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Abstract: This article aims to reveal the motivation, cost, risk and profit of family education
investment in female, and through questionnaires, collecting and analysing the family investment costs
in education as well as the basic income of their children after graduating from school, and estimate
the family the total cost of higher education investment in women, and the payback period of higher
education investment, so as to reveal the family investment in education of females’ risk, and puts
forward countermeasures from the four aspects,that are government, university, enterprise and family.
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Abstract

In allusion to the deficiency of existing research, we first optimize the fractal methods based on
the perspective of fractality. And the cross-correlation between futures and spot markets during the
bull-bear cycle from 2014 to 2016 is analyzed based on the CSI 300 high frequency data from three
dimensions of cross- correlation level, multifractal feature and conduction direction. To sum up, three
conclusions are obtained. First, from the long-term scales, the spot market in the bull market and bear
market both showed a high level of cross-correlation, but there are still some differences between them.
Meanwhile, whether in the bull or bear market, multifractal characteristics can be found in the
cross-correlation between futures and spot markets with significant difference, which affects the long
memory, risk and effectiveness between markets. Finally, whether in the short or long term, the
transmission between futures and spot markets is bidirectional, and who is on the leading position in
the bull market is distinct from that in the bear market.This study is of practical significance for the
design of hedging strategies, the optimal allocation of assets and the formulation of market regulatory
policies.

Key words: bull and bear markets; cross-correlation; cross- correlation level; multifractal feature ;
conduction directions

During the period of 2015 to 2016, after a bull market Carnival, the three “Stock Market Crash”
attacked China stock market as the big bear market arrived abruptly, leading to an adverse influence
on the whole society and economy. Compared with the bull-bear cycle during the year of 2007 to 2008,
a wider range, greater strength and more far-reaching trouble was made this time. In the meantime,
the relationship between the stock index futures market and the stock market has become focus of the
public in this bull-bear cycle, and the stock index futures market was even considered to be an
arch-criminal of the "Crash".

As a hedging financial instrument, CSI 300 Index (Shanghai-Shenzhen 300 Stock Index) futures
contract has been developing rapidly although started late in 2010, which has its trading volume grown
to the top few of the global stock index futures markets in less than 7 years since launched. It has not
only provided investors with an effective tool for risk management, but also helped to purify the
operating environment of China's stock market. In addition, it also helps improve the system of
derivative instruments as well as promotes the reformation and development of the stock markets[1].

Based on the perspective of fractality, we take CSI 300 index futures as the research object,
having a more comprehensive study on the cross-correlation between future and spot markets in the
bull-bear cycle during 2014~2016 from the three dimensions of cross-correlation, multifractal
characteristics and conduction direction. the complex relationship and conduction mechanism between
the two markets are investigated to provide financial market stakeholders with a completely new
insight perspective. This research is of theoretical reference value and practical significance to the
design of hedging strategy, the optimal allocation of assets, the pricing of derivatives as well as the
establishment of market regulatory policies and so on.

A large number of empirical studies indicate that the relationship between stock index futures and
spot is the key to understanding the complex dependence structure of financial markets, which can
reveal the digestion, diffusion and dissemination of market information[2-5] . Many scholars have
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conducted quite a few researches on the relationship between CSI 300 Index futures and spot markets.
For instance, Yang et al.[2] found a strong bidirectional dependence between futures and spot markets
in their intraday volatility by using asymmetric ECM-GARCH model. Yang & Steven [3] had an analysis
on the impact that the futures may have on the spot based on AR-GJR-GARCH-M model and
VECM-GARCH-M model, and they found the futures market intensifies positive feedback trading on
the spot market which is detrimental to the informational efficiency. Chen & Dong[4] further explored
the dynamic relationship between the two markets based on GARCH family model and VAR model.
Results showed that stock index futures lead to a greater volatility in stock market in the short term.
while the impact is gradually weak in the long term. Yao & Lin ¥ employed Granger Causality and
conditional Granger Causality model to estimate information flow and direct information flow between
futures and spot markets. The results revealed that the information flow between the two markets is
bidirectional, and the information flows from futures to stocks are slightly greater than those in the
reverse direction, while the direct information flows from stocks to futures are significantly greater than
those in the reverse direction.

The mentioned above researches failed to fully describe and accurately measure the complex and
nonlinear dependence structure of financial markets whose reason was that these reseaches were all
conducted based on the Efficient Market Theory which are proposed in the premise of "linearity and
normality”. Therefore, the Copula function family was introduced into the study of the complex linkage
between the futures and spot markets by relevant scholars. For instance, Tong et al.[6]'s research
based on Copula-GARCH model revealed that dependences between each pair of overnight (daytime)
returns are time-varying, which decreases substantially after the creation of the CSI 300 index futures.
Gong et al. [7] revealed a significant nonlinear dependence between the bid-ask spreads and returns
which can greatly change in extreme cases by adopting the copula-MIDAS model.

However, the requirement that time series must be independent and identically distributed while
using Copula has limited the application of Copula [8]. While fractal theory can not only overcome the
defects of traditional efficient market theory and Copula model, but also make full use of the value of
multiple time scales. Thus, Detrended Cross-correlation Analysis (DCCA)[9], Multifractal Detrended
Cross-correlation Analysis (MF-DCCA)[10] and other research methods based on fractal theory have
been proposed to apply to the study of the relationship between the CSI 300 index futures and spot
markets widely[11-13]. For instance, by using MF-DCCA and MF-ADCCA methods, Ruan et al.[11]
examined the cross-correlation properties of Baltic Dry Index (BDI) and crude oil index. They found a
multifractality in their cross-correlation and cross-correlations of all kinds of fluctuations are persistent
in the short time while cross-correlations of small fluctuations are persistent and those of large
fluctuations are anti-persistent in the long term. Moreover, the multifractality of cross-correlation
between them should be attributed to persistence of fluctuations of time series and fat-tailed
distributions. Again, Ruan et al. [12] studied the price-volume relationship of the gold futures and spot
market by adopting MF-DCCA methods. The empirical results indicated that for both spot and futures
markets, the cross-correlations are anti-persistent in general. In the short term, the cross-correlation
shows obvious fluctuations due to exogenous shocks, while in the long term, the relationship tends to
be at a metastable level due to the dynamic mechanism. Xie et al. [13] conducted a study on the
cross-correlation of the yuan-dollar exchange rate between onshore and offshore to find an
anti-persistence and multifractal behavior in their cross-correlation. Based on AMF-DCCA and
MF-DCCA , Cao et al.[14] investigated the cross-correlation of stock markets between China and
America by using different risk conduction effect models from the perspective of China stock market.
Empirical results indicated the existence of a bidirectional conduction effect between domestic and
foreign stock markets, and the greater influence degree from foreign countries to domestic market
compared with that from the domestic market to foreign countries. The above researches also
demonstrate the feasibility and advantages of fractal theory in studying the cross-correlation between
financial markets.

The above literature based on fractal methods such as DCCA and MF-DCCA focus on the
confirmation of persistent cross-correlation and its multifractal features between the futures and spot
market, while the relationship between CSI 300 stock index futures and the spot market in the bull bear
cycle has never been studied, let alone the complex mechanism in them. Gunay[18] believes that there
are significant differences in the complexity of the financial markets in the bull and bear periods,
besides, the bull-bear cycle during 2014~ 2016 is of more value for research than before.

Compared with the previous literature, the innovation of this paper lies in two aspects: (1) on the
premise of nonlinearity and non normality, and based on the optimized fractal research methods, a
more comprehensive study of the cross-correlation between the CSI 300 index futures and spot
market in the bull-bear cycle during 2014 to 2016 is conducted from three aspects of cross correlation
level, multiple fractal characteristics and conduction direction, revealing the complex mechanism and
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running rules between the two markets; (2) the conducting direction of the two markets in the bull bear
cycle is studied in the scales of short and long term, and which one takes the leading position in their
relationship is further analyzed, completing the current researches. All of these studies are rarely
involved in previous literature.

2. Methodology

2.1 Optimized MF-DCCA

MF-DCCA method is mainly used for investigating the cross correlation and multifractal
characteristics of two non - stationary time series, but a large drawback still exist in the method——the
non-overlapping of segment when dividing the time series can result in the lack of continuity in the
fitting of the adjacent interval polynomial, which may lead to deviations of results because a new
pseudo-fluctuation will be introduced[19]. Therefore, an optimized MF-DCCA was proposed by Zheng
& Wang[20] to mitigate the deviation caused by pseudo-fluctuations. Based on their idea, this paper
optimizes MF-DCCA methods by using overlapped sliding window technology. Let x (i) and y (i) be the
time series of length N. Then the optimized MF-DCCA method can be described as follows:

Stepl: We determine the accumulated deviation xx (i) and yy (i) of the time series x (i) and y (i) for
i=1,...,N:

i - i -
xx(i) = > [% —X] @) =Y [y, -Vl (1)
k=1 k=1
where X and ¥ denote the mean of the time series x (i) and y (i) respectively.

Step2: Divide series xx(i) and yy(i) into N, =[(N —s)/(s—1)] segments of equal length s, where
“[I’denotes the function which gives the integer part of a real number and | is the overlap length which

S
is defined as I=§ according to(in reference of) the Ref. [20]. In order to make full use of the

information included in the series, we repeat the same procedure starting from the end of the profile
and obtain this 2Ns segments. Step2 is the only distinction between the optimized and traditional
MF-DCCA, which was considered an effective way to alleviate errors caused by pseudo-fluctuations
according to Zheng &Wang[20].

Step3: For each segment v where V=12,...,2N_, the least square method is used to fitting the

local trend which is named as XX ()and YY (i) . By eliminating the local trend of each segment we
obtain the residual sequence given by following formulas:

13 . NP . N
£, =132 o (0= 206 0y, () -YY- 0
Step4: Given the variances, We then obtain the g-th order fluctuation function:

F, (@:9) ={expl - > n(£(9)h a0
v (3)

2N,

F, (@9 =G 2 (179) " F.q 20

s v=1

Step5: If the Power- law correlation is presented in the series {X} and{Vi}, the function

)

ny (a,s) will behave as following scaling:
F,(a,8)~s (4)

Generally the exponent hXy (q)is a function depending on the variable g. When g<0 or g>0,

hey (9)

hXy (q) describe the scaling behavior of small fluctuation and large scale respectively. When g=2, the
MF-DCCA method corresponds to the DCCA method, while h, (2) become a standard Hurst
exponent. When hXy (q)=0.5, cross-correlation without long memory can be found between the two

series, whereas hXy (q) > 0.5, we say that there is a long range cross correlation between the two time

series, which means that there is not only significant autocorrelation in each sequence, but also a
significant long memory between the two time series. If 0<h, (q)<0.5, then we say that
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antipersistent cross-correlation exists in the two series, which means a significant antipersistent exists
in each sequence as well as between the two series. In addition, when hxy(q) is a constant

independent of q, the series present single fractal; whereas the series are multifractal
when h, (q) depends on g.

In order to quantify the multifractal degree of cross-correlation , Ahis defined according to Ref.

[21] as
Ah= hmax (q) - hmin (q) (5

where Ah can quantitatively characterize the market volatility. It can not only measure the
multifractal degree of the cross-correlation of the two sequences, but also measure the risk of
cross-correlation between the two time series [15]. A larger Ah means that the greater multifractal
intensity, the greater the risk of cross market is, with the increasing infection of risk [8]. When the two
time series are the same time series, that means {x,}={y,}, the MF-DCCA method is transformed into

the MF-DFA method.
Thus, let step size of q be t, the validity measurement model based on MF-DCCA method is

given as

1 O
™ Wmax —Gmin /1L qz [h(a)-0.5] (6)

=min

Proposed by Wang et al[21], this model reflects the market efficiency level by measuring
fluctuations of various amplitudes. When DME approaches zero, the market shows high efficiency
and effectiveness become stronger. While with the DME increasing, the market efficiency and
effectiveness will become weaker.

The above optimization for MF-DCCA method applies equally to the methods of 2.2and 2.3.

DME

2.2 DCCA coefficient

Proposed by Zebende[22], DCCA coefficient method is a nonlinear correlation measurement
method which is mainly used to measure the cross-correlation level of two non-stationary time series at
different time scales. The first three steps of the DCCA coefficient method correspond to those of the
MF-DCCA method, thus, we begin with Step4.

Step4: We first calculate the fluctuation function of detrended covariance Fzy;DCCA :

X,

2 _ 1 =
Fx,y;DCCA_ZN zfv (S) 7

v=1
When {x}={y;}, F/ pcca tuminto F2o.,or Flo.,.
Step5: Next we calculate py.,(s) with following formulas:
FDZCCA(S) (8
FX;DFA(S)D:y;DFA(S)

Where ppeea(s) range from -1 to 1. ppeca(S)=1 and  ppeca(S)=—1 indicate the perfect

Poceals) =

cross-correlation and perfect anti-cross-correlation respectively, and ppcc,(S)=0 implies that no
cross-correlation exists between the two time series.

2.3 DCCA based on time delay

As a method to examine the linear causality, traditional Granger causality test fail to apply to the
nonlinear market environment, therefore, a nonlinear Granger causality test was proposed to solve the
problem. However, the nonlinear Granger causality could only determine whether the two sequences
are Granger causality, and fail to measure the impact of one on another. While the DCCA method
based on time delay proposed by Lin et al.[23] can calculate the degree of impact concretely other than
determine the nonlinear causality between two markets, which overcomes the defects of previous
methods. Then the method can be described as follows:

Stepl: We suppose two time series {X()} and {Y(1)}, and defined a new series {Y(t+AT)}
by lagging {Y®} with AT . Then new time series are built:
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x(m)=Zm:(x(t)—)_<),m=1,2,~--,N—AT 9
y(m) =Y (y(t+AT)—y),m=12,-- N - AT (109

t=1

1 N-AT - 1 N-AT
Where = a7 2w XOand V= a7 2 YEHAT)
Step 2 to step4 are consistent with those of MF-DCCA method, hence we start from step5:
When there exists cross-correlation between the series {x(t)} and {y(t+ AT)}, the function

F,, () will behave as following:

AH;.FF = HurStsAT - HUfStFAT (110

Where Hurst exponent tests power-law correlation between the time series, especially measure
the influence of Futures (spot) on their different lag stages. In order to determine which market is more

influential, we defined AH ;" in reference of [16]:

AH P = Hurst,,, —Hurst,,, (12)

Where SAT and FAT stand for the lag stage of spot and futures respectively.
AHAST'F >0 indicates that futures has a greater impact on spot and takes the leading position in their

relationship, otherwise, AHAST'F < Oindicates a contrary situation.

3 Empirical analysis

3.1 Data

This paper chooses CSI 300 index futures contracts of spot month and CSI 300 index as the
research object. For abundant information is contained in the high frequency data, we use 5 minutes
closing price during 2014-8-20 to 2016-3-1 as the sample. Here we use “futures” and “spot” for short.
We have 17712 data for futures and spot respectively after excluding their overlapping parts in
transaction time. The data are taken from Wind database.

Gunay[18] argues that bull and bear markets should be bounded by peaks within the sample
range, with the section from trough to crest on the left being bull and the section from crest to trough on
the right being bear. In our sample, the futures peak appears on 2015-6-8 while the spot peak appears
on 2015-6-9. Taking into account that CSI300 index futures has a strong price discovery function, and
is more sensitive to the change of market, we take futures as the standard to determine the bound of
bull and bear periods. Hence, this paper selects the data during the period from 2014-8-20 to 2015-6-8
as the bull section, and data during the period from 2015-6-9 to 2016-3-1 as bear section, 9312 data
and 8400 data are contained in the bull section and bear section respectively; by calculating
logarithmic difference of the 5 minutes closing prices, we obtain the returns series:
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Bull Bear Bull
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Fig. 1 Returns series for futures Fig. 2 Returns series for spot

Table 1
Statistics of returns for futures and spot markets

Minim  Maxi Std.de Skew Kurto JB statist
Mean

um mum Vv ness sis ic
futu 0.000 -0.045 0.082 0.0028 2.084 105.4 403038 -97.71**
Bul res 0882 166 084 21 742 030 2%%* *
I spot 0.000 -0.051 0.064 0.0026 0.201 63.02 138251 -72.68**
0886 818 080 84 725 388 %% *
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futu -0.00 -0.091 0.070 0.0048 0.384 45.12 616515. -95.43**

Be res 0079 936 832 26 149 37 S¥** *
ar oot -0.000 -0.067 0.063 0.0003 -1.47 40.45 489182. -96.65**
P 075 348 203 928 480 834 2%+ *

Attention: *, **and *** indicates they were significant at 10%, 5% and 1% levels respectively. The
original assumption of JB statistic is that the sample sequence obeys the normal distribution.
Q(n) stands for Ljung -box Q Statistic with g-th lag.The results of the three tests apr are consistent, Only

the test results containing constant and trend items are given here,which is obtaied by determining
optimal test order by the AIC rule.

As is shown in Figurel and Figure 2, the futures and spot returns fluctuate violently in both bull
and bear markets, which demonstrate the clusters of small and large fluctuations. Table 1 suggests a
fat tail of returns series whose skewness and kurtosis aren’t consistent with normal distribution.
Furthermore, the Jarque—Bera test results’ rejecting the null hypothesis of the normal distribution at 1%
significance level confirms that the futures and spot returns in both bull and bear markets are not
Gaussian. In the meantime, the autocorrelation of each series is significant in the range of 20 orders of
delay. Augmented Dickey—Fuller test results show that all series are stationary.

3.2 Cross-correlation analysis

In order to test the cross-correlation between futures and spot markets of various time scales
guantitatively, DCCA is used and according to Eq.(8), we obtain the level of cross-correlation in bull
and bear markets of different time scales:

o 500 1000 1500 o 200 400 600 800 1000 1200 1400
s s

Bull
Bear

Fig.3 Poccals) ~s
Table 2
The description of Ppcca(S)

Mean Minimum  Maximu  Std. dev  Skewnes  kurtosis  Jarque-Be

m S ra

Bull 0.961843 0.816012 0.979425 0.021864 -2.79303 12.98233 8341.753*
2 **

Bear 0.926323 0.787323 0.951630 0.024527 -2.52471 10.56434 4773.393*
1 *%

Notes: the null hypothesis of Jarque-Bera is the return series are normally distributed, and ***
indicates rejection of the null hypothesis at the 1% significance level.

In Figure3, we find that in short term, the cross-correlation between the two markets is not
significant in both bull and bear markets. With the increasing of time scales, the cross-correlation
increases rapidly and slows down when s=400, which indicates that their cross-correlation stays in a
high level in the long term, consistent with the conclusion of Cao et al.[15]. Futures contract is a
derivative product based on spot price, and futures market provides price information for spot market
through price discovery function. Thus, even though the two markets are weakly linked in short term,
they present a relatively high level of cross-correlation in the long term, which shows an inseparable
relationship between them.

In the meantime, attention should be paid to the remarkable difference in the cross-correlation

between the bull and bear market. We quantify their difference by calculating ppcca(S) - As is shown in

Table 3, the ppca(S)in the bull market has a larger mean value in comparison with bear market,

implying a higher level of cross-correlation in the former. In addition, futures and spot in the bull market
presents a more stable cross-correlation for its lower standard deviation of pp.ca(S), which provides
regnant conditions for hedging, arbitrage as well as supervision. We have proved that the return series
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in the bull and bear market present a “fat tail” with a non-zero skewness and a kurtois larger than 3. In
the same way, the py..,(S)  series reject the null hypothesis of the normal distribution at 1%
significance level. Thus, we can conclude that the p.., (S) series are not normally distributed in both
bull and bear market.

3.3 Multifractal analysis
Optimized MF-DFA method and MF-DCCA method are adopted to explore the multifractal
between the futures and spot markets and of themselves in this section. ’s value range from -10 to

10 with a step length of 2, and the scale s varies from 5 to N/6, as is defined in Ref.[16]. According to
Eq. 4, Fig. 4and Fig. 5 are obtained:
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Fig. 4 @-~q of bull market Fig. 5 @-~q of bear market

As is shown in Fig. 4 and Fig. 5, h,(q). h.(q). h,(q), whereX, y and xy denote spot,

futures and spot-futures markets (we name it “cross-market”) respectively, decrease with g, having a
non-linear dependency on ( .Thus, we can firm that there exist multifractal cross-correlation features

between futures and spot as well as in themselves in both bull and bear markets.
From Fig.4 and Fig.5 we could also observe that, the futures market in bull market, futures market

and cross-market in the bear market have "jumping point" phenomenon. That is, when ¢ < -2, their
h(q) >1,which means small fluctuations are non-stationary processes with persistence[24], Whereas
when >0, h(Q) jump into the range of 0~1 again. Thus, h(Q) has a substantial jump when q’s

value ranges from -2 to 0. Bai et al.[19] argued that extreme volatility will dominate the market with
persistence once this phenomenon occurs. In other words, the larger the jump, the more the market

volatility and the greater the extreme risk. There is a “jump phenomenon” in h(Q) of futures markets in

either bull market or bear markets , which implies that China's stock index futures market is faced as
greater risk with a higher probability for extreme events to happen due to its high leverage and a high
degree of market sensitivity. Investors will be confronted with great risk if they carry out one-way
speculation. While the “jump phenomenon” exist in cross-market in bear market only, which indicates
that compared with the bull market, the relation between futures and spot market has undergone
extreme changes in the bear market. The interdependent structure between two markets is very
unstable and it is difficult to grasp the relationship between them. While the “jump phenomenon”
doesn’t occur in the spot market in either bull or bear market and it fluctuates more gently.

Complexity of financial market like long memory, market risk and effectiveness have been the
focus and hot topic of academic circle. Many previous literature have proved that the multifractal theory
is one of the best methods to study the complexity of financial markets. Therefore, in this chapter, the
long memory, risk and effectiveness of futures and spot in the bull market and bear market will be
analyzed and compared in the next three sections according to the multifractal features mentioned
above.

3.3.1 Long memory analysis
According to Eq.4, we obtain the values of h(Q):
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Table3

The h(Q) of cross, futures, and spot markets in the bull and bear periods

bull | bear
futures spot cross futures spot cross
-10 1.1940 0.7122 0.9347 1.7203 0.7356 1.1979
-8 1.1768 0.6982 0.9188 1.7013 0.7210 1.1809
-6 1.1525 0.6789 0.8966 1.6747 0.7020 1.1571
-4 1.1159 0.6513 0.8634 1.6347 0.6765 1.1199
-2 1.0502 0.6199 0.8032 1.5524 0.6399 1.0382
0 0.5735 0.5717 0.5838 0.5478 0.5884 0.5728
2 0.5062 0.5114 0.5208 0.4951 0.5245 0.5235
4 0.4237 0.4159 0.4225 0.4332 0.4613 0.4643
6 0.3487 0.3404 0.3475 0.3944 0.4215 0.4266
8 0.3036 0.2948 0.3032 0.3710 0.3971 0.4035
10 0.2779 0.2659 0.2756 0.3555 0.3808 0.3880

As we can see from Table 3, when (<0, the bull and bear markets will present a relationship as
0.5<h (q) <h, (q) <h(q), suggesting that the long memory exists in both markets as well as the

historic market trend have an positive impact on the current trend. The market trend is persistent and is
more difficult to reverse, thus, the investment strategy will perform as well in the future as they do in the
current with relatively high probability. when q=2 , the situation falls into two categories,

where 0.5<h,(q) <h,(q) <h,,(q) in bull market and 0.5<h,(q)<h,(q)<h,(q) in bear market,

implying that the long memory of futures market is significantly weaker than that of cross market and
spot market, closing to 0. At this point, the market tends to random walk, and it is difficult for investors
to grasp the law of the futures market. The one-way speculative behavior in the futures market by
means of historical information will bring disaster to investors. When > 2 with a large fluctuation,

h,(g) <h,,(q) <h,(q) <0.5 in both bull and bear markets, where either the two markets or the

cross-market also present anti-persistence by mean reversion. The characteristic that large fluctuation
can easily cause reversal is likely to provide investors on futures-spot markets with evidence to carry
out related arbitrage activities.

Akerlof and Shiller [25] argued that investors tend to buy when the stock market rises and sell
when the stock market declines. Their response to past price changes may be reflected in a larger
price change in the same direction, and it will and maintain for a period, which called “feedback from
price to price”. Futures, spot and cross market have long memory characteristics, sustainable ability in
a slight fluctuation, this phenomenon is precisely " feedback from price to price " mechanism of the
results. But the only thing is that the trend of supporting the bull market and the bear market is the
expectation that prices will rise or fall, and this expectation won't last forever.In fluctuating sharply, the
long memory of the above three markets gradually decay ,and finally become anti-persistent
characteristics, which follows a mean-reverting process. this phenomenon is the expectations of
investors and the result won't last forever.

3.3.2 Risk analysis
According to Eq.5, we obtain Table 4.

Table4
The Ahin bull and bear markets
futures spot cross market
bull bear bull bear bull bear
Ah 0.9161 1.3648 0.4463 0.3547 0.6591 0.8099

To analyze from table 4, we have some observation.

First, the Ah of futures is significantly higher in bear market than that in the bull market, which
indicates that the Three “Crashes” have increased the market risk to a great extent. In the bear market,
the spot market has witnessed thousands of stocks rising to daily limit and then fall to limit, thus
leading to the frequent boom and bust of futures market, in which not only for long futures account, but
also for short account is faced with the possibility of being forced liquidation, triggering panic among
investors in the futures market.

Second, the Ah of cross-market is smaller in the bull market than that in the bear market,
implying that cross-market is more multifractal in bear market, and thus is faced with higher risk, which
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further shows that the contagion effect between the futures and the spot market in the bear market is
increasing. When formulating measures, the market regulators should take the two market as a whole,
the effect of policies will be weakened or even invalid if we just pay attention to a single market and
ignore the risk from external. In the meantime, the risk of cross-market is higher than that of spot
market in either bull or bear market, but significantly lower than that of futures market, thereby the
investors can reduce the risk through arbitrage between the two markets and improving SHARP ratio
to reduce the probability of extreme events leading to loss.

The above research on the risk between the two markets has proved that there exists market risk
between futures and spot markets in whether bull or bear market, where the risk contagion is more
pronounced in bear markets . However, few studies have referred to the problem whether small
fluctuation or large fluctuation is the risk contagion way in this round of bull and bear cycle in China.
Hence we try to further explore the risk contagion between futures and spot markets by comparing the

values of h, (q), h,(q)and h (q). According to Jiang and Zhou[26], the relationship among the
three h(q) which are calculated by MF-DCCA method can be depicted as follows:

h (@) = (h,(a)+h,(q))/2 (13)

Nevertheless, previous results implied that the Eq.13 did not work[14], for there is certain deviation
between the h(Q)in cross-correlation scale and h(qQ)in average auto correlation scale, which is of

certain significance for understanding the complexity of futures and spot markets[26]. The deviation is
defined as follows in reference to Ref.[27]:

hy (@) —(h,(9) +h,(q))/2
(h.(@)+h,(a)/2

Jiang and Zhou et al.[26] argue that if Detrend(q) between the two markets is above zero, it
means the (Q’th order fluctuation of one market can be mainly attributed to the shock and risk
contagion brought by another market, other than the market itself. Otherwise, q ’th order fluctuation of
one market should be attributed to itself. According to Eqg.14, Fig. 6 is obtained:

Detrend(q) = (14)
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Fig. 6 Index in cross (average) correlation scale in the bull and bear markets
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Fig. 7 Deviation between bull and bear market
Fig.6 and Fig.7 confirm that the Eq.13 is wrong in whether bull or bear market, which is consistent

with the conclusion of Ref.[2]. When (<0, cross-correlation exponents in futures and spot market
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are all below average scaling exponents, which indicates that the small fluctuation of the two market
should be mainly attributed to the market itself, less affected by external facts. While when >0,

cross-correlation exponents in two markets are all above average scaling exponents, indicating that
the large fluctuation of one market should be caused by the risk contagion of another market, rather
than itself [28]. For instance, the opening of Shanghai-Hong Kong Stock Connect program has
significantly enhanced the open degree of spot market. Therefore, A sustained slump occurred in the
main peripheral market led to a second Crash in China’s stock market in the late August 2015. The
futures market was further infected for the cross-correlation between them, causing volatility in the
futures market. The above results also showed that the risk contagion between China's futures and
spot market mainly occurred with great fluctuation, while slight fluctuations are mainly due to its own
factors.

From Fig.7 we could also observe that, there are some differences between the bull and bear
market in the relative deviation, in which when >0, the deviation between cross-correlation and

average auto correlation in bear market is greater than that in the bull market. Therefore, it is in bear
market that a market with large fluctuation is more likely to be affected by the shock and risk contagion
from another market.

Conclusion can be drew from above analysis that whether in the bull or bear market, the risk
contagion between China’s stock and futures markets always occurred with large fluctuation, with a
greater strength and larger range, bringing an even worse impact. Therefore, China's market
regulators should strengthen the supervision and early warning of large fluctuations while supervising
the stock index futures and stock market, and put the prevention and control of financial risks on a
more important position to ensure no system risk, maintain the normal order of the market, and
promote the healthy and sustainable development of China's financial market.

3.3.3 Market efficiency analysis
By calculating based on Eq.6, DME of bull and bear market are obtained in Table 5.

Table 5
The DME of bull and bear markets
Spot Futures Cross-market
Bull Bear Bull Bear Bull Bear
DME 0.1297 0.1479 0.3572 0.5711 0.2429 0.3279

As is shown in Table 5, the DME of the two markets and cross-market in the bull are all below that
in the bear, implying a higher level of efficiency in the bull than the bear. The high efficiency of bull
market attracts more social funds to take part in the investment activity. Whereas the bear market has
a weaker efficiency for the reason that the three “Crash” has brought a series of great impacts on the
market investors’ accounts as well as their confidence and has intensified herding behavior and other
irrational phenomenon. An efficient market can attract more investors to join, optimize the allocation of
resources and accelerate the flow of capital, playing an important role in the development and stability
of economy, whereas a market of low efficiency is difficult to attract investors, which can be verified by
the dramatic decline of trading volume in the bear market.

Although the market efficiency in the bull market is higher than the bear market, we found that the
difference is not significant. To further analyze, we can attribute this to three facts. First, the
Commission increased its efforts to crack down on irregularities and illegal activities and intensified its
monitoring of market trends during “crashes”. Second, the China Securities Finance Corporation tried
to intervene the market through a series of large-scale capital investment, alleviating the extreme
fluctuation. Moreover, CFFEX (China Financial Futures Exchange) effectively curbed market
speculation by adjusting relevant policies including raising the margin ratio and fees as well as limiting
positions number. The above series of measures have stabilized the market sentiment and controlled
the chaotic situation caused by “Crash” to a certain extent. For these reason, although the bear market
has experienced several rounds of decline, the market efficiency is only slightly inferior to the bull
market. This founding implies an enhancement of capacity of China’s market supervision authorities,
which have adjusted themselves to the complex market environment.

3.4 Conduction direction analysis
The cross-correlation conduction direction between the spot and futures markets during the bull
and bear periods is investigated by adopting the DCCA method based on time delay. The AT value
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in previous studies using high frequency data range from 1 to 48[15], which can only investigate the
conductive direction in the short term?, ignoring that of long term. Therefore, we carry on the correlation
research from both the short-term and the long-term. We let the AT range from 1 to 48 in the short
term, while range from 48 to 1096 in the long term with a step size of 48. By excluding break
days ,there are 22 trading days per month, and 48 data can be obtained each day, equal to step length,
thus, we can study the conductive direction for maximum lag of 22 days. According to Eqgs.11-12,
Figure5~10 are obtained, among which Figure 8~10 present the result in the short term, while
Figure11~13 present the results in the long term.

(1) As is show in Figure8~9, the Hurst exponent is above 0.5 in both the bull and bear markets,
which indicates that the cross-market expresses a long-range cross-correlation with either spot or

futures lagging behind. With the lags increasing, HUStsar and HUrStear decrease gradually after a
sharp rise. This can be attributed to the fact that with time going, people tend to judge the difference
between two markets rationally, thus act irrationally with smaller probability, which in turn affects the
cross-correlation between the two markets indirectly. The above results also show that the futures
(spot) will be affected in the lag of spot (futures), implying that the
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To analyze from the short-term

perspective, we have two observation:
(1) As is show in Figure8~9, the Hurst exponent is above 0.5 in both the bull and bear markets,
which indicates that the cross-market expresses a long-range cross-correlation with either spot or

futures lagging behind. With the lags increasing, HUrStssr and HUrStear  decrease gradually after a
sharp rise. This can be attributed to the fact that with time going, people tend to judge the difference
between two markets rationally, thus act irrationally with smaller probability, which in turn affects the
cross-correlation between the two markets indirectly. The above results also show that the futures
(spot) will be affected in the lag of spot (futures), implying that the transmission direction between the
two markets is two-way.

S-F
(2) As is show in Fig.10 , when AT <10, AHyr is below zero either in the bull or bear market,
indicating that the spot market has a greater impact on futures markets in the same lag. However, with
S-F
AT increasing, AHy turns positive, suggesting that in the larger scale of lags, the futures market
has a greater impact on the spot market. In the meantime, the futures market exerts a greater impact
on the spot market in the bull market compared with the bear market.
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Fig.11 Hurst exponent in the lagged spot market Fig.12 Hurst exponent in the lagged futures
market

1 One trading day contains 48 data, while AT range from 0~48, that is , they only studied the conduction direction
behind one day actually.
3-145



2018 ACFEA Conference 3-E-3

6 2 a4 8 & 10 12 14 16 18 20 22 24
AT

Fig.13 Difference in the Hurst exponent of the two markets
To analyze from the long-term perspective, we have two conclusion.
(1) As is show in Fig.11~12, Hurst exponent of the bull and bear are both above 0.5, manifesting
the existence of long memory in the cross-market whether with the spot or futures lagging behind.

Hursts,r gng HUrstear change with the increase of the lags, thus the transmission direction of the

two markets is still two-way. However, compared with the short lag, HU'Stsar and HUrStear change
more gently in the long-term delay, which implies that investors in the market are more susceptible to
the impact of short-term information, while less sensitive to the impact of long-term information.

S-F
(2) As is show in Fig.13, when AT =720 (15 days lag ), AH in the bull market are all below

S-F
zero, implying the spot has a greater impact on the futures market, whereas AH are positive when
720 < AT <1056 (15~22 days). The situation varies when it comes to the bear market, when

S-F
48 < AT <288 (1~6 days), AH is above zero, indicating that futures affects more on the spot,
S-F

whereas AH is below zero when 336 =<AT <1056 (7~22 days), implying an opposite situation.
The futures is more sensitive to the changes in market direction due to its high leverage and liquidity. In
this case, the futures gradually take the leading position with the increase of time delay in the bull
market. While in the bear market, the rescue work is mainly carried out on the spot market, in which
massive stock purchasing, crackdown of illegal behavior and other measures were carried out to
improve the confidence of the market. In this way, with the increase of time delay, the spot gradually
takes the leading place in the bear market.

4. Conclusion

Based on fractal theory, this paper conducts a comprehensive study of the cross-correlation
between CSI 300 index futures and its spot markets in the 2014~2016 bull and bear cycle from the
three aspects of cross-correlation level, multifractal and conduction direction by adopting optimized
DCCA coefficient method, MF-DCCA method and DCCA method based on time delay. The findings are
as follows.

First, whether in bull market or bear market, the cross-correlation between the futures and spot
markets is weaker in the short-term scale than that in the long-term scale. Meanwhile, the
cross-correlation of the bull market is higher and more stable in comparison with that of bear market,
which indicates that the stakeholders in the bull market are more available to grasp the relationship
between the spot and futures market so as to carry out hedging, arbitrage as well as market
supervision more effectively. Next, we found the existence of multifractal cross-correlation between the
futures and spot market as well as their differences between the bull and bear markets, which has a
certain influence on long memory, market risk and effectiveness. Although there are difference in the
market risk and effectiveness between the bull and bear markets, they are not significant, which can be
attributed to the measures that China's market regulatory authorities have adopted to suppress the
extreme fluctuations in the market during the three “"crash" . Moreover, whether in the long-term or
short-term, the cross-correlation of the futures and spot market is bidirectional conduction in both bull
and bear markets. While the long-term cross-correlation of futures and spot markets in the bear market
is different from others, in which the stock market gradually take the leading position in their
relationship with the increase of lag. A wide range of powerful bailout behavior conducted by securities
authorities should be account.

Further analyzing, some inspirations are obtained: (1) For one thing, the difference of
cross-correlation level between the bull and bear market requires the stakeholders to take different
views on them so as to better study the relationship between the futures and spot markets and carry
out the effective investment and supervision activities. For another thing, the cross-correlation
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coefficient series present the characteristic of nonlinear and non normal in both the bull and bear
market, suggesting that nonlinear method should be introduced into the pricing of derivatives, hedging
strategy design to design the financial products that can depict the nonlinear dependence structure of
markets more accurately. (2) The cross-correlation between the futures and spot markets has proved
to be multifractal and different in the bull and bear market, implying that the two markets have a
nonlinear complex dependent structure. Investors and market regulators should treat two markets as a
whole, but differentiate their relationship in the bull and bear market. Since separately studying of the
two markets will bring losses to the investors as well as make the market supervision invalid. This
founding also provides a new perspective for China's financial market stakeholders to understand the
relationship between the futures and spot markets. (3) There is a two-way transmission in the
cross-correlation between the futures and spot market in the bull and bear market either in long term or
short term, where who takes the leading position differs in the bull and bear market. Again, this
requires the market regulators to take the two markets as a whole, and accurately grasp who takes the
leading position in the bull and bear markets. Measures should be taken from the source to reduce
policy delay, thus raising the effectiveness of policy. In this way, we can create a stable market
environment to promote the development of China's financial markets.
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Abstract

In this paper, the marginal effects of employment expansion in China’s public sector on the
unconditional distribution of wage income is investigated with the unconditional quantile estimation (uge)
suggested by Firpo, et al (2009) using the China Health and Nutrition Survey (CHINS) data. To get rid of
the effects of Asia financial crisis on 1997 and the subprime financial crisis on 2008 on our empirical
results, the whole sample is split into three sample periods, the first from 1989 to 1997, the second from
2000 to 2006 and the last from 2009 to 2011. The marginal effects of public employment on the
unconditional distribution of wage income are summarized as follows. First, an expansion of employment
in China’s public sector has a significantly negative impact on the mean level of wage income in the first
sample period and becomes significantly positive in the second and third sample periods. Second, an
expansion of employment in China’s public sector reduces the dispersion of wage income in three sample
periods. This implies that an increment of the employment in public sector improves the income inequality
in China. Third, the expansion of public employment makes the unconditional distribution of wage income
from symmetric to be skewed to the left. The main conclusion of this paper is, without considering the
inefficiency of state-owned firms, the expansion of employment in public sector is a suggestive policy
strategy to improve income inequality.

Introduction

Market reform since the 1980s has fundamentally changed China’s economy and has dramatically
increased the economic growth. Simultaneously, the inequality of income distribution accompany with
economic growth has become a cruel criticism globally. In China, the Gini coefficient increased to near 0.5
in 2008-2009 and decreased to 0.46 in 2015. Even though the income inequality is getting mild recently,
however, the Gini coefficient of 0.46 is still relative high international-wise.

In literature, the income distributional gap in China has been explored in different aspects. The factors
caused the income distributional gap could be classified into the differences in 1) national financial
development (see Hu and Liu (2010), Sun (2012), and Yang and Ma (2014)), 2) educational levels (see
Chen et al. (2010), and Yang (2015), 3) levels of urbanization (see Tsao et al. (2010), Sun and Wu (2012),
and Lu (2016)), and etc. In addition, Chen and Gao (2010) finds that the income differences have been
getting large among occupations. Deng(2011) finds that the income gaps are relative larger in big cities
than in small cities. Also, Chen(2010) verifies that the inequality of occupations is an important factor
causing the income differences.

Expanding employment in public sector could be a favorable policy to get elicit votes in political
election campaign. And, it could be a fiscal policy tool for promoting income level. Using conditional
guantile regression, Mueller (1998) compares the wage difference between public and private workers.
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Quadrini (2007) indicates that expansion of public-sector employment is taken as a fiscal policy tool in
years of economic recession. To reduce the negative impact of the Global Financial Crisis of 2008 on
economy, China’s government expanded the employment of public sector strategically. The number of
public-sector employment increased from 64.2 millions. It is interesting to know the effects of the
employment expansion in public sector on the income distribution.

To explore the marginal effects of an expansion of public-sector employment on the income inequality,
this paper conducts an empirical study using the unconditional quantile estimation of Firpo, et al (2009)
and the surveyed data of CHNS (China Health and Nutrition Survey). Baltagi and Ghosh (2017) confirm
the effects of unionization on US wage inequality during the period 1983-1985 for both conditional and
unconditional quantile regressions as in Firpo, et al (2009). Our empirical results support the expansion of
public-sector employment in China have the effect on reducing the income inequality. The rest of this
paper is organized as follows. Section 2 summaries the roles of employment in public sector on economic
development. In section 3, the unconditional quantile estimation of Firpo, et al (2009) is introduced. The
empirical data of this paper, CHNS, is described in section 4. The empirical analyzes using unconditional
quantile estimations are also provided in section 4. The last section provides empirical findings and
conclusions.

Roles of Employment in Public Sector

Commonly, in advanced countries, the wages of government officers are determined by the principle
of “equal pay” with worker of the private sector. In other words, the overall wage level of the public sector
must be balanced with that of the private sector. One reason behind the equal pay principle is the
perception of fairness from the viewpoint of nationals and citizens, though equal pay is also important for
ensuring efficiency in the labor market. In practice, however, the wage structure of the public sector has
often diverged from that of private sector. Usually, wages in the public sector are generally less dispersed
in major countries. Morikawa (2016) finds out that the wages in public sector are relative higher at the
lower end of the wage distribution and relative lower at the higher end in Japan.

Wages in the public sector tend to be higher at the lower end of the wage/skill distribution and lower at
the higher end of the distribution. If the wage level is excessive for some worker types in the public sector,
then in- efficient rationing is inevitable. In contrast, if the wage level of skilled workers is too low for some
worker types in the public sector, the government has difficulty in hiring people with the necessary skills,
which may negatively influence the quality of public services ( Borjas, 2002; Nickell and Quintini, 2002 ).

Because wages are an important incentive for workers, irrespective of their sector, appropriate public
sector wage levels and structures are essential to ensuring high-quality and efficient public services.
Several empirical studies have indicated that the wage levels of public sector employees ( Borjas, 2002;
Nickell and Quintini, 2002; Dal Bo et al., 2013 ) and politicians (Besley, 2004; Gagliarducci and Nannicini,
2013; Mocan and Altindag, 2013 ) affect the quality of workers and services in the public sector.

Similarly to other advanced countries, the wages of government officials in Japan are determined
by the principle of “equal pay” with those of the private sector. In other words, the overall wage level
of the public sector must be balanced with that of the private sector. One reason behind the equal pay
principle is the perception of fairness from the viewpoint of nationals and citizens, though equal pay is also
important for ensuring efficiency in the labor market. In practice, however, the wage structure of the public
sector has often diverged from that of private sector. As shown in the next section, wages in the public
sector are generally less dispersed in major countries. Wages in the public sector tend to be higher at the
lower end of the wage/skill distribution and lower at the higher end of the distribution. If the wage level is
excessive for some worker types in the public sector, then in- efficient rationing is inevitable. In contrast, if
the wage level of skilled workers is too low for some worker types in the public sector, the government has
difficulty in hiring people with the necessary skills, which may negatively influence the quality of public
services ( Borjas, 2002; Nickell and Quintini, 2002 ).

Some studies have recently adopted quantile regression techniques to examine wage gaps at various
points in the wage distribution ( Mueller, 1998; Lucifora and Meurs, 2006; Gittleman and Pierce, 2012;
Lewin et al., 2012 ). These studies generally found that wage premiums for public sector workers are
greater at the bottom of the wage distribution and lower, or even negative at the top of the wage
distribution.

In the literature, in China, the causes of income inequality have been verified by the development of
finance (see Hu and Liu (2010), Sun (2012), and Yang and Ma (2014)), by education promotion(see Zhang
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(2006), Chen et al. (2010), Yang et al. (2015)), and urbanization (see Cao et al. (2010), Sun and Wu
(2012), Lv (2016)). The income gaps among occupations have been found to be larger by Chen and Gao
(2012), and among cities by Deng (2011). Chen et al. (2010) studies the impact of earning inequality
among occupations on the income gap and finds out that the urban-rural income gap is caused by
occupational earning differences.

Unconditional Quantile Estimation

Denote T(F,) as the descriptive measure on a probability distribution functionF, . Since T(F,)

assigns a real number to each member of a class of functions, functions of functions, it is often referred to
as a statistical functional, or simply a functional. Firpo, et al (2009) defines the Recentered Influence
Function (RIF) as

RIF(y;T,R) =T(R)+[IF(;T.R ), M =TF)+IFyTR),
where IF(y; T,F,) denotes the Influence Function of the functional T(F,) evaluated at Y. Itis easy to
have

E[RIF(y; T,R)]=[RIF(; TR )dR () = [[T(R) + IF(v; T, R )1dR, () =T(F,).
This indicates that any magnitude of interest can be seen as an expectation. Besides, by the fact of
R () = [ Fy_ dFy (9,
T(R)=E{EIRIF(y;T.F)|X =x]},
the random variables X have been introduced through the law of iterative expectation.

Suppose F, changes marginally in the direction of G, . Assume FY‘X stays constant and let

a(T) be the vector of partial effects on T of moving each coordinate of X separately as a location
shift. Then (under some regularity)

o(T) :Id E[RIF(y;(‘jI;(,FY)|X =X]

Let q, bethe 7 thquantile of Y (unconditional), i.e., T(FY) =, and then the influence function is

dF, (X).

F(yiT.R) = =0

fY (qr)
RIF(:T,F)=T(F,)+IF(y:T,F)=q.+ =01

fY (qr)
The derivations of IF(y;T,F )and RIF(Y;T,F )of Q. canbe found in Huber and Ronchett (2009).

As 1y <q,]=1-[y>q.], (1) can be further rewritten as

-1 1

RIF(y;T,F,) =[q,+ ——]+

' f,@)  f(@,)

= C2,r + Cl,rl[y > qr]’

@)

Iy>aq,]

And then it is easy to have
RIF(Y,T.F)=c,, +¢, Ply>q,[X =X].
Thus, the unconditional partial effect is
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a(0) = jdE[R|F|X dFX(X)
dic, +cC, X =
e - Yae, 00
SRS TLELTY

X =X], for examples, linear probability
model, Logit model and nonparametric model, Firpo, et al (2009) suggests three estimations for (7).
However, Firpo, et al (2009) and Su, et al (2015) suggest the estimation of «(7) based on assuming a
Logit model for P[y >q_ |X = X] . This estimation is as follows.

A

By specifying a Logit model, given the estimated (

PLy,

exp(Xx; 7)
1+exp(x]y)’

X=x]=

the marginal effect of the ] th explanatory variable on P[y;

0PLy, > G (X =x1_ - expliy) y  exp(xi7) |
M rexp(xy)T 1+exp(X;y)

dx;

ij
Denote 7 as the MLE of the Logit model. Thus, the expectation

d{ X =x]}
| = dF, (x)
could be approximated by the sample mean of the estimated marginal effects
an XX 7) gy SXPXIT)

/il 1+exp(x; 7) 1+exp(x; 7)

Then, the j th elementin a(z) can be estimated by
ex X ex X
f ( ) n 1+ exp(x; ) 1+ exp(x; 7)

This method is called the RIF-LOGIT estimation.

Empirical Studies

The empirical data used in this paper is from China Health and Nutrition Survey (CHINS) from 1989 to
2011. Since it has been well demonstrated that the wage gap between the public and non- public sectors
before 2000 is large resulting from the significant differences of non-money benefit in wage including the
subsidies of residence, medical care, etc. The differences of non-money benefit in wage have been
reduced after 2000. To get rid of the influences of financial crises in 2008, the sample after 2000 is split
into two periods: 2000 to 2006 and 2009 to 2011. There are 3024, 4293, and 4759 observations in each of
the sample periods, 1989 to 1997, 2000 to 2006, and 2009 to 2011, respectively.

The classification of employments in public and non-public sectors in China has been arguable in
literature, typically on the employments of the state-own firms. Chang (2012) and Jiang et al (2012)
classify the employments of the state-own firms into public but In and Gan (2009) and Jiang and Qian
(2012) into the non-public sector on the other hand. The four surveys of CHNS in the years after 2000
defined the public sector including government offices, state-own firms and research institutes, state-own
enterprises. Following CHNS’s definition after 2000, we take the state-own enterprises as in public sector.
Based on the definition of employment in public and non-public sectors, there are 66.35 of sampled
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individuals are working in the public sector in the sample periods 1989 to 1997, 2000 to 2006, and 2009 to
2011, respectively. It is obvious that the proportion of public employment in China is getting decrease as
the development of economy. This is also known as the “privatization” of China’s economy.

Table 1. Sample Averages of Variables

Years 1989-1997 2000-2006 2009-2011

Inincome 4.5380 6.4171 7.2082
Public 0.6635 0.3823 0.3646
Sex 0.6019 0.6026 0.5793
HighEdu 0.0728 0.0948 0.2112
Rural 0.4048 0.5707 0.5257
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The salary system of employed workers in China is monthly based. There are two sources of
income for employees from employers. The first is the monthly-based incomes including month salary,
subsidies for housing fund, supplementary food, medical care, books and newspapers, and etc. And,
the second is the annual-based incomes including the year-end bonus which is not productivity base,
performance bonus, and children’s educations. The averaged monthly income we considered is
calculated as the sum of monthly-based incomes plus the annual-based incomes divided by 12. Since
the averaged monthly income is obtained monthly, we define it as the “wage income”, the dependent
variable considered in this paper is the wage income taken in natural logarithm and denoted as
In(wage income).

The summary statistics of the wage income for our sample years are provided in Table 1. The
means of wage income in both public and non-public sectors increase annually, however at different
growth rates. It is obvious that means of the wage income in public sector are lower than the ones in
non-public sector in years before 2000. On the contrary, the means of averaged monthly wages in
public sector become higher in years after 2000. From Fig. 4, the distributions of wage incomes in
both public and non-public sectors are skewed to the right at earlier years, 1989 — 1997, and the
become less and less skewed later on. The mean of wage incomes in public is similar to the mean in
non-public sectors for years 1989 — 1997, and becomes greater in years 2000 — 2006 and 2209 — 2011.
In addition, the dispersions of the distribution of wage incomes in public sector are smaller than the
ones in non-public sector for all years.

Table 2. Summaries of Averaged Monthly Incomes for Year

year sector mean 10 % 25 % 50 % 5 % 90 %
1989 Public 49211  29.801 36.126 44.235 55.390 70.181
Non-public 57526  26.632 33.739 43.426 59.191 90.762
1991 Public 70.458  44.401 53.081 65.100 82.627  101.823
Non-public 75.724  38.392 50.077 65.100 85.381  119.683
1993 Public 115.841  60.511 76.212  100.086  138.468  179.053
Non-public ~ 141.637  56.654 80.161  117.900 176.462  247.920
1997 Public 508.944 249.296  343.113  472.402  633.185  820.488
Non-public  546.963 251.948  356.374  460.800 638.157  861.927
2000 Public 699.723 285.617  391.295 575994  817.182 1047.262
Non-public ~ 603.869 269.749  371.302 476.028  666.440  952.057
2004 Public 1032.995 428.426  647.399  920.322 1190.071 1618.496
Non-public ~ 809.897 285.617  437.946  618.837  952.057 1332.879
2006 Public 1293.224 522.128  783.191 1074.969 1443.529 1904.230
Non-public  1019.229 368.561  506.771  737.121  982.828 1766.020
2009 Public 1718.435 668.856 1003.284 1532.794 2020.502 2619.685
Non-public  1383.466 501.642 668.856  919.677 1337.712 2090.174
2011 Public 2372.610 844.684 1366.852 1919.736 2623.640 3839.472

Non-public  1795.626 652.710  921.473 1324.618 1919.736 3071.578

Empirical Marginal Effects on Unconditional Distribution of Averaged Monthly Income
The regression model considered in this paper is

Inincome = B, + B, Public+ B,Sex + [, HighEdu + S Exper

+ B Exper? + [3, Rural + error.

For comparisons, the mean regression estimated by OLS and the unconditional quantile regressions at
guantiles 0.1, 0.25, 0.5, 0.75, and 0.9 are considered. Robust standard errors for OLS estimations and
bootstrapped standard errors (1000 replications) for RIF-LOGIT estimations are used for computing
the t-values which are in parentheses. These estimations are conducted with R-3.2.5. The package “ks”
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is used to estimate the density function and package “boot” is to do the bootstrapping. The R codes
and empirical data are available from authors upon request The empirical estimated results from the
first sample period from 1989 to 1997 are shown in Table 3. All estimated coefficients from the OLS
regression are significant at 5 %. The coefficient of “Public” is -0.036 with t-value -2.810 and indicates
the marginal effect of “Public” is negative on the conditional and unconditional mean of salary income.
This indicates that expansion of employment in public sector decreases the conditional and
unconditional mean of salary income at the time from 1989 to 1997. However, the marginal effects of
“Public” on the unconditional income distribution at 10 %, 50 %, and 75 % quantiles are significant at 5 %
level but are not significant at 25 % and 90 % quantiles. The marginal effects are different in values at
guantiles. For examples, the marginal effect is 0.069 which is significantly positive at quantile 10 % but
is -0.211 which is significantly negative at quantile 75 %.

Table 3. Estimation Results from OLS and Unconditional Quantile Regressions

oLS 10 % 25 % 50 % 75 % 90 %

1989-1997
Public -0.036  0.069 0022 -0.050 -0211  0.067
(-2.810)  (3.409) (1.266) (-2.461) (-5.778) (1.729)
Sex 0.127 0074 0098 0128 0211  0.090

(11.089) (4.303) (6.490) (7.353) (5.975) (2.703)
HighEduc  0.152 0355 0166  0.177 0035  0.274
(6.925) (4.698) (5.255) (6.183) (0.536) (4.577)

Exper 0.020 0.016 0.019 0.019 0.031 0.008
(9.261)  (4.235) (6.108)  (5.740)  (4.225)  (1.035)
Exper? -0.022  -0005  -0.011  -0.014  -0.059  -0.002
(-4.468) (-0.578) (-1.518) (-1.978) (-3.716) (-0.115)
Rural -0.092  -0.084  -0079  -0.087  -0.146  -0.071

(-7.942) (-4.678) (-5.037) (-5.052) (-4.179) (-2.171)

Note: t-values are in parentheses.

For the sample period from 2000 to 2006, the estimated coefficient of “Public’ from OLS is 0.168
with t-value 8.143 which is significant statistically. This result is oppositely different from the one for the
sample period from 1989 to 1997. The marginal effect of “Public” on the conditional and unconditional
means of wage income becomes significantly positive which implies that an expansion of employment
in public sector increases the means of wage income. In addition, the marginal effect of “Public” on the
unconditional income distribution at 10 % (0.184), 25 % (0.176), 50 % (0.254), 75 % (0.140) and 90 %
(0.027) quantiles are all positive and significant at 5 % level. These results indicate that an expansion
of employment in public sector make the conditional and unconditional means larger and moves the
unconditional income distribution to the right.

Table 4. Estimation Results from OLS and Unconditional Quantile Regressions

OLS 10 % 25% 50 % 75 % 90 %

2000-2006
Public 0.168 0.184 0.176 0.254 0.140 0.027
(8.143)  (5.657)  (6.653) (10.364) (6.029) (0.559)
Sex 0.259 0.205 0.266 0.274 0.203 0.306
(13.608) (7.067) (11.528) (11.567) (8.355) (6.219)
HighEduc 0.306 0.280 0.230 0.327 0.300 0.424
(9.100)  (3.156) (4.397) (7.460) (9.372) (6.828)
Exper 0.019 0.017 0.015 0.021 0.020 0.033
(5.717)  (3.556)  (3.480) (4.856) (4.727) (4.066)
Exper? -0.050 -0.050 -0.046 -0.054 -0.042 -0.071
(-6.535) (-4.529) (-4.715) (-5.528) (-4.630) (-3.889)
Rural -0.113 -0.117 -0.070 -0.098 -0.093 -0.148
(-5.825)  (-3.79)  (-3.130) (-4.389) (-4.413) (-3.689)
Note: t-values are in parentheses.
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As for the sample period from 2009 to 2011, the estimated coefficients of OLS (0.134) and the
marginal effects of “Public” on the unconditional income distribution at 10 % (0.112), 25 % (0.257), 50 %
(0.267), and 75 % (0.143) quantiles are all positive and significant at 5 % level. However the estimated
coefficient at quantile 90 % is -0.047 which is insignificant at 5 % level. These results also indicate that
an expansion of employment in public sector make the conditional and unconditional means larger and
moves the unconditional income distribution to the right. It is clear that know that the marginal effects of
an expansion of the employment in public sector are more and more significantly positive on the
unconditional income distribution.

Table 5. Estimation Results from OLS and Unconditional Quantile Regressions (continued)

oLS 10 % 25 % 50 % 75 % 90 %
2009-2011

Public 0.134 0.112 0.257 0.267 0143  -0.047
(6.926)  (3.259)  (9.689) (10.693) (4.476) (-1.207)

Sex 0.310 0.345 0.294 0.323 0.304 0.242
(17.825) (10.900) (12.643) (13.531) (10.750) (6.063)

HighEduc  0.430 0.365 0.437 0.458 0.464 0.555
(17.280) (4.879) (9.518) (13.021) (13.512) (11.090)

Exper 0.019 0.009 0.008 0.021 0.027 0.033
(5.847)  (1.620) (2.074) (5.199) (5.674)  (4.783)

Exper?  -0.047  -0.037  -0.030  -0.049  -0.057  -0.064
(-7.061) (-3.413) (-3.609) (-5.741) (-5.623) (-4.259)

Rural -0.093  -0029 0026  -0078  -0.176  -0.184
(-5.323) (-1.050) (1.295) (-3.617) (-6.764) (-4.946)

Note: t-values are in parentheses.

Marginal Effect of an Employment Expansion in Public Sector on Unconditional
Income Distribution

To explore the marginal effects of “Public” more detail, we compare the estimated density
functions of the wage income "before” and “after” a unit change of “Public” variable. Denote d,

as the 7 th sample quantile and O?T (Public) as the estimated marginal effect of factor “Public”
on the 7 quantile of unconditional wage income at quantile 7 . Consider 7 = 0.01 to 0.99 at an
increment 0.01, there are 99 @Tand d,+0?r (Public) calculated. Using the kernel smoothing

density estimator, the density estimations with C]Tand with C|T+0?T (Public) are the estimated

density functions of “before” and “after”, respectively. The estimated density function of “before” is
nothing but the estimated sample quantile of unconditional wage income. The estimated density
function of “after” is the estimated sample quantile of unconditional wage income after an
expansion of the employment in public sector. The estimated “before” (denoted as solid line) and
“after” (denoted as dotted line) density functions using the empirical data from 1989-1997, from
2000-2006, and from 2009-2011 are represented as figures in panels (a), (b), and (c) of Figure 1,
respectively.

(a) 1989 to 1997 (b) 2000 to 2006

(c) 2009 to 2011
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Figure 1: Marginal Effect of “Public’ on Unconditional Averaged Monthly Income

For the first sample period from 1989 to 1997, the estimated “before” density function (solid line in
panel (a) of Figure 1) has the mean at 4.534 and has a shape with two modes around 4.1 and 6.2. The
estimated “after” density function (dotted line) has the mean at 4.5 and also has a shape with two
modes around 4.1 and 6.3. It is clear that the mean of estimated “before” density functions is mild
smaller than the one of estimated “after” density functions. This finding is consistent with the negative
estimated coefficient of “Public” from the OLS which is -0.036. And, the first modes of these two
estimated density functions are similar and the second mode of “after” is mild larger than the one of
“before”. In addition, it is found that the estimated “after’ densities are higher than the ones of “before”
around the first mode, but on the contrary, the “after” densities are smaller than the “before” ones for
the other levels of wage income. These results conclude that an expansion of public employment
decreases the mean level and the dispersion of wage income. This implies that the expansion of
employment in public sector not only decreases the mean level but also reduces the inequality of wage
income.

Rather than two modes for the two density functions from sample period from 1989 to 1997, there
is only one mode for each density functions estimated from sample period from 2000 to 2006 which are
shown as the figures of panel (b) in Figure 1. The estimated density function of “before” (denoted as
solid line) is in a bell shape symmetric at the mean 6.414 and the one of “after” (denoted as dotted line)
is skewed to the left with the mean 6.586. This finding can be verified with the positive OLS coefficient
of “Public” which is 0.168 and statistically significant as shown in Table 3. This result implies that the
mean level of wage income is increased as an expansion of the employment in public sector. Since the
“after” density function becomes skewed to the left, an expansion of public employment has significant
improvement of wage incomes. In addition, it is obvious that the dispersion of the “after” density
function is moderate smaller than the one of “before” density function. This result indicates that an
expansion of employment in public sector will reduce the dispersion of the distribution of wage income.
To a summary, an expansion of employment in public sector not only moves the distribution of the
wage income to the right but also reduces the inequality of wage income.

The “before” and “after” density functions estimated from the sample period from 2009 to 2011 are
presented in the panel (c) in Figure 1. Similar to the ones estimated from sample period 2000 to 2006,
there is one mode for each density functions. In addition, the estimated density function of “before”
(denoted as solid line) is in a bell shape symmetric at the mean and the one of “after” (denoted as
dotted line) is skewed to the left. The mean of the “after” density function is 7.345 which is larger than
the one of “before” density function, 7.205. This finding is consistent with the positive OLS coefficient of
“Public” which is 0.134 and statistically significant as shown in Table 4. This result also implies that the
mean level of wage income is increased as an expansion of the employment in public sector. Since the
“after” density function is also skewed to the left, an expansion of public employment also has
significant improvement of wage incomes. In addition, it is obvious that the dispersion of the “after”
density function is moderate smaller than the one of “before” density function. This result indicates that
an expansion of employment in public sector will reduce the dispersion of the distribution of wage
income. To a summary, an expansion of employment in public sector not only moves the distribution of
the wage income to the right but also reduces the inequality of wage income. It worths of noticing that
an expansion of employment in public sector improves the inequality of wage income more and more
from the second sample period (2000 to 2006) to the third (2009 to 2011).

To a summary, the marginal effect of an expansion of employment in public sector on the mean of
wage income is significantly negative on the sample period from 1989 to 1997 and becomes
significantly positive on the sample periods from 2000 to 2006 and from 2009 to 2011. However, the
positive marginal effect on sample period from 2006 to 2006 is larger than the one on sample period
from 2009 to 2011. For the sample periods from 2000 to 2006 and 2009 to 2011, an expansion of
employment in public sector have the following effects on the unconditional distribution of wage
income:

1l.an expansion of employment in public sector increases the mean level of the unconditional
distribution of wage income;

2.an expansion of employment in public sector decreases the dispersion of the unconditional
distribution of wage income;

3.an expansion of employment in public sector makes the unconditional distribution of wage
income from symmetric to skewed to the left.
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Conclusions and Suggestions

This paper investigates the marginal effect of an expansion of employment in public sector on the
unconditional distribution of logarithm of wage income in China. The unconditional quantile estimation
of Firpo et al. (2009) is implemented. The empirical data used in this paper is from China Health and
Nutrition Survey (CHINS) in 1989 to 2011. To grid of the effects of the possible structural changes
caused by the Asia financial crisis on 1997 and the subprime financial crisis on 2008 on our empirical
results, the whole sample is split into three sample periods, from 1989 to 1997, from 2000 to 2006, and
from 2009 to 2011.

Our empirical studies suggest the following findings:

1. The marginal effect of “Public” on the mean level of wage income is significantly negative

originally for the first sample period 1989 to 1997 and then becomes significantly positive
later for sample periods 2000 to 2006 and 2009 to 201 1.

2. For the sample periods from 2000 to 2006 and from 2009 to 2011, an expansion of
employment in public sector decreases the dispersion of the unconditional distribution of
wage income. That is the inequality of income could be improved by an expansion of
employment in public sector.

3. An expansion of employment in public sector in the sample periods from 2000 to 2006 and
from 2009 to 2011 makes the unconditional distribution of wage income from symmetric to
skewed to the left.

4. Above marginal effects of an expansion of employment in public sector on the unconditional
distribution of wage income are larger in sample period from 2006 to 2008 than the ones in
sample period from 2009 to 2011.

Given these finding and without considering the inefficiency of state-owned firms, an expansion of

employment in public sector could be a good political strategy for China to improve the income
inequality.
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