a strong multifractality for the cross-correlation
between the amounts of two types of news. The larger AH,
for the cross-correlation of MM-Return than the one of NM-
Return shows the stronger multifractal characteristics and
more complicated structure for the cross-correlation between
the amount of mass media news and the return of SSE 50.
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TABLE 1: Results of the MF-DCCA scaling exponent. This table reports the MF-DCCA scaling exponent between the amount of mass media
news, the amount of new media news, the amount of total news, and the return of SSE 50. The symbol “MM-NM” denotes the scaling
exponent between mass media news amount and new media news amount. The symbol “MM-Return” denotes the scaling exponent between
mass media news amount and the return of SSE 50. The symbol “NM-Return” denotes the scaling exponent between new media news amount
and the return of SSE 50. The symbol “TM-Return” denotes the scaling exponent between the total news amount and the return of SSE 50.
The symbol “A” denotes the difference between TM-Return and the sum of MM-Return and NM-return.

q MM-NM MM-Return NM-Return TM-Return A

_10 1.193412 0.904737 0.723414 0.931241 0.696911
(97.68) (138.06) (199.00) (87.06)

_8 1182705 0.886182 0.71819 0.913263 0.69111
(98.02) (145.94) (209.38) (87.54)

-6 1.169745 0.861594 0.71567 0.889892 0.687372
(99.44) (158.73) (219.38) (88.13)

4 1.153924 0.83167 0.723031 0.861964 0.692737
(104.83) (176.77) (217.07) (89.19)

5 1126114 0.802806 0.768141 0.837509 07334348
(127.66) (194.62) (186.21) (95.46)

0 1.060741 0.78207 0.889481 0.837438 0.834112
(247.81) (218.59) (166.68) (143.10)

) 1.005653 0.766329 0.874682 0.837032 0.80398
(81.42) (196.69) (193.44) (189.78)

4 0.915444 0.74425 0.810478 0.797665 0757063
(51.71) (124.14) (130.09) (120.17)

6 0.855658 0.718995 0.762753 0.757806 0723942
(44.70) (96.71) (105.60) (96.85)

8 0.8204 0.698176 0.731458 0.729416 0.700219
(41.72) (86.17) (94.53) (86.77)

10 0.797806 0.682709 0.710457 0.709795 0.68337
(40.08) (81.03) (88.40) (81.31)

AH, 0.395606 0.222028 0.179024 0.221446 —

q

# # % denotes significance at 1% level.
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FIGURE 6: Log-log plots of F,., (s) versus s for amount of total news

¥4
and the return of SSE 50.

The last column of Table 1 shows the difference between
the TM-Return and the sum of MM-Return and NM-Return.
The value of the last column that is larger than 0 reveals that
the influence of the combination of the mass media news
and new media news to the return is smaller than the sum
of their respective influences for the return. This leads us to

conclude that there is a sharing component between the mass
media news and the new media news reflecting a competitive
relationship. These findings indicate that there exists over-
lapped information conveyed by two information sources
and thus investors need to distinguish new information for
their decision-making. On the other hand, the value of TM-
Return that is larger than the value of either MM-Return
or NM-Return reveals the complementary relationship for
them. And this result is similar to the conclusions of Zhang
et al. [40]. Particularly, the line of TM-Return is closed to
the line of MM-Return when q < 0 and is closed to the
line of NM-Return for g > 0. And this reflects the fact
that the cross-correlation between the amount of mass media
news and the return of SSE 50 leads to the cross-correlation
between the news amount and return of SSE 50 for the small
fluctuations. The cross-correlation between the amount of
new media news and return of SSE 50 is the dominant factor
for the big fluctuations. Generally speaking, all these findings
suggest that both information sources, that is, mass media
and new media, provide useful information to the financial
market and influence the variations in the asset prices.

In Figures 3-6, we can find a turning point for the linear
trend of the curves. As is suggested by Podobnik et al. [42],
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TABLE 2: Short term and long term scaling exponents between news and return series. This table reports the short term and long term scaling
exponents for the series between the mass media news and return of SSE 50, new media news amount and return of SSE 50, and total news
amount and return of SSE 50. The signal “MM-Return” denotes the scaling exponent of mass media news amount and return of SSE 50,
“NM-Return” is the scaling exponent of new media news amount and return of SSE 50, and “TM-Return” denotes the scaling exponent of

total news number and return of SSE 50. AH,, is the multifractality degree. “Short” denotes the term s < S; “long” is the term s > S*.

MM-Return NM-Return TM-Return

1 Short Long Short Long Short Long
-10 0.878 1.261 0.726 0.905 0.841 2172
-8 0.859 1.234 0.719 0.905 0.826 2.114
-6 0.833 1.200 0.715 0.896 0.805 2.030
-4 0.801 1.152 0.720 0.864 0.782 1.909
-2 0.774 1.072 0.755 0.929 0.766 1.700
0 0.769 0.923 0.857 1.747 0.796 1.276
2 0.794 0.691 0.889 1111 0.869 0.797
4 0.815 0.495 0.848 0.599 0.875 0.559
6 0.811 0.397 0.807 0.355 0.850 0.455
8 0.799 0.353 0.777 0.215 0.826 0.403
10 0.786 0.332 0.757 0.123 0.808 0.373
AH, 0.110 0.929 0.175 1.624 0.114 1.799
0.5 for the small fluctuations denoting a strong persistent
cross-correlation, whereas for the big fluctuations the scaling
L5 exponents are smaller than 0.5, reflecting an antipersistent
cross-correlation (when g > 4 for MM-Return, g > 6 for NM-

Return, and g > 6 for TM-Return). The last row denotes the

=12 multifractality of the short and long term cross-correlations
T for MM-Return, NM-Return, and TM-Return. For any type
of the three pairs of cross-correlation, the short term AH, is

0.9 smaller than the long term ones significantly. Also, in Figures
8-10 that compare the short and long term cross-correlations

for any pairwise cross-correlation of the three types of cross-

correlations, there is a steady trend for all the short term

-10 -5 0 5 10
q
MM-NM —— TM-Return
—— MM-Return —— MMR + NMR
NM-Return

FIGURE 7: MF-DCCA scaling exponent for pairwise time series
among two types of news and return of SSE 50.

the point S refers to the “crossover.” Through the crossover,
the scale exponents reflect different features in short term
(s < ") and long term (s > S*). In this paper, the crossovers
of the amount of mass media news and the amount of new
media news, the amount of mass media news and return
of SSE 50, and new media news amount and return SSE
50 as well as total news amount and return of SSE 50 are
log(s*) = 2.38 (about 190 days), log(s*) = 2.33 (about 213
days), log(s") = 2.43 (about 268 days), and log(s*) = 2.29
(about 195 days), respectively. Table 2 reports the short and
long even scale exponents for the series of news and returns.
For short term, the scale exponents are all larger than 0.5 for
three pairs of series, which reflects a strong persistent cross-
correlation for them, while the long term scaling exponents
show a different picture. The scaling exponents are larger than

scaling exponents and the lines of the short term are nearly
parallel with the x-axis. So, in long term the multifractality
of the scaling exponents is larger than the short term ones
and the cross-correlation of the news and return of SSE 50
is more stable. Particularly, by comparing the short term
scaling exponents for any pair of cross-correlation, we can
find that the values of the short term scaling exponents of
MM-Return, NM-Return, and TM-Return are nearly equal
to each other at the same scale g, whereas for the long term,
the scaling exponents of TM-Return are larger than any of
the two other scaling exponents but smaller than the sum
of them in any scale q. We attribute this to the competitive
relationship in short term and complementary relationship
in long term for the two types of news. So the influence of the
mass media news for the return is the same as the influence of
the new media for the return and the overlay of them does not
increase the cross-correlations for the news and return, while
for the long term, the complementary relationship for the two
types of news increases the influence of the total news to the
return.

5.3. Dynamic Analysis of Cross-Correlation. In this part, we
conduct the rolling window method to explore the dynamic
features of the cross-correlation. And the length of rolling
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windows selected in this paper is 250 trading days (approxi-
mately 1 year) [35]. Figure 11 shows the time varying scaling
exponents for g = 2 for the amount of mass media news
and the amount of new media news. Although the process is
fluctuating, the general trend of H, is increasing especially
for the period after 2013 when the amount of new media
news exceeds the mass media news. And the value of H, is
larger than 0.5 throughout the period. So there is a persistent

cross-correlation between the amount of mass media news
and the amount of new media news and it becomes more and
more persistent over time. Similarly, Figure 12 shows time
varying scaling exponents for g = 2 for news and return.
There is also a general increasing trend for the news amount
and return and the value of H, is larger than 0.5 over time.
The cross-correlations between news amount and return of
SSE 50 are more and more persistent. We attribute this
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FIGURE 11: Time varying scaling exponents for g = 2 for mass media
news amount and new media amount.

to the inefficient market. According to the eflicient market
hypothesis, the securities’ price will reflect all the information
[43]. So if the market is not efficient, the return of SSE 50
will depend on the amount of news. To further prove this, we
introduce the concept of the market inefficiency index [37]:

El = |H - 0.5, (10)

where H is the Hurst exponent calculated by the detrended
fluctuation analysis (DFA).

In the existing literatures, the Hurst exponent is regarded
as the measure of the market efficiency [44-47]. When Hurst
exponent is equal to 0.5 (the corresponding inefficient indices
(EI) in this paper are equal to 0), the market is considered to
be efficient. So the larger the value of EI, the more inefficient
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FIGURE 12: Time varying scaling exponents for g = 2 for news and
return.

the market is. Figure 13 shows the time varying EI with
the rolling window of 250 days. In Figure 13, the value of
EI is larger than 0 over time, indicating the inefficiency of
the market. Moreover, the period after 2013 has the larger
EI than the time before, which is also the period that has
the larger scaling exponent for news amount and return
of SSE 50. So we conduct the MF-DCCA to investigate
the relationship between the cross-correlation for news and
return and the inefficient indices. Figure 14 shows scaling
exponents between cross-correlation exponent for g = 2
for news and return and market inefficiency indices. In
Figure 14, the scaling exponents for cross-correlations of
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FIGURE 14: Scaling exponents between cross-correlation exponent
for g = 2 for news and return and market inefficiency indices.

MM-Return, NM-Return, and TM-Return are all larger than
0.5atany scales, which indicates a persistent cross-correlation
between pairwise cross-correlations of them. Therefore, we
can conclude that the news, no matter whether it is the mass
media news or the new media news, plays an important role
in the inefficient market of China now.

6. Conclusion

In this paper, we investigate the cross-correlations between
two types of news (mass media news and new media news)
with the stocks of SSE 50 as well as the corresponding return
of SSE 50. By conducting the MF-DCCA method, we can
draw the following conclusions.

First, there are power-law cross-correlations between the
amount of two types of news as well as between news
and its corresponding returns. For the cross-correlation of
two types of news and the cross-correlation between mass
media news and return of SSE 50, the cross-correlations for

small fluctuations are more persistent than the ones for the
large fluctuations, while for the cross-correlation between the
amount of NM news and the return of SSE 50, the “normal”
fluctuations display the most persistent cross-correlation. The
cross-correlations all perform multifractality, but the cross-
correlation between mass media news and return of SSE 50
shows larger multifractality and more complicated structure.

Second, the value of TM-Return that is smaller than the
value of the sum of MM-Return and NM-Return reflects
the fact that there is a sharing component between the mass
media news and the new media news; hence there is a
competitive relationship between them. On the other hand,
the value of TM-Return is larger than the value of either MM-
Return or NM-Return, which reveals the complementary
relationship for them. And this result is similar to the
conclusion of Zhang et al. [40]. In addition, the short term
multifractality of the cross-correlation between news and
return is smaller than the long term one. Moreover, the short
term values of the scaling exponents of MM-Return, NM-
Return, and TM-Return are close to each other, while the
long term value of TM-Return is larger than the value of
either MM-Return or NM-Return. This leads us to conclude
that there is a competitive relationship in short term and
complementary relationship in long term for the two types
of news. So the influence of the mass media news for the
return is the same as the influence of the new media on
returns and the sharing part of them does not increase the
cross-correlation for the news and returns while for the
long term, the complementary relationship for the two types
of news increases the influence of the total news on the
return.

Third, by conducting the rolling window method, we
find that there is a general increasing trend for the cross-
correlation between the two types of news as well as the
cross-correlation between news and return and the cross-
correlations are more and more persistent over time. We
attribute this to the inefficient market. And the persistent
cross-correlations between the inefficient indices and the
time varying scaling exponents of the news and return
indicate that the news, no matter whether it is the mass media
news or the new media news, plays an important role in the
inefficient market of China now.

Admittedly, the above results cannot completely reveal
the relationship between the two types of news as well as the
relationship between news and stock returns. To explore the
role the mass media news and new media news play in the
stock market more precisely, some more work, for example,
herding behavior and structural breaks between two types
of news [48, 49], needs to be done in the future. Besides, as
suggested by Cajueiro and Tabak [50], examination on the
role of these two types of news on information efficiency is
also a promising research direction. We leave these for future
research.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this article.



10

Acknowledgments

This work is supported by the National Natural Science
Foundation of China (71771170, 71701150, and 71790594) and
the Tianjin Education Commission Key Project on Social
Sciences (no. 2016 JWZDO08).

References

[1] W. C. Chan, “Stock price reaction to news and no-news: Drift
and reversal after headlines,” Journal of Financial Economics,
vol. 70, no. 2, pp. 223-260, 2003.

[2] C. Vega, “Stock price reaction to public and private informa-
tion,” Journal of Financial Economics, vol. 82, no. 1, pp. 103-133,
2006.

[3] G.Birzand].R. Lott Jr., “The effect of macroeconomic news on
stock returns: New evidence from newspaper coverage,” Journal
of Banking & Finance, vol. 35, no. 11, pp. 2791-2800, 2011.

[4] P. C. Tetlock, M. Saar-Tsechansky, and S. Macskassy, “More
Than Words: Quantifying Language to Measure Firms’ Funda-
mentals,” Journal of Finance, vol. 63, no. 3, pp. 1437-1467, 2008.

[5] C.-H. Wu and C.-]. Lin, “The impact of media coverage on
investor trading behavior and stock returns,” Pacific-Basin
Finance Journal, vol. 43, pp. 151-172, 2017.

[6] J. E. Engelberg, A. V. Reed, and M. C. Ringgenberg, “How
are shorts informed?. Short sellers, news, and information
processing,” Journal of Financial Economics, vol. 105, no. 2, pp.
260-278, 2012.

[7] P. C. Tetlock, “Giving content to investor sentiment: The role of
media in the stock market;” Journal of Finance, vol. 62, no. 3, pp.
1139-1168, 2007.

[8] E Lillo, S. Micciche, M. Tumminello, J. Piilo, and R. N.
Mantegna, “How news affects the trading behaviour of different
categories of investors in a financial market,” Quantitative
Finance, vol. 15, no. 2, pp- 213-229, 2015.

[9] C.-K. Peng, S. V. Buldyrev, S. Havlin, M. Simons, H. E.
Stanley, and A. L. Goldberger, “Mosaic organization of DNA
nucleotides,” Physical Review E: Statistical, Nonlinear, and Soft
Matter Physics, vol. 49, no. 2, pp. 1685-1689, 1994.

[10] B. Podobnik and H. E. Stanley, “Detrended cross-correlation
analysis: a new method for analyzing two nonstationary time
series,” Physical Review Letters, vol. 100, no. 8, Article ID 084102,
2008.

[11] W. Zhou, “Multifractal detrended cross-correlation analysis
for two nonstationary signals,” Physical Review E: Statistical,
Nonlinear, and Soft Matter Physics, vol. 77, no. 6, Article ID
066211, 2008.

[12] D. Cutler, J. Poterba, and L. Summers, “What moves stock
prices?” Working Papers, vol. 15, no. 487, pp. 4-12, 1989.

[13] J. M. Griffin, N. H. Hirschey, and P. J. Kelly, “How important
is the financial media in global markets?” Review of Financial
Studies , vol. 24, no. 12, pp. 3941-3992, 2011.

[14] P. Klibanoff, O. Lamont, and T. A. Wizman, “Investor reaction
to salient news in closed-end country funds,” Journal of Finance,
vol. 53, no. 2, pp. 673-699, 1998.

[15] P.C. Tetlock, “All the news that’s fit to reprint: Do investors react
to stale information?” Review of Financial Studies , vol. 24, no.
5, pp. 1481-1512, 2011.

[16] L. Fangand J. Peress, “Media coverage and the cross-section of
stock returns,” Journal of Finance, vol. 64, no. 5, pp. 2023-2052,
2009.

Complexity

[17] T.L.Dang, F. Moshirian, and B. Zhang, “Commonality in news
around the world,” Journal of Financial Economics, vol. 116, no.
1, pp. 82-110, 2015.

[18] Y. Zhang, L. Feng, X. Jin, D. Shen, X. Xiong, and W. Zhang,
“Internet information arrival and volatility of SME PRICE
INDEX,” Physica A: Statistical Mechanics and its Applications,
vol. 399, pp. 70-74, 2014.

Z.Da,]. Engelberg, and P. Gao, “In Search of Attention,” Journal
of Finance, vol. 66, no. 5, pp. 1461-1499, 2011.

[20] W. Antweiler and M. Z. Frank, “Is all that talk just noise? The
information content of Internet stock message boards,” Journal
of Finance, vol. 59, no. 3, pp. 1259-1294, 2004.

[21] P. D. Wysocki, “Cheap talk on the web: the determinants of
postings on stock message boards,” SSRN Electronic Journal,
1998.

[22] D. Shen, L. Liu, and Y. Zhang, “Quantifying the cross-sectional
relationship between online sentiment and the skewness of
stock returns,” Physica A: Statistical Mechanics and its Applica-
tions, vol. 490, pp- 928-934, 2018.

[23] D. Shen, Y. Zhang, X. Xiong, and W. Zhang, “Baidu index and
predictability of Chinese stock returns,” Financial Innovation,
vol. 3, no. 1, 2017.

[24] D. Shen, X. Li, and W. Zhang, “Baidu news coverage and its
impacts on order imbalance and large-size trade of Chinese
stocks,” Finance Research Letters, vol. 23, pp. 210-216, 2017.

[25] D. Shen, X. Li, M. Xue, and W. Zhang, “Does microblogging
convey firm-specific information? Evidence from China,” Phys-
ica A: Statistical Mechanics and its Applications, vol. 482, pp.
621-626, 2017.

[26] W. Zhang, X. Li, D. Shen, and A. Teglio, “Daily happiness
and stock returns: Some international evidence,” Physica A:
Statistical Mechanics and its Applications, vol. 460, pp. 201-209,
2016.

[27] Y. Zhang, W. Song, D. Shen, and W. Zhang, “Market reaction
to internet news: Information diffusion and price pressure,”
Economic Modelling, vol. 56, pp. 43-49, 2016.

[28] X. Li, D. Shen, M. Xue, and W. Zhang, “Daily happiness and
stock returns: The case of Chinese company listed in the United
States,” Economic Modelling, vol. 64, pp. 496-501, 2017.

[29] D. Shen, W. Zhang, X. Xiong, X. Li, and Y. Zhang, “Trading
and non-trading period Internet information flow and intraday
return volatility,” Physica A: Statistical Mechanics and its Appli-
cations, vol. 451, pp. 519-524, 2016.

[30] X. Jin, D. Shen, and W. Zhang, “Has microblogging changed
stock market behavior? Evidence from China,” Physica A:
Statistical Mechanics and its Applications, vol. 452, pp. 151-156,
2016.

[31] W. Zhang, D. Shen, Y. Zhang, and X. Xiong, “Open source
information, investor attention, and asset pricing,” Economic
Modelling, vol. 33, pp. 613-619, 2013.

[32] Z.-Q. Jiang and W.-X. Zhou, “Multifractal detrending moving-
average cross-correlation analysis,” Physical Review E: Statisti-
cal, Nonlinear, and Soft Matter Physics, vol. 84, no. 1, Article ID
016106, 2011.

[33] L. Kristoufek, “Multifractal height cross-correlation analysis: A
new method for analyzing long-range cross-correlations,” EPL
(Europhysics Letters), vol. 95, no. 6, Article ID 68001, 2011.

J. Wang, P. Shang, and W. Ge, “Multifractal cross-correlation
analysis based on statistical moments,” Fractals, vol. 20, no. 3-
4, pp. 271-279, 2012.

(19

(34



Complexity

(35]

[36]

(37]

(38]

(39]

[41]

(42]

[44]

(45]

Y. Wang, Y. Wei, and C. Wu, “Cross-correlations between
Chinese A-share and B-share markets,” Physica A: Statistical
Mechanics and its Applications, vol. 389, no. 23, pp. 5468-5478,
2010.

G. Cao, L. Xu, and J. Cao, “Multifractal detrended cross-
correlations between the Chinese exchange market and stock
market;” Physica A: Statistical Mechanics and its Applications,
vol. 391, no. 20, pp. 4855-4866, 2012.

R. Gu, Y. Shao, and Q. Wang, “Is the efficiency of stock
market correlated with multifractality? An evidence from the
Shanghai stock market,” Physica A: Statistical Mechanics and its
Applications, vol. 392, no. 2, pp. 361-370, 2013.

X. Lu, X. Sun, and J. Ge, “Dynamic relationship between
Japanese Yen exchange rates and market anxiety: A new per-
spective based on MF-DCCA,” Physica A: Statistical Mechanics
and its Applications, vol. 474, pp. 144-161, 2017.

J. Li, X. Lu, and Y. Zhou, “Cross-correlations between crude oil
and exchange markets for selected oil rich economies,” Physica
A: Statistical Mechanics and its Applications, vol. 453, pp. 131-143,
2016.

Y. Zhang, Z. Zhang, L. Liu, and D. Shen, “The interaction of
financial news between mass media and new media: Evidence
from news on Chinese stock market,” Physica A: Statistical
Mechanics and its Applications, vol. 486, pp. 535-541, 2017.

Y. Yuan, X.-T. Zhuang, and X. Jin, “Measuring multifractality of
stock price fluctuation using multifractal detrended fluctuation
analysis,” Physica A: Statistical Mechanics and its Applications,
vol. 388, no. 11, pp. 2189-2197, 2009.

B. Podobnik, I. Grosse, D. Horvatié, S. Ilic, P. C. Ivanov, and H. E.
Stanley, “Quantifying cross-correlations using local and global
detrending approaches,” The European Physical Journal B, vol.
71, no. 2, pp. 243-250, 2009.

B. G. Malkiel and E. F. Fama, “Efficient capital markets: a review
of theory and empirical work,” The Journal of Finance, vol. 25,
pp. 383-417,1970.

D. O. Cajueiro and B. M. Tabak, “The Hurst exponent over time:
testing the assertion that emerging markets are becoming more
efficient,” Physica A: Statistical Mechanics and its Applications,
vol. 336, no. 3-4, pp. 521-537, 2004.

D. O. Cajueiro and B. M. Tabak, “Evidence of long range
dependence in Asian equity markets: The role of liquidity and
market restrictions,” Physica A: Statistical Mechanics and its
Applications, vol. 342, no. 3-4, pp. 656-664, 2004.

D. O. Cajueiro and B. M. Tabak, “Testing for predictability
in equity returns for European transition markets,” Economic
Systems, vol. 30, no. 1, pp. 56-78, 2006.

B. Podobnik, D. Fu, T. Jagric, I. Grosse, and H. E. Stanley, “Frac-
tionally integrated process for transition economics,” Physica
A: Statistical Mechanics and its Applications, vol. 362, no. 2, pp.
465-470, 2006.

D. O. Cajueiro and B. M. Tabak, “Multifractality and herding
behavior in the Japanese stock market,” Chaos, Solitons &
Fractals, vol. 40, no. 1, pp. 497-504, 2009.

D. O. Cajueiro and B. M. Tabak, “Testing for long-range
dependence in the Brazilian term structure of interest rates;”
Chaos, Solitons & Fractals, vol. 40, no. 4, pp. 1559-1573, 2009.
D. O. Cajueiro and B. M. Tabak, “The long-range dependence
phenomena in asset returns: The Chinese case;” Applied Eco-
nomics Letters, vol. 13, no. 2, pp. 131-133, 2006.

1



Advances in Advances in . Journal of The Scientific Journal of
Operations Research Decision Sciences  Applied Mathematics World Journal Probability and Statistics

|nternational
Journal of
Mathematics and
Mathematical
Sciences

Journal of

Optimization

Hindawi

Submit your manuscripts at
www.hindawi.com

International Journal of
Engineering
Mathematics

International Journal of

Analysis

Journal of : Advances in ] Mathematical Problems International Journal of Discrete Dynamics in
Complex Analysis Numerical Analysis in Engineering Differential Equations Nature and Society

International Journa!

of
Stochastic Analysis Mathematics Function Spaces Applied Analysis Mathematical Physics

Journal of Journal of Abstract and ; Advances in



https://www.hindawi.com/journals/jmath/
https://www.hindawi.com/journals/mpe/
https://www.hindawi.com/journals/jam/
https://www.hindawi.com/journals/jps/
https://www.hindawi.com/journals/amp/
https://www.hindawi.com/journals/jca/
https://www.hindawi.com/journals/jopti/
https://www.hindawi.com/journals/ijem/
https://www.hindawi.com/journals/aor/
https://www.hindawi.com/journals/jfs/
https://www.hindawi.com/journals/aaa/
https://www.hindawi.com/journals/ijmms/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ana/
https://www.hindawi.com/journals/ddns/
https://www.hindawi.com/journals/ijde/
https://www.hindawi.com/journals/ads/
https://www.hindawi.com/journals/ijanal/
https://www.hindawi.com/journals/ijsa/
https://www.hindawi.com/
https://www.hindawi.com/

