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Abstract
This paper reexamines the profitability of loser, winner and contrarian portfolios in the Chi-

nese stock market using monthly data of all stocks traded on the Shanghai Stock Exchange

and Shenzhen Stock Exchange covering the period from January 1997 to December 2012.

We find evidence of short-term and long-term contrarian profitability in the whole sample

period when the estimation and holding horizons are 1 month or longer than 12 months and

the annualized return of contrarian portfolios increases with the estimation and holding hori-

zons. We perform subperiod analysis and find that the long-term contrarian effect is signifi-

cant in both bullish and bearish states, while the short-term contrarian effect disappears in

bullish states. We compare the performance of contrarian portfolios based on different

grouping manners in the estimation period and unveil that decile grouping outperforms quin-

tile grouping and tertile grouping, which is more evident and robust in the long run. Gener-

ally, loser portfolios and winner portfolios have positive returns and loser portfolios perform

much better than winner portfolios. Both loser and winner portfolios in bullish states perform

better than those in the whole sample period. In contrast, loser and winner portfolios have

smaller returns in bearish states, in which loser portfolio returns are significant only in the

long term and winner portfolio returns become insignificant. These results are robust to the

one-month skipping between the estimation and holding periods and for the two stock

exchanges. Our findings show that the Chinese stock market is not efficient in the weak

form. These findings also have obvious practical implications for financial practitioners.

Introduction
The Efficient Markets Hypothesis is a cornerstone of modern finance [1, 2]. However, there is
accumulating evidence for the presence of market anomalies, such as the momentum effect
and the contrarian effect. The momentum effect describes the empirically observed tendency
for rising asset prices to rise further and falling prices to keep falling, while the contrarian effect
describes the price reversal phenomenon stating that stocks that perform the best (worst) in
the past tend to reverse to perform well (poorly) over the subsequent periods. The momentum
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and contrarian effects have attracted wide attention in the academic community and in the
financial industry as well in the past two decades.

Jegadeesh and Iitman conduct the first research on the momentum effect [3]. By setting 16
combinations of different estimation and holding horizons, investors would get abnormal
returns in the holding period through purchasing the best performing stock (winner) portfolio
and selling the worst performing stock (loser) portfolio in the estimation period. They find that
15 out of the 16 arbitrage portfolios yield statistically significant returns in the next 3 to 12
months, which also confirms the existence of the intermediate-term momentum effect. The
research on the contrarian effect was initially conducted in Ref. [4]. They use monthly data of
hundreds of individual stocks listed on the New York Stock Exchange from 1926 to 1982, and
construct the winner portfolio of 35 best performed stocks in the past 3 years and the loser
portfolio of 35 worst performed stocks in the past 3 years. They find empirical evidence that in
the next three years, the loser portfolio performs better than the winner portfolio with a 25%
higher average cumulative return, which indicates the existence of a long-term contrarian
effect.

Early investigations of momentum and contrarian effects focused on the US market. These
two anomalies have also been found in other markets later. Rouwenhorst investigates 12 Euro-
pean stock markets from 1980 to 1995 and reports that the winner portfolio results in an aver-
age monthly return 1% higher than the loser portfolio [5]. Chan et al. [6] and Chou et al. [7]
find the short-horizon contrarian effect in the Japanese market. Baytas and Cakici report the
presence of a long-term contrarian effect in seven non-US markets [8]. Hameed and Ting find
the price reversal in the Malaysian market [9]. Kang et al. reveal that there was a short-term
contrarian effect and an intermediate-term momentum effect in the Chinese market [10].
Naughton et al. also find the momentum effect in China [11]. Additionally, the momentum
and contrarian effects have been discovered in the markets of different financial products.
Grinblatt et al. utilize the data of 155 mutual fund companies from 1975 to 1984 and find that
about 77% mutual funds that applied momentum strategy gained statistically significant higher
returns than the rest [12]. Asness et al. investigate the correlation between the value and
momentum effects in international markets, and discover a universal momentum effect in dif-
ferent regions and different asset classes [13]. The research in Ref. [14] draws similar
conclusions.

The original momentum and contrarian effects were based on cross-sectional prices or
returns of assets, also called “price momentum” [3, 7, 10]. More and more kinds of momentum
or contrarian effects were explored in a body of further studies about market anomalies, which
in turn partially explained the presence of momentum and contrarian effects. On the basis of
price momentum, various factors containing firm-specific information were taken into consid-
eration. Investors can construct zero-cost arbitrage portfolios in terms of more information
and get higher profits. These factors include firm capitalization [3, 5], stock price [15, 16],
book-to-market ratio [17], trading volume [11, 18], and so on. Moreover, the assets could be
divided into portfolios with different styles according to these firm-specific information factors
and the momentum or contrarian effect about style portfolio (style investing) also attracted
wide attention as well [19, 20]. Studies on specific industrial sectors unveil that the momentum
and contrarian effects can obtain much more profits in industrial sectors [21, 22]. Note that the
results about the momentum and contrarian effects vary with changing market states [23] and
seasonality [24]. There are also studies on individual stocks and stock market indexes [25],
which is beyond the scope of this work.

With the increasing importance of China in the world economy, more and more related
researches have been carried out on the Chinese stock market. It has been shown that the Chi-
nese stock market and the US stock market are uncorrelated [26] and even negatively
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correlated in some periods [10]. In early 1990s, two stock exchanges, the Shanghai Stock
Exchange (SHSE) and the Shenzhen Stock Exchange (SZSE), were established in China. Com-
pared with other mature financial markets, the data size of the Chinese market is relatively
smaller, which may lead to imprecise results. The trading mechanisms of the Chinese market
differ from other markets and keep self-improving. In the Chinese market, the majority of
investors are retail investors, causing larger irrational and speculative behaviors. These situa-
tions may contribute differently to some anomaly phenomena. It is not surprising that studies
about the momentum and contrarian effects in the Chinese stock market report mixed results.
The conclusions of momentum and contrarian effects are often associated with the length of
the estimation and holding periods and the sample periods under investigation. In general, the
horizons can be divided into short term (3 months or less), intermediate term (3 to 12 months)
and long term (more than 12 months).

Most studies report that there is a long-term contrarian effect in the Chinese stock market.
Using monthly data of 53 individual stocks listed on the SHSE and the SZSE from January
1993 to December 2000, Wang and Zhao discover a statistically significant contrarian effect
with the estimation period ranging from 1 to 3 years and the holding period from 1 to 5 years
[27]. Li and Li investigate A-shares on the SHSE and the SZSE from January 1996 to December
2002 and reveal that the market exhibits a contrarian effect in horizons more than 1 year [28].
Using monthly data of A-shares traded on the SHSE and the SZSE from January 1995 to
December 2002, Luo and Wang also draw the similar conclusion [29]. Similar results can be
found in later studies [30–37].

In the short term and intermediate term, the conclusions are mixed. For example, Kang
et al. use the data of individual stocks from 1993 to 2000 and find the existence of a short-term
(1, 2, 4, 8, and 12 weeks) contrarian effect and a statistically significant momentum effect in the
intermediate term (12, 16, 20, and 26 weeks) [10]. Based on A-share data in the SHSE and the
SZSE from January 1995 to December 2001, Zhu et al. verify the presence of a significant
momentum effect with both estimation and holding periods less than 4 weeks [38]. Zhu et al.
find a statistically significant contrarian effect with the estimation and holding periods less
than 5 days [39]. Liu and Qin use monthly data of constituent stocks of the SHSE 180 Index
from July 2002 to September 2005 and report the presence of a momentum effect with the hori-
zons less than 12 months [40]. Pan et al. find the existence of a momentum effect in weekly
returns and a contrarian effect in monthly returns [37, 41]. There are also studies finding no
significant momentum or contrarian effects in the short term or in the intermediate term [27,
31, 35].

The different conclusions in the above-mentioned studies can be attributed to the following
factors. (1) Different data samples. Some studies use part of the individual stocks listed on the
SHSE and the SZSE [27], while others use data of all A-shares [34, 35, 38]. (2) Different sample
periods. For example, Wang and Zhao [27] and Kang et al. [10] use the sample period from
1993 to 2000, Zhu et al. [39] study the period from 1996 to 2001, Lu and Zou [34] investigate
the period from 1998 to 2005, and Naughton et al. [11] consider the period from 1995 to 2005.
(3) Different sampling frequencies. Some researchers use monthly data [3, 11], while some oth-
ers adopt daily and weekly data [10, 38, 39, 41]. (4) Other factors. It is found that the bid-ask
spread, non-synchronous trading as well as the lack of liquidity would enlarge the momentum
and contrarian effects [42–44]. To avoid these, the common approach is to skip certain time
intervals between the estimation period and the holding period [3, 38]. Studies that do not
adopt this interval-skipping approach may lead to different results [27, 34].

With more data available, it is worth to re-examine the contrarian and momentum effects
in the Chinese stock market. We use monthly return data of all A-shares listed on the SHSE
and the SZSE from January 1997 to December 2012 to construct the winner and loser
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portfolios, forming zero-cost arbitrage portfolios. In the estimation period for stock ranking,
one needs to determine the number of stock groups. Different studies on the momentum and
contrarian effects have adopted different grouping ways, including decile grouping, quintile
grouping and tertile grouping [3, 10, 13, 27, 41]. For various markets, different grouping ways
may lead to significantly different results. This paper will take into account these three group-
ing ways for comparison. Most of the previous studies about the Chinese market take the A-
share market as a whole. Since the features of A-shares listed on these two stock exchanges are
not similar, we investigate the momentum and contrarian effects in the SHSE and the SZSE
independently. For instance, the A-share stocks listed on the SHSE generally have higher mar-
ket capitalization compared with those in the SZSE. However, empirical analysis in this study
fails to verify any significant differences between the results of the two exchanges.

Materials and Methods

Data
There are two stock exchanges—Shanghai Stock Exchange (SHSE) and Shenzhen Stock
Exchange (SZSE)—in mainland China, and the Chinese stock market contains an A-share
market and a B-share market. Most stocks are traded only in the A-share market, while a small
proportion of stocks are traded in both markets. At the end of 2012, there are 944 A-share
stocks and 54 B-share stocks in the SHSE and 1528 A-share stocks and 53 B-share stocks in the
SZSE (Table 1). Different from A-share stocks, B-shares were not accessible to domestic inves-
tors until February 2001, and the B-share stock market has lower liquidity and market value.
As described in Table 1, by the end of 2012, the B-share stocks accounted for 5.41% and 3.35%
in the SHSE and the SZSE, the market value of B-share stocks only accounted for 0.5% and
1.11% in the SHSE and the SZSE, the trading value of B-share stocks took up 0.25% in the
SHSE and 0.30% in the SZSE, and the A-share market had larger number of investors and
higher turnover rate. Therefore, our analysis is carried out upon the Chinese A-share stock
market, which can be representative of the Chinese domestic investment environment. Because
the average market capitalizations of SHSE stocks (16.73 billion CNY per stock) and SZSE
stocks (4.64 billion CNY per stock) are significantly different, we shall investigate separately
the A-share stocks in the two exchanges for comparison.

We use monthly data of all A-share stocks listed on the SHSE and the SZSE retrieved from
the RESSET database (http://www.resset.cn). The data mainly contain the monthly adjusted
returns of individual stocks, covering the period from January 1991 to December 2012. Very
often, stock price jumps occur during the IPO month, which is attributed to the price determi-
nation of China Securities Regulatory Commission (CSRC), and it results in abnormal first-
month returns for individual stocks. Therefore, the first-month return data of individual stocks
are excluded from our analysis. During the early years after the establishment of the two
exchanges, only a few stocks were available to investors, as shown in Fig 1. There were less than
200 stocks listed on each exchange by the end of 1995 and the number of stocks increased

Table 1. Basic information about Chinese stock market by the end of 2012. The data are retrieved from the annual reports released by the SHSE and the
SZSE

No. of listed stocks Market cap (B) Trading value (B) No. of investors (M) Turnover rate

A-share B-share A-share B-share A-share B-share A-share B-share A-share B-share

SHSE 944 54 15791.27 78.58 16404.74 41.35 88.42 1.55 101.9% 57.5%

SZSE 1528 53 7086.27 79.65 14966.78 45.47 / / / /

doi:10.1371/journal.pone.0137892.t001
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steadily. The mature price limit trading rules became effective since December 1996, requiring
that the maximum daily price fluctuation with respect to the last closing price is ±10% for com-
mon stocks. Although there were also other price limit trading rules in the Chinese stock mar-
ket for some periods before then, the implementation time periods were short. Combining
these factors, we exclude the data before 1997 and consider the period from January 1997 to
December 2012 in the empirical analysis.

Method
Like most studies about the cross-sectional momentum or contrarian effect [11, 41], we follow
the procedure proposed by [3] to construct J−K portfolios. For a given “current”month t = 0,
all the stocks are sorted according to their returns in the past Jmonths from t = −J to t = 0 (Fig
2). We divide the stocks into several groups. For comparison, decile grouping, quintile group-
ing and tertile grouping are adopted. The group of stocks with the worst performance in the
estimation is called loser portfolio LOS(J,K) and the group with best performance is called win-
ner portfolio WIN(J,K). One then adopts the contrarian strategy by buying the loser portfolio

Fig 1. The evolution of stock amounts on the SHSE and the SZSE.

doi:10.1371/journal.pone.0137892.g001

Fig 2. The estimation and holding periods. The estimation period is Jmonths and the holding period is K
months.

doi:10.1371/journal.pone.0137892.g002
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and selling the winner portfolio. The contrarian portfolio CON(J,K) is held for Kmonths. We
examine the equal-weighted average returns per annum of the loser portfolio, the winner port-
folio, and the contrarian portfolio during the holding period, denoted by LJ,K,WJ,K and CJ,K

respectively. The contrarian effect is verified if the time series of returns for contrarian portfo-
lios turn out to be statistically positive. Conversely, there would be the momentum effect.

Empirical results

The case of identical estimation and holding horizons (J = K)
We study the performance of the three portfolios in the whole period (1997–2012) with same
estimation period and holding period for the three ranking groupings. The periods range from
one month to four years: J = K 2 {J,Kj1,6,12,18,24,30,36,42,48}. Table 2 reports the equal-

Table 2. The annualized returns of the loser, winner, and contrarian portfolios formed based on decile grouping with J = K for the whole sample
period 1997–2012.

1 6 12 18 24 30 36 42 48

Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat

Panel A: SHSE

Panel A1: Decile grouping

LOS 0.213 2.22* 0.187 1.90 0.225 2.25* 0.272 2.64** 0.302 3.17** 0.328 3.83** 0.328 4.81** 0.350 5.25** 0.361 4.86**

WIN 0.086 0.88 0.175 1.92 0.185 2.03* 0.185 1.91 0.190 1.96 0.190 2.17* 0.172 2.45* 0.152 2.81** 0.146 3.03**

CON 0.128 3.41** 0.011 0.29 0.040 1.14 0.087 2.95** 0.112 3.92** 0.138 4.41** 0.156 4.64** 0.197 5.80** 0.215 5.18**

Panel A2: Quintile grouping

LOS 0.228 2.33* 0.194 1.95 0.241 2.40* 0.282 2.69** 0.304 3.03** 0.307 3.71** 0.303 4.68** 0.318 5.12** 0.324 4.85**

WIN 0.107 1.07 0.186 1.99* 0.190 2.09* 0.200 2.08* 0.199 2.14* 0.199 2.39* 0.177 2.69** 0.169 3.19** 0.171 3.40**

CON 0.120 3.58** 0.008 0.26 0.051 1.75 0.082 3.24** 0.106 4.43** 0.108 4.26** 0.126 4.49** 0.148 5.18** 0.153 4.87**

Panel A3: Tertile grouping

LOS 0.227 2.30* 0.203 2.04* 0.246 2.47* 0.281 2.73** 0.300 3.00** 0.301 3.65** 0.290 4.56** 0.297 5.05** 0.298 4.88**

WIN 0.126 1.24 0.193 2.03* 0.204 2.20* 0.219 2.25* 0.222 2.34* 0.215 2.63** 0.186 2.99** 0.179 3.43** 0.183 3.58**

CON 0.101 3.62** 0.010 0.41 0.042 1.82 0.061 3.02** 0.078 4.01** 0.086 4.28** 0.104 4.82** 0.118 5.54** 0.114 5.35**

Panel B: SZSE

Panel B1: Decile grouping

LOS 0.193 2.05* 0.175 1.81 0.245 2.53* 0.286 2.92** 0.347 3.05** 0.357 3.64** 0.338 4.51** 0.342 5.06** 0.344 4.72**

WIN 0.091 0.87 0.159 1.71 0.187 1.86 0.199 1.86 0.217 1.89 0.197 2.11* 0.177 2.56* 0.168 2.67** 0.157 2.88**

CON 0.102 2.54* 0.017 0.40 0.058 1.36 0.087 2.43* 0.131 3.35** 0.160 4.03** 0.160 4.05** 0.174 4.23** 0.187 5.18**

Panel B2: Quintile grouping

LOS 0.203 2.13* 0.189 1.90 0.250 2.52* 0.290 2.78** 0.321 2.93** 0.322 3.54** 0.308 4.42** 0.295 5.00** 0.308 4.68**

WIN 0.094 0.92 0.170 1.79 0.193 1.93 0.207 1.96 0.217 2.03* 0.208 2.33* 0.192 2.81** 0.180 2.99** 0.175 3.09**

CON 0.109 3.33** 0.020 0.61 0.057 1.77 0.083 2.97** 0.104 3.56** 0.114 3.80** 0.116 3.66** 0.115 3.44** 0.133 4.60**

Panel B3: Tertile grouping

LOS 0.207 2.12* 0.198 1.96 0.250 2.48* 0.281 2.67** 0.307 2.90** 0.302 3.51** 0.286 4.34** 0.275 4.89** 0.280 4.54**

WIN 0.110 1.06 0.172 1.82 0.202 2.05* 0.224 2.15* 0.230 2.23* 0.221 2.57* 0.200 3.02** 0.189 3.29** 0.186 3.34**

CON 0.097 3.71** 0.026 1.09 0.049 1.94 0.057 2.72** 0.077 3.32** 0.081 3.43** 0.086 3.17** 0.086 3.09** 0.094 4.12**

This table reports the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of the loser (LOS),

winner (WIN) and contrarian (CON) portfolios, which are formed based on J-month lagged returns and held for K months with J = K. The values of J and K

for different strategies are indicated in the first row. Panel A is for SHSE stocks and Panel B is for SZSE stocks. In ranking the J-month lagged returns,

decile grouping, quintile grouping and tertile grouping are adopted. The sample period is January 1997 to December 2012. The superscripts * and **

denote the significance at 5% and 1% levels, respectively.

doi:10.1371/journal.pone.0137892.t002
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weighted average annual returns for the loser, winner and contrarian portfolios by taking a
long position of each portfolio in the holding period. Comparing the two panels, we find that
the results are qualitatively similar with minor differences.

The returns of all the portfolios are positive. This finding is not surprising because the Chi-
nese market has an overall rise. The returns of the loser portfolios are larger than those of the
winner portfolios, indicating the presence of investor overreaction [4, 45, 46]. The performance
of the contrarian strategy is worse than the simple strategy of buying loser portfolio. The posi-
tive returns of winner portfolios indicate that the contrarian strategy profits mainly come from
the loser portfolio.

Nearly all the strategy portfolios could gain the statistically significant positive return when
the holding horizons are beyond about 18 months or equal to 1 month. When the horizon is 6
or 12 months, there is no significant evidence for the presence of the contrarian effect or the
momentum effect. The finding of long-term contrarian effect is consistent with most literature
about the Chinese stock market. The short-term contrarian effect may be due to no time gap
between the estimation and holding period, which could exaggerate the contrarian effect
because of some measurement errors. We will discuss further in the rest of the paper.

A close scrutiny unveils that the return CJ,K of contrarian portfolios decreases at first and
then rises up with the horizon J or K, which can be characterized as a U-shape relation. For
example, on the basis of decile grouping for SHSE stocks, the CON(1,1) portfolio produces an
annual return of 12.8%, the return of the CON(6,6) portfolio decreases to 1.1%, and the profit
of the contrarian portfolios keep rising to 19.7% for CON(48,48) with increasing horizon J. It is
worthy noting that [7] report a similar and more general U-shape relationship between the
returns and the horizons when investigating the contrarian effect in the Japanese market.

Table 2 also shows the impact of different grouping methods. The annualized return of loser
portfolios on both exchanges decreases with the number of groups from tertile to decile for
small J and increases for long horizons J. For the winner portfolios on both exchanges, the
annualized return is smaller when there are more groups. Combining these observations, the
trend of returns of the contrarian portfolios on short horizons is mixed; however, on long hori-
zons, the return increases with the number of groups.

The case of varying J and K
We now perform more comprehensive analysis with varying J and K for decile, quintile and
tertile groupings. The results of decile grouping are presented in Table 3 for SHSE stocks and
in Table 4 for SZSE stocks. The values of estimation horizons J and holding horizons K range
from one month to four years. Panels A, B and C report the results for loser portfolios, winner
portfolios, and contrarian portfolios, respectively. The results based on quintile grouping and
tertile grouping for the two exchanges are similar to the case of decile grouping and shown in
S1 Table for quintile grouping of SHSE stocks, S2 Table for quintile grouping of SZSE stocks,
S3 Table for tertile grouping of SHSE stocks, and S4 Table for tertile grouping of SZSE stocks.

According to Table 3 and Table 4, the most intriguing feature is that all annualized returns
are positive. Panel A illustrates that, for both exchanges, all the loser portfolios result in positive
returns across all estimation and holding horizons, and all the returns are statistically signifi-
cant at the 5% level except for a few portfolios at small horizons. The profits of winner portfo-
lios on both exchanges, as shown in panel B, are also positive for all combinations of J and K,
which suggests that the profits of contrarian portfolios are mainly contributed by the loser
portfolios. The significance of results for winner portfolios differ by the holding horizons K.
No returns of the winner portfolios are significant at the 5% level when K� 6, while all returns
are significantly positive when K� 30. The contrarian portfolios are formed by selling the
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winner portfolios and buying the loser portfolios. Panel C shows that all the contrarian portfo-
lios yield positive returns, which implies the absence of the momentum effect on both
exchanges during the whole sample period. All the returns are significantly positive when the
holding horizon K = 1, except for CON(12,1) on the SHSE, which indicates the presence of the
short-term contrarian effect, consistent with the most previous literatures such as [10] and [34]
on shorter sample periods. When the estimation horizon J is larger than one year, most returns
are significantly positive despite of the holding periods, suggesting the presence of both short-
term and long-term contrarian effects, which is again consistent with other works such as [27,
28, 47], and [35] for shorter sample periods.

Table 3. The annualized returns of the loser, winner, and contrarian portfolios on the SHSE formed based on decile grouping with varying J andK
for the whole sample period 1997–2012.

K = 1 6 12 18 24 30 36 42 48

J Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat

Panel A: Loser portfolio

1 0.213 2.22* 0.204 2.02* 0.225 2.29* 0.245 2.48* 0.258 2.62* 0.261 3.10** 0.245 3.74** 0.246 4.17** 0.249 4.06**

6 0.237 2.18* 0.187 1.90 0.220 2.20* 0.241 2.39* 0.257 2.64** 0.257 3.16** 0.244 3.83** 0.248 4.26** 0.252 4.16**

12 0.221 2.05* 0.194 1.91 0.225 2.25* 0.253 2.46* 0.267 2.81** 0.274 3.43** 0.271 4.07** 0.270 4.38** 0.278 4.25**

18 0.248 2.27* 0.206 1.99* 0.247 2.39* 0.272 2.64** 0.280 2.99** 0.286 3.57** 0.279 4.20** 0.285 4.57** 0.293 4.42**

24 0.249 2.26* 0.226 2.19* 0.268 2.63* 0.292 2.87** 0.302 3.17** 0.303 3.70** 0.295 4.42** 0.299 4.86** 0.310 4.62**

30 0.278 2.54* 0.263 2.51* 0.291 2.86** 0.314 3.05** 0.323 3.24** 0.328 3.83** 0.315 4.64** 0.318 5.07** 0.331 4.75**

36 0.303 2.64** 0.277 2.62* 0.304 2.94** 0.326 3.05** 0.340 3.35** 0.339 3.99** 0.328 4.81** 0.335 5.18** 0.345 4.83**

42 0.301 2.75** 0.283 2.69** 0.313 3.01** 0.341 3.18** 0.351 3.44** 0.353 4.06** 0.343 4.86** 0.350 5.25** 0.357 4.90**

48 0.304 2.62* 0.291 2.65** 0.322 3.00** 0.345 3.15** 0.360 3.38** 0.362 3.99** 0.353 4.85** 0.353 5.26** 0.361 4.86**

Panel B: Winner portfolio

1 0.086 0.88 0.164 1.80 0.210 2.21* 0.231 2.32* 0.237 2.47* 0.237 2.86** 0.226 3.33** 0.229 3.83** 0.230 3.86**

6 0.113 1.20 0.175 1.92 0.192 2.13* 0.215 2.23* 0.219 2.32* 0.218 2.62* 0.214 3.00** 0.215 3.33** 0.212 3.53**

12 0.140 1.48 0.165 1.87 0.185 2.03* 0.201 2.07* 0.203 2.15* 0.209 2.43* 0.203 2.71** 0.197 3.03** 0.186 3.33**

18 0.118 1.23 0.147 1.66 0.169 1.87 0.185 1.91 0.193 2.02* 0.196 2.25* 0.187 2.49* 0.177 2.92** 0.172 3.12**

24 0.115 1.17 0.142 1.59 0.164 1.82 0.177 1.87 0.190 1.96 0.191 2.19* 0.177 2.49* 0.170 2.88** 0.167 3.05**

30 0.092 0.97 0.131 1.48 0.156 1.74 0.174 1.80 0.188 1.92 0.190 2.17* 0.175 2.45* 0.166 2.82** 0.159 2.96**

36 0.103 1.06 0.139 1.55 0.163 1.78 0.179 1.84 0.191 1.91 0.192 2.15* 0.172 2.45* 0.158 2.82** 0.148 2.89**

42 0.110 1.13 0.132 1.50 0.158 1.72 0.182 1.83 0.194 1.90 0.192 2.18* 0.167 2.47* 0.152 2.81** 0.143 2.90**

48 0.095 0.96 0.118 1.33 0.158 1.70 0.184 1.85 0.190 1.93 0.186 2.23* 0.170 2.58* 0.154 2.89** 0.146 3.03**

Panel C: Contrarian portfolio

1 0.128 3.41** 0.040 1.97 0.014 0.93 0.013 1.13 0.021 1.95 0.024 1.95 0.019 1.46 0.017 1.35 0.019 1.22

6 0.123 2.45* 0.011 0.29 0.028 0.94 0.026 1.17 0.038 1.73 0.039 1.77 0.030 1.13 0.033 1.20 0.040 1.43

12 0.081 1.56 0.029 0.67 0.040 1.14 0.052 1.88 0.064 2.50* 0.065 2.26* 0.068 2.13* 0.073 2.20* 0.091 3.03**

18 0.129 2.20* 0.058 1.21 0.077 2.04* 0.087 2.95** 0.087 3.18** 0.090 2.85** 0.092 2.68** 0.108 3.36** 0.121 3.85**

24 0.134 2.38* 0.084 1.96 0.104 2.90** 0.115 3.90** 0.112 3.92** 0.112 3.76** 0.117 3.43** 0.129 3.69** 0.143 4.24**

30 0.186 3.37** 0.132 2.98** 0.135 3.72** 0.140 4.87** 0.135 4.65** 0.138 4.41** 0.140 3.88** 0.152 4.30** 0.172 4.92**

36 0.200 3.28** 0.139 3.14** 0.141 4.12** 0.147 5.23** 0.150 5.00** 0.147 4.56** 0.156 4.64** 0.177 5.19** 0.198 5.48**

42 0.191 3.26** 0.151 3.36** 0.155 4.28** 0.160 5.45** 0.157 5.27** 0.161 5.33** 0.176 5.48** 0.197 5.80** 0.214 5.69**

48 0.209 3.29** 0.173 3.54** 0.164 4.43** 0.161 5.24** 0.170 5.76** 0.175 5.59** 0.183 5.29** 0.199 5.44** 0.215 5.18**

This table reports the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of the loser, winner

and contrarian portfolios, which are formed by ranking the stocks based on their J-month lagged returns, adopting the decile grouping, and holding for K

months. The values of J and K for different strategies are indicated in the first collum and the first row respectively. The sample period is January 1997 to

December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively.

doi:10.1371/journal.pone.0137892.t003
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Table 3 and Table 4 show that the average annualized returns depend on the values of J and
K. To better explore this dependence, we illustrate the contours of returns based on decile
grouping in Fig 3. We also show the results in S1 Fig for quintile grouping and in S2 Fig for ter-
tile grouping. The values of J and K are 1 month and multiples of 3 months up to 4 years. Simi-
lar results are obtained for quintile grouping and tertile grouping. The top panel is for the
SHSE stocks and the bottom panel is for the SZSE stocks. The corresponding contour patterns
are roughly similar for the same type of portfolio. However, different types of portfolio exhibit
very different contour patterns.

Table 4. The annualized returns of the loser, winner, and contrarian portfolios on the SZSE formed based on decile grouping with varying J andK
for the whole sample period 1997–2012.

K = 1 6 12 18 24 30 36 42 48

J Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat

Panel A: Loser portfolio

1 0.193 2.05* 0.183 1.81 0.202 2.08* 0.228 2.36* 0.240 2.56* 0.245 3.03** 0.229 3.55** 0.230 4.10** 0.228 3.97**

6 0.204 1.94 0.175 1.81 0.217 2.24* 0.235 2.48* 0.253 2.63** 0.267 3.05** 0.249 3.54** 0.247 4.10** 0.245 3.97**

12 0.264 2.22* 0.211 2.09* 0.245 2.53* 0.260 2.78** 0.294 2.87** 0.306 3.20** 0.286 3.78** 0.278 4.33** 0.281 4.17**

18 0.261 2.33* 0.232 2.24* 0.261 2.64** 0.286 2.92** 0.319 2.98** 0.329 3.41** 0.307 3.98** 0.297 4.52** 0.299 4.28**

24 0.284 2.49* 0.240 2.36* 0.267 2.76** 0.304 2.98** 0.347 3.05** 0.347 3.48** 0.320 4.15** 0.313 4.66** 0.313 4.29**

30 0.281 2.59* 0.265 2.56* 0.295 2.96** 0.327 3.16** 0.357 3.24** 0.357 3.64** 0.329 4.31** 0.320 4.79** 0.318 4.38**

36 0.300 2.71** 0.289 2.67** 0.317 2.96** 0.343 3.20** 0.365 3.30** 0.365 3.77** 0.338 4.51** 0.331 4.84** 0.335 4.54**

42 0.336 2.89** 0.310 2.72** 0.328 2.97** 0.349 3.22** 0.373 3.38** 0.369 3.84** 0.343 4.57** 0.342 5.06** 0.339 4.58**

48 0.325 2.83** 0.306 2.72** 0.319 2.95** 0.342 3.27** 0.369 3.41** 0.365 3.94** 0.352 4.82** 0.344 5.16** 0.344 4.72**

Panel B: Winner portfolio

1 0.091 0.87 0.157 1.68 0.195 2.05* 0.224 2.14* 0.232 2.37* 0.230 2.81** 0.213 3.35** 0.211 3.78** 0.215 3.70**

6 0.104 1.14 0.159 1.71 0.190 2.00* 0.221 2.06* 0.225 2.20* 0.214 2.53* 0.201 3.02** 0.209 3.33** 0.212 3.30**

12 0.141 1.44 0.158 1.65 0.187 1.86 0.208 1.95 0.210 2.09* 0.211 2.43* 0.202 2.84** 0.201 3.06** 0.201 3.15**

18 0.109 1.11 0.146 1.54 0.176 1.78 0.199 1.86 0.213 1.97 0.211 2.29* 0.195 2.64** 0.191 2.90** 0.189 3.04**

24 0.120 1.20 0.150 1.57 0.173 1.74 0.203 1.79 0.217 1.89 0.205 2.17* 0.183 2.48* 0.180 2.79** 0.181 2.90**

30 0.116 1.11 0.145 1.49 0.185 1.79 0.217 1.85 0.220 1.86 0.197 2.11* 0.174 2.47* 0.178 2.84** 0.182 2.89**

36 0.150 1.42 0.167 1.65 0.201 1.86 0.218 1.85 0.215 1.89 0.198 2.20* 0.177 2.56* 0.174 2.81** 0.173 2.84**

42 0.130 1.24 0.173 1.65 0.201 1.79 0.212 1.81 0.208 1.88 0.191 2.18* 0.170 2.44* 0.168 2.67** 0.165 2.85**

48 0.115 1.08 0.157 1.48 0.184 1.62 0.197 1.71 0.196 1.83 0.183 2.09* 0.163 2.31* 0.159 2.66** 0.157 2.88**

Panel C: Contrarian portfolio

1 0.102 2.54* 0.026 1.33 0.007 0.41 0.004 0.18 0.007 0.43 0.014 1.12 0.016 1.48 0.019 1.55 0.013 0.89

6 0.100 2.02* 0.017 0.40 0.028 0.85 0.014 0.41 0.028 1.20 0.053 2.54* 0.048 2.31* 0.038 1.38 0.032 1.13

12 0.123 2.02* 0.053 1.15 0.058 1.36 0.052 1.36 0.084 3.10** 0.095 3.52** 0.085 2.60* 0.077 2.07* 0.080 2.11*

18 0.153 2.62* 0.086 1.74 0.085 2.05* 0.087 2.43* 0.106 3.31** 0.118 3.39** 0.112 2.85** 0.106 2.52* 0.110 2.98**

24 0.165 2.39* 0.090 1.68 0.094 2.26* 0.101 2.43* 0.131 3.35** 0.142 3.73** 0.137 3.27** 0.134 3.34** 0.131 3.57**

30 0.165 2.23* 0.120 2.15* 0.110 2.15* 0.110 2.15* 0.137 3.01** 0.160 4.03** 0.155 3.78** 0.142 3.58** 0.136 3.40**

36 0.151 2.21* 0.122 2.08* 0.117 2.00* 0.125 2.41* 0.150 3.39** 0.167 4.39** 0.160 4.05** 0.156 3.79** 0.162 3.80**

42 0.206 2.72** 0.137 2.13* 0.127 2.11* 0.137 2.69** 0.164 3.69** 0.178 4.61** 0.173 4.35** 0.174 4.23** 0.174 4.53**

48 0.211 2.60* 0.149 2.23* 0.135 2.25* 0.144 2.78** 0.173 4.00** 0.182 4.76** 0.189 4.82** 0.185 4.68** 0.187 5.18**

This table reports the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of the loser, winner

and contrarian portfolios, which are formed by ranking the stocks based on their J-month lagged returns, adopting the decile grouping, and holding for K

months. The values of J and K for different strategies are indicated in the first collum and the first row respectively. The sample period is January 1997 to

December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively.

doi:10.1371/journal.pone.0137892.t004
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For the loser portfolios, the return LJ,K increases roughly with J and K. A closer scrutiny
unveils more details. There is a valley around J = 9 and K = 6, which are the portfolios with the
worst performance. The best performance is achieved if one ranks the stocks according to their
profits in the past four years and holds the loser portfolio for two years (SZSE) or longer
(SHSE). The highest annualized return is 36.2% for the LOS(48,36) portfolio on the SHSE and
36.9% for the LOS(48,24) and LOS(42,30) portfolios on the SZSE.

When the holding horizon K is short, say no longer than 1 year, the annualized returns of
the winner portfolios are almost independent of the holding horizon J. When the holding hori-
zon is longer than 1 year, the winner returns decrease with increasing estimation horizon.
When the estimation horizon J is fixed, the winner portfolio return increases first and decreases
with the holding horizon K. When the estimation horizon is very short (say, J = 1) and the
holding horizon is around 2 years, the winner portfolio return is the highest.

The annualized returns of contrarian portfolios depend more on the estimation horizon J
than on the holding horizon K. A evident trend is that CJ,K increases with J for fixed K. For
fixed J, the return CJ,K decreases first and then increases, showing a V-shape pattern. Hence,
the best performance is achieved for portfolios formed on long estimation horizons and held
for very short (1–3 months) and especially for very long (3–4 years) horizons. Under these con-
ditions, the profits are very significant. For instance, the CON(48,1) portfolio provide an aver-
age annualized return of 20.9% for the SHSE stocks and 21.1% for the SZSE stocks.

The relative profits of contrarian portfolios with different ranking groups
In the literature, three grouping methods are adopted in the formation of portfolios, including
decile grouping [3, 27], quintile grouping [10, 41], and tertile grouping [13]. For the Chinese
stock market, the results are qualitatively similar for different grouping methods. We now
investigate the relative performances of these grouping methods. For each of the three grouping
methods, we form winner, loser and contrarian portfolios based on different combinations of
estimation and holding horizons with J and K belonging to {1,6,12,18,24,30,36,42,48}. For each
portfolio, say WIN(J,K), we obtain the return time seriesWJ,K,g(t) for each grouping g and
determine the averages of return differences between different g’s, hWJ,K,g1(t)−WJ,K,g2(t)it. The
resulting average return differences and the associated t-statistics of the winner, loser and con-
trarian portfolios for the two exchanges are presented in S5–S10 Tables. Table 5 shows the
results for J = K.

Panel A of Table 5 reports the average return differences for the loser portfolios with J = K
in the two exchanges. Most of the return differences are negative for short horizons and posi-
tive for long horizons. For short horizons, some of return differences are significantly negative
while other are insignificant. For long horizons, especially when J = K� 30 for SHSE stocks
and J = K� 24 for SZSE stocks, all return differences are significantly positive. This panel sug-
gests that, if one buys loser portfolios, she should adopt long horizons and use the decile group-
ing to form her portfolios to obtain high and robust profits. These findings also hold when the
estimation horizon and the holding horizon are not fixed identical.

Panel B of Table 5 reports the average return differences for the winner portfolios with J = K
in the two exchanges. The most significant feature is that all return differences are negative.
The negative return difference is more likely to be significant if the horizons are longer. When J
is not necessary equal to K, the results have only slight differences, as shown in S7 Table and S8
Table. For the comparison of quintile grouping and tertile grouping (G5−G3), all 81 combina-
tions of J and K have negative return differences for the SHSE stocks, and only 3 out of the 81
combinations (WIN(12,1), WIN(30,1) and WIN(42,1)) have positive return differences for the
SZSE stocks which are however not significant. For the comparison of decile grouping and
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quintile grouping (G10−G5), only 2 combinations (WIN(1,42) and WIN(1,48)) have positive
return differences for the SHSE stocks which are insignificant, and there are 14 combinations
have positive return differences for the SZSE stocks with one (WIN(42,6)) being significant at
the 5% level. For the comparison of decile grouping and tertile grouping (G10−G3), all 81 com-
binations have negative return differences for the SHSE stocks, and there are 3 combinations
have positive return differences for the SZSE stocks which are not significant at the 5% level.
Therefore, if one adopts the strategy to buy winner portfolios, it is better to use tertile grouping
and long estimation and holding horizons.

Panel C of Table 5 reports the average return differences for the contrarian portfolios with
J = K in the two exchanges. There are positive and negative return differences. All negative
return differences are not significant at the 5% level and the corresponding horizons are not
longer than one year. For horizons longer than one year, all the return differences are positive
and most are significant at the 1% level. If we do not fix J = K, the results are similar. Therefore,
if an investor wants to adopt the contrarian strategy, she should use decile grouping and long-
term lagged returns to rank stocks to construct her portfolio and hold it for a long period.

The profits of contrarian portfolios in different exchanges
As mentioned in Materials and Methods, the SHSE and the SZSE have different features, such
as market value per stock, which may lead to different results in the two exchanges. However,
the results resented so far are qualitatively similar for both exchanges. Now we intend to inves-
tigate quantitatively the contrarian return differences between the SHSE and the SZSE. We first

Fig 3. Contour plots of the average annualized returns based on decile grouping with varying estimation and holding horizons. The left panel is for
loser portfolios, the middle panel is for winner portfolios, and the right panel is for contrarian portfolios. The top panel is for the SHSE stocks and the bottom is
for the SZSE stocks.

doi:10.1371/journal.pone.0137892.g003
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obtain the time series of returns difference for each contrarian portfolio with the stocks listed
on different exchanges, and then calculate their averages. The results are reported in the
Table 6.

Panel A shows the results for contrarian portfolios based on decile grouping. There are
three contrarian portfolios (CON(12,30), CON(18,30) and CON(24,30)) having negative
return differences that are significant at the 5% level and four portfolios (CON(30,48), CON
(36,48), CON(42,48), CON(48,48)) with significant positive return differences (three at the 1%
level and one at the 5% level). The remaining 74 portfolios do not exhibit significant differences
between the two exchanges.

Table 6. Comparison of the performance of contrarian portfolios in the two exchanges for the whole sample period 1997–2012.

K = 1 6 12 18 24 30 36 42 48

J Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat

Panel A: Decile grouping

1 0.025 0.88 0.014 0.99 0.008 0.69 0.009 0.61 0.014 0.99 0.009 0.87 0.003 0.33 -0.002 -0.15 0.006 0.57

6 0.023 0.67 -0.006 -0.33 0.000 0.02 0.012 0.73 0.011 0.76 -0.014 -1.02 -0.018 -1.51 -0.005 -0.45 0.007 0.74

12 -0.042 -1.14 -0.024 -1.68 -0.017 -1.26 0.001 0.04 -0.020 -1.56 -0.030 -2.42* -0.017 -1.49 -0.004 -0.43 0.012 1.03

18 -0.023 -0.59 -0.028 -1.74 -0.007 -0.52 -0.000 -0.02 -0.019 -1.62 -0.029 -2.34* -0.021 -1.78 0.002 0.20 0.011 1.14

24 -0.030 -0.67 -0.006 -0.35 0.010 0.63 0.014 0.77 -0.019 -1.40 -0.030 -2.61* -0.019 -1.90 -0.005 -0.61 0.012 1.15

30 0.021 0.45 0.013 0.68 0.025 1.34 0.030 1.44 -0.002 -0.14 -0.022 -1.91 -0.015 -1.43 0.009 0.97 0.036 2.88**

36 0.049 1.01 0.016 0.71 0.024 1.05 0.021 0.97 -0.001 -0.06 -0.020 -1.62 -0.005 -0.44 0.021 1.85 0.036 2.67**

42 -0.015 -0.25 0.014 0.56 0.027 1.11 0.023 1.09 -0.007 -0.46 -0.017 -1.51 0.003 0.28 0.023 1.71 0.040 3.19**

48 -0.002 -0.03 0.025 0.88 0.029 1.23 0.016 0.78 -0.003 -0.23 -0.007 -0.62 -0.006 -0.47 0.014 0.95 0.028 2.09*

Panel B: Quintile grouping

1 0.012 0.53 0.012 1.26 0.000 0.03 0.002 0.25 0.003 0.36 0.003 0.37 0.001 0.06 -0.000 -0.02 0.006 0.88

6 0.022 0.90 -0.012 -1.12 0.000 0.02 0.005 0.48 0.013 1.29 -0.000 -0.02 -0.002 -0.27 0.005 0.56 0.021 2.78**

12 -0.018 -0.75 -0.022 -2.50* -0.006 -0.67 0.003 0.26 -0.011 -1.14 -0.015 -2.02* -0.014 -1.97 -0.004 -0.58 0.008 1.10

18 -0.032 -1.11 -0.028 -2.88** -0.009 -1.11 -0.001 -0.11 -0.007 -0.91 -0.017 -2.33* -0.011 -1.76 0.005 0.79 0.015 2.18*

24 -0.025 -0.89 -0.008 -0.80 0.006 0.58 0.019 1.56 0.001 0.13 -0.009 -1.37 0.000 0.02 0.016 2.15* 0.026 3.42**

30 0.008 0.26 0.011 1.00 0.025 2.03* 0.022 1.69 0.002 0.23 -0.006 -0.80 0.006 1.01 0.024 3.26** 0.044 5.00**

36 0.012 0.33 0.023 1.60 0.028 1.93 0.029 2.18* 0.010 0.99 0.001 0.10 0.010 1.44 0.034 3.54** 0.049 4.75**

42 0.002 0.04 0.001 0.09 0.022 1.35 0.025 1.79 0.006 0.58 0.005 0.73 0.025 3.22** 0.034 3.50** 0.044 4.47**

48 -0.011 -0.27 0.011 0.64 0.025 1.73 0.015 1.17 -0.005 -0.45 -0.003 -0.31 0.008 0.86 0.016 1.51 0.020 1.90

Panel C: Tertile grouping

1 0.004 0.21 0.008 1.02 0.001 0.15 -0.001 -0.09 0.001 0.12 0.001 0.15 0.001 0.09 0.003 0.43 0.008 1.45

6 0.010 0.55 -0.016 -2.09* -0.006 -0.94 -0.003 -0.35 -0.001 -0.10 -0.001 -0.22 -0.002 -0.51 -0.002 -0.35 0.015 2.95**

12 -0.021 -1.03 -0.024 -3.76** -0.007 -1.07 0.003 0.43 0.001 0.28 -0.001 -0.14 -0.004 -0.82 0.004 0.80 0.017 2.80**

18 -0.020 -0.94 -0.020 -2.69** -0.002 -0.26 0.004 0.75 0.001 0.15 -0.006 -1.24 -0.002 -0.54 0.011 2.43* 0.022 3.85**

24 -0.016 -0.66 -0.007 -0.93 0.006 0.94 0.016 2.17* 0.001 0.12 -0.006 -0.99 0.006 1.26 0.018 3.22** 0.028 4.77**

30 -0.008 -0.31 0.006 0.86 0.025 3.11** 0.020 2.86** 0.004 0.66 0.005 1.00 0.012 3.05** 0.024 4.63** 0.040 6.65**

36 0.023 0.89 0.025 2.77** 0.024 2.75** 0.012 1.52 0.006 0.78 0.006 1.00 0.018 2.96** 0.036 4.55** 0.046 6.01**

42 -0.009 -0.32 -0.002 -0.21 0.009 0.95 0.006 0.79 -0.002 -0.26 0.004 0.70 0.025 3.53** 0.032 4.30** 0.036 5.29**

48 -0.004 -0.13 0.005 0.44 0.015 1.36 0.002 0.24 -0.001 -0.06 0.010 1.16 0.019 2.27* 0.018 2.32* 0.020 2.91**

This table reports the differences of average annualized returns of contrarian portfolios in the SHSE and SZSE and the corresponding t-statistics. The
return differences are the SHSE returns minus the SZSE returns. The contrarian portfolios are formed based on J-month lagged returns and held for K

months. The three panels show the results using decile grouping, quintile grouping and tertile grouping in ranking the J-month lagged return. The sample

period is January 1997 to December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively.

doi:10.1371/journal.pone.0137892.t006
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Panel B presents the results for contrarian portfolios based on quintile grouping. There are
17 contrarian portfolios showing significant differences between the two exchanges, in which 4
are negative and 13 are positive. The remaining 64 portfolios do not exhibit significant differ-
ences between the two exchanges.

Panel C depicts the results for contrarian portfolios based on tertile grouping. There are 26
contrarian portfolios that have significant differences between the two exchanges in which 3
are negative and 23 are positive, while the other 55 portfolios do not exhibit significant differ-
ences. The portfolios with positive return differences between the two exchanges concentrate
mainly at the right-bottom corner of the panel, showing that contrarian portfolios with long-
term estimation and holding horizons have significantly different average annualized returns
on the two exchanges and they are more profitable on the SHSE that have large-cap stocks on
average.

Robustness check
In this section, two approaches are adopted to check the robustness of the findings. First, we
perform subperiod analysis through dividing the whole sample period into two subperiods
delimited by the onset of the largest and most infamous crash in the history of China’s stock
market. One subperiod is from January 1997 to September 2007 and the other is from October
2007 to December 2012. Second, the case of skipping one month between the estimation and
holding periods is considered to avoid possible measurement errors.

Subperiod analysis
Fig 4 illustrates the evolution of daily closing prices of the Shanghai Stock Exchange Composite
Index. The SHSE composite index was merely 99.98 on 19 December 1990, which is the first
day when SHSE took into operation. By the end of 1996, the index reached 917.02, about ten
times of the initial index. The market then experienced bulls and bears and kept climbing to
the peak about 6092.06 on 16 October 2007. The historical intraday high was 6124.04 on the
same day. Afterwards, the index declined sharply, and entered the long-term adjustment stage.
In 2009, the market experienced a bubble [48]. However, the index is far lower than the histori-
cal high. At the end of 2012, the index was 2269.13.

It is thus necessary to check the robustness of our findings during subperiods. Subperiod
analysis is frequently-used in literatures [3, 7, 41]. We divide the whole sample period (1997–
2012) into two subperiods, January 1997 to September 2007 and October 2007 to December
2012. The former period represents a long-term rising stage of the market, while the latter one
represents an adjustment stage. The results are presented in Table 7 for the SHSE stocks and
Table 8 for SZSE stocks, in which all portfolios are formed with identical estimation and hold-
ing horizons, that is, J = K.

For the loser portfolios in the first subperiod (Panel A of both tables), almost all annualized
returns are significantly positive at the 5% level for the SHSE stocks except for two LOS(6,6)
portfolios based on decile grouping and quintile grouping, while almost all annualized returns
are significantly positive for the SZSE stocks. For the loser portfolios in the second subperiod
(Panel B of both tables), the annualized returns are positive but not significant when J� 24
and significantly positive when J� 30 for the SHSE stocks, while the annualized returns for the
SZSE stocks are significantly positive only when J� 24. A loser portfolio results in significantly
higher profits in the first subperiod that is bullish on average. However, despite the market sta-
tus, strategies of buying loser portfolios are unlikely to incur losses and are very likely to earn
money. We also observe that loser portfolios have better performances if the horizons are lon-
ger. For the winner portfolios in the first subperiod, all the annualized returns are positive for
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both exchanges. Moreover, winner portfolios with K� 30 give significant positive returns at
the 5% level and other portfolios with shorter horizons may have significant and insignificant
positive returns. In contrast, although most annualized returns in the second subperiod are
positive, no return is significantly positive nor negative. These observations have a simple intui-
tive explanation. When the market is bullish, loser portfolios will rebound to rise and winner
portfolios will continue to rise. When the market is bearish, loser portfolios will reverse with a
higher probability, while winner portfolios will bear pressure to continue rising.

We now turn to the contrarian portfolios. In the first subperiod, the returns with J� 18 are
significantly positive and that with J� 12 are insignificant for SHSE stocks, and the returns
with J� 24 are significantly positive and those with J� 18 are insignificant for SZSE stocks. In
addition, a given portfolio performs better in the SHSE than in the SZSE. We also find that con-
trarian portfolios based on more groups have higher annualized returns than portfolios based
on less groups. For instance, the annualized return of CON(48,48) based on decile grouping is
greater than that on tertile grouping by 0.102 on the SHSE and by 0.083 on the SZSE. In the
second subperiod, almost all annualized returns are significantly positive, except for the two
CON(18,18) portfolios based on decile grouping and quintile grouping on the SHSE and for

Fig 4. Evolution of the Shanghai Stock Exchange Composite Index from December 1990 to December 2012.

doi:10.1371/journal.pone.0137892.g004
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CON(6,6) based on decile, quintile and tertile groupings on the SZSE. A given portfolio per-
forms better in the SZSE than in the SHSE. Again, portfolios based on more groups result in
higher returns. For instance, the annualized return of CON(48,48) based on decile grouping is
greater than that on tertile grouping by 0.087 on the SHSE and by 0.157 on the SZSE. Hence,
when an investor adopts contrarian strategies, it is better to invest in SHSE stocks during bull-
ish states and in SZSE stocks during bearish periods.

We also study the relationship between the returns of contrarian portfolios based on varying
J and K in the two subperiods. The results are illustrated in S3 Fig for the first subperiod and in
S4 Fig for the second subperiod. The main findings are qualitatively the same as in Tables 7
and 8. The contour plots provide more information. It is evident that the returns of the cases
based on three different grouping ways co-move positively with J. The dependence of the
returns on the holding horizon K differ in different subperiods. Specifically, during the first
subperiod, the relation between contrarian returns and K can be depicted as a U-shape, that is,
the returns reduce at first and then increase with K. However, during the second subperiod, the

Table 7. The annualized returns of the loser, winner and contrarian portfolios formed based on J-month lagged returns and held forKmonths with
J = K for SHSE stocks in two subperiods.

1 6 12 18 24 30 36 42 48

Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat

Panel A: 1997/01-2007/09

Panel A1: Decile grouping

LOS 0.258 2.29* 0.216 1.84 0.267 2.09* 0.320 2.38* 0.335 2.78** 0.352 3.35** 0.347 4.23** 0.371 4.71** 0.383 4.52**

WIN 0.191 1.67 0.271 2.37* 0.260 2.21* 0.233 1.82 0.232 1.84 0.227 2.06* 0.203 2.37* 0.177 2.79** 0.168 3.11**

CON 0.066 1.55 -0.055 -1.42 0.007 0.17 0.087 2.45* 0.103 3.27** 0.125 3.57** 0.144 3.67** 0.194 4.85** 0.215 4.50**

Panel A2: Quintile grouping

LOS 0.272 2.35* 0.231 1.93 0.283 2.21* 0.331 2.41* 0.342 2.67** 0.332 3.26** 0.325 4.17** 0.341 4.66** 0.345 4.54**

WIN 0.213 1.79 0.275 2.34* 0.260 2.22* 0.249 1.96 0.239 1.99* 0.235 2.25* 0.208 2.58* 0.196 3.15** 0.195 3.45**

CON 0.059 1.54 -0.044 -1.49 0.023 0.70 0.083 2.70** 0.103 3.83** 0.097 3.39** 0.118 3.56** 0.145 4.31** 0.150 4.16**

Panel A3: Tertile grouping

LOS 0.275 2.37* 0.245 2.03* 0.290 2.29* 0.328 2.43* 0.338 2.64** 0.328 3.24** 0.315 4.11** 0.321 4.63** 0.318 4.59**

WIN 0.223 1.85 0.276 2.31* 0.271 2.27* 0.270 2.10* 0.264 2.15* 0.250 2.45* 0.214 2.82** 0.203 3.33** 0.206 3.57**

CON 0.052 1.55 -0.031 -1.38 0.019 0.74 0.058 2.40* 0.074 3.34** 0.078 3.43** 0.101 3.95** 0.117 4.67** 0.113 4.57**

Panel B: 2007/10-2012/12

Panel B1: Decile grouping

LOS 0.122 0.71 0.126 0.75 0.130 0.96 0.148 1.41 0.205 1.84 0.248 2.28* 0.247 3.25** 0.244 5.20** 0.218 5.63**

WIN -0.131 -0.78 -0.023 -0.18 0.012 0.12 0.059 0.72 0.067 0.89 0.063 1.03 0.044 1.13 0.029 0.85 0.004 0.14

CON 0.253 3.92** 0.149 2.23* 0.118 2.06* 0.088 1.81 0.138 2.44* 0.184 3.10** 0.203 4.33** 0.215 6.47** 0.214 11.43**

Panel B2: Quintile grouping

LOS 0.137 0.78 0.116 0.70 0.144 1.06 0.155 1.50 0.193 1.84 0.222 2.16* 0.215 2.94** 0.203 4.51** 0.188 4.50**

WIN -0.108 -0.63 -0.000 -0.00 0.028 0.27 0.074 0.88 0.080 1.03 0.075 1.15 0.054 1.32 0.040 1.23 0.018 0.53

CON 0.245 4.53** 0.116 2.15* 0.116 2.30* 0.082 1.94 0.113 2.47* 0.147 3.12** 0.160 4.08** 0.163 6.34** 0.169 12.40**

Panel B3: Tertile grouping

LOS 0.129 0.73 0.115 0.70 0.144 1.08 0.159 1.56 0.190 1.84 0.208 2.08* 0.191 2.76** 0.180 4.27** 0.165 4.02**

WIN -0.073 -0.42 0.021 0.15 0.050 0.46 0.089 1.04 0.099 1.23 0.093 1.35 0.076 1.66 0.058 1.64 0.038 1.09

CON 0.202 4.97** 0.094 2.13* 0.094 2.43* 0.069 2.05* 0.090 2.46* 0.115 3.08** 0.115 3.84** 0.122 6.31** 0.126 11.71**

This table reports the results of strategy portfolios in the SHSE during two subperiods. The values of J and K for different strategies are indicated in the

first row. The top panel is for first subperiod, from January 1997 to September 2007, and the bottom is for the second subperiod from October 2007 to

December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively.

doi:10.1371/journal.pone.0137892.t007
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relationship can be depicted as an L-shape, which suggests that the returns would decrease at
first and then become steady with increasing K.

Robustness to measurement
We have observed significant short-term contrarian effect when J = K = 1 in the full period
1997–2012 and in the bearish subperiod 2007–2012, but not in the bullish subperiod 1997–
2007. The short-term contrarian effect might be attributed to some factors such as bid-ask
bounce and lagged reaction [42, 49]. In order to avoid measurement errors caused by these fac-
tors, a common approach is to skip some time interval between the estimation period and the
holding period [7, 10]. We use one month as the skipping interval and perform the analysis on
the whole sample period for loser, winner and contrarian portfolios with J = K. The results are
reported in Table 9, which are compared with Table 2.

Table 8. The annualized returns of the loser, winner and contrarian portfolios formed based on J-month lagged returns and held forKmonths with
J = K for SZSE stocks in two subperiods.

1 6 12 18 24 30 36 42 48

Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat

Panel A: 1997/01-2007/09

Panel A1: Decile grouping

LOS 0.245 2.27* 0.201 1.78 0.274 2.29* 0.311 2.43* 0.356 2.45* 0.366 3.02** 0.340 3.78** 0.337 4.18** 0.345 4.11**

WIN 0.209 1.66 0.246 2.10* 0.263 1.98* 0.257 1.79 0.271 1.80 0.240 2.03* 0.216 2.57* 0.201 2.73** 0.179 2.93**

CON 0.035 0.70 -0.046 -1.14 0.011 0.22 0.054 1.28 0.086 2.43* 0.126 3.11** 0.125 2.95** 0.136 3.03** 0.165 4.21**

Panel A2: Quintile grouping

LOS 0.246 2.24* 0.220 1.87 0.280 2.27* 0.318 2.33* 0.338 2.41* 0.339 3.00** 0.321 3.81** 0.300 4.26** 0.317 4.20**

WIN 0.193 1.57 0.245 2.06* 0.258 1.98 0.260 1.85 0.267 1.91 0.249 2.21* 0.228 2.73** 0.211 2.99** 0.200 3.15**

CON 0.054 1.32 -0.025 -0.82 0.022 0.60 0.058 1.83 0.071 2.68** 0.090 2.80** 0.093 2.63** 0.089 2.36* 0.117 3.66**

Panel A3: Tertile grouping

LOS 0.251 2.22* 0.231 1.90 0.281 2.21* 0.308 2.25* 0.328 2.42* 0.322 3.02** 0.304 3.81** 0.286 4.28** 0.292 4.13**

WIN 0.191 1.54 0.237 2.00* 0.261 2.04* 0.275 2.00* 0.275 2.05* 0.258 2.38* 0.233 2.88** 0.217 3.23** 0.210 3.36**

CON 0.059 1.80 -0.006 -0.27 0.020 0.73 0.033 1.46 0.053 2.31* 0.064 2.46* 0.071 2.25* 0.070 2.16* 0.082 3.25**

Panel B: 2007/10-2012/12

Panel B1: Decile grouping

LOS 0.089 0.51 0.123 0.71 0.177 1.19 0.224 2.05* 0.322 2.52* 0.327 2.84** 0.326 3.54** 0.367 8.67** 0.337 9.16**

WIN -0.151 -0.90 -0.024 -0.19 0.012 0.12 0.050 0.64 0.059 0.88 0.049 0.91 0.022 0.60 0.005 0.19 0.008 0.25

CON 0.240 4.68** 0.146 1.80 0.166 2.40* 0.174 3.19** 0.262 2.96** 0.278 3.38** 0.304 4.40** 0.361 11.52** 0.328 11.57**

Panel B2: Quintile grouping

LOS 0.114 0.65 0.126 0.72 0.180 1.22 0.220 1.92 0.273 2.25* 0.265 2.52* 0.254 3.19** 0.271 6.47** 0.250 5.90**

WIN -0.107 -0.62 0.012 0.09 0.041 0.38 0.071 0.83 0.072 1.00 0.069 1.14 0.049 1.28 0.027 0.92 0.013 0.40

CON 0.221 5.36** 0.113 1.76 0.139 2.56* 0.149 3.09** 0.201 2.97** 0.196 3.41** 0.206 4.16** 0.244 11.01** 0.237 14.21**

Panel B3: Tertile grouping

LOS 0.117 0.65 0.130 0.76 0.180 1.24 0.210 1.82 0.247 2.13* 0.236 2.32* 0.218 2.98** 0.219 5.35** 0.203 4.73**

WIN -0.057 -0.32 0.037 0.27 0.066 0.58 0.092 1.02 0.098 1.24 0.094 1.44 0.070 1.65 0.050 1.48 0.032 0.87

CON 0.174 5.14** 0.093 1.90 0.114 2.65* 0.118 3.16** 0.149 2.99** 0.141 3.20** 0.148 4.00** 0.169 10.51** 0.171 13.69**

This table reports the results of strategy portfolios in the SZSE during two subperiods. The values of J and K for different strategies are indicated in the

first row. The top panel is for first subperiod, from January 1997 to September 2007, and the bottom is for the second subperiod from October 2007 to

December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively.

doi:10.1371/journal.pone.0137892.t008
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For the loser portfolios on the SHSE (Panel A of Table 9), most of the returns reduce after
the one-month skipping. The most remarkable reduction is happened for the LOS(6,6) portfo-
lios (0.019 for decile grouping, 0.014 for quintile grouping and 0.012 for the tertile grouping).
The reduction of returns for LOS(1,1) portfolios based on the quintile and tertile groupings is
slightly lower. For other loser portfolios, the return reduction is minor. For the loser portfolios
on the SZSE (Panel B of Table 9), we observe slightly different behaviors. After skipping one
month, the returns of LOS(1,1) portfolios increase slightly and the returns of LOS(6,6) portfo-
lios decrease mildly. For other loser portfolios, both increase and decrease in the annualized
returns are observed; However, the degree of change is minor. Overall, skipping one month
does not change the significance of the annualized returns of loser portfolios. For the winner
portfolios, most of the annualized returns increase after skipping one month. When K� 12,

Table 9. The results for skipping onemonth between J and K for the whole sample period 1997–2012.

1 6 12 18 24 30 36 42 48

Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat Ret t-stat

Panel A: SHSE

Panel A1: Decile grouping

LOS 0.214 2.15* 0.168 1.75 0.225 2.24* 0.269 2.64** 0.303 3.18** 0.325 3.83** 0.328 4.82** 0.347 5.22** 0.357 4.86**

WIN 0.106 1.04 0.189 2.01* 0.184 2.02* 0.183 1.91 0.190 1.94 0.190 2.17* 0.170 2.48* 0.153 2.87** 0.148 3.10**

CON 0.108 3.55** -0.022 -0.56 0.041 1.22 0.086 3.07** 0.113 4.01** 0.135 4.37** 0.158 5.00** 0.194 5.76** 0.209 5.16**

Panel A2: Quintile grouping

LOS 0.222 2.24* 0.180 1.85 0.240 2.38* 0.280 2.69** 0.304 3.03** 0.305 3.72** 0.301 4.67** 0.316 5.11** 0.321 4.85**

WIN 0.126 1.23 0.196 2.05* 0.190 2.09* 0.200 2.10* 0.201 2.15* 0.199 2.40* 0.177 2.71** 0.170 3.23** 0.175 3.45**

CON 0.097 3.87** -0.016 -0.51 0.050 1.83 0.080 3.22** 0.104 4.41** 0.106 4.24** 0.125 4.67** 0.146 5.28** 0.146 4.65**

Panel A3: Tertile grouping

LOS 0.215 2.16* 0.191 1.96 0.245 2.46* 0.280 2.72** 0.299 3.00** 0.299 3.65** 0.288 4.53** 0.295 5.05** 0.296 4.88**

WIN 0.145 1.44 0.203 2.10* 0.206 2.22* 0.220 2.26* 0.225 2.35* 0.216 2.65** 0.187 3.02** 0.180 3.47** 0.186 3.62**

CON 0.070 3.52** -0.011 -0.48 0.039 1.79 0.060 3.01** 0.074 3.86** 0.084 4.27** 0.101 4.93** 0.115 5.66** 0.111 5.36**

Panel B: SZSE

Panel B1: Decile grouping

LOS 0.221 2.09* 0.172 1.76 0.245 2.53* 0.287 2.86** 0.346 3.03** 0.351 3.62** 0.335 4.51** 0.338 5.03** 0.340 4.69**

WIN 0.095 0.99 0.173 1.78 0.186 1.83 0.199 1.85 0.215 1.88 0.194 2.12* 0.174 2.53* 0.164 2.66** 0.154 2.89**

CON 0.126 3.41** -0.002 -0.05 0.059 1.45 0.088 2.60* 0.132 3.43** 0.157 4.07** 0.160 4.20** 0.175 4.43** 0.186 5.34**

Panel B2: Quintile grouping

LOS 0.208 2.03* 0.183 1.85 0.248 2.51* 0.288 2.74** 0.320 2.92** 0.317 3.51** 0.303 4.42** 0.292 4.98** 0.306 4.68**

WIN 0.102 1.07 0.179 1.85 0.192 1.91 0.211 1.99* 0.217 2.04* 0.208 2.35* 0.192 2.80** 0.179 2.98** 0.174 3.11**

CON 0.106 3.54** 0.004 0.13 0.056 1.80 0.076 2.83** 0.102 3.59** 0.110 3.82** 0.112 3.59** 0.114 3.49** 0.132 4.83**

Panel B3: Tertile grouping

LOS 0.209 2.04* 0.193 1.92 0.248 2.46* 0.277 2.64** 0.304 2.90** 0.299 3.49** 0.284 4.33** 0.273 4.87** 0.278 4.51**

WIN 0.128 1.30 0.180 1.88 0.203 2.06* 0.226 2.17* 0.230 2.23* 0.222 2.58* 0.201 3.02** 0.189 3.29** 0.186 3.36**

CON 0.081 3.42** 0.013 0.55 0.045 1.88 0.051 2.53* 0.074 3.22** 0.077 3.40** 0.083 3.11** 0.084 3.09** 0.092 4.26**

This table reports the average annualized returns and the corresponding t-statistics adjusted for heteroscedasticity and autocorrelation of the loser, winner

and contrarian portfolios, which are formed based on J-month lagged returns and held for K months with J = K. There is a one-month skip between the

estimation and holding horizons. The values of J and K for different strategies are indicated in the first row. Panel A is for SHSE stocks and Panel B is for

SZSE stocks. In ranking the J-month lagged returns, decile grouping, quintile grouping and tertile grouping are adopted. The sample period is January

1997 to December 2012. The superscripts * and ** denote the significance at 5% and 1% levels, respectively.

doi:10.1371/journal.pone.0137892.t009
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the differences are ignorable. When J = 1 and J = 6, we observe a large increase. However, the
returns are still insignificant.

For the contrarian portfolios, the returns with J� 12 after skipping one month change
slightly of order 0.001 and are thus not significant. However, the returns of CON(1,1) and
CON(6,6) reduce remarkably. For instance, in the case of decile grouping for SHSE stocks, the
average annual returns of CON(1,1) and CON(6,6) in Table 2 are 0.128 and 0.011, while in the
case of skipping one month, the average annual returns of CON(1,1) and CON(6,6) decrease
to 0.108 and −0.022, respectively. Meanwhile, CON(1,1) still has statistically significant return,
which indicates that there is no measurement errors. The reduction of contrarian returns is
mainly due to the higher profits of winner portfolios after skipping one month. It is clear that
the short-term contrarian effect still exists though the average returns of contrarian portfolios
reduce. It is trivial that skipping one month will not impact the profitability of trading strate-
gies on the long run so that the long-term contrarian effect also exist.

It is also interesting to investigate the return differences of contrarian portfolios based on
the three different grouping ways. In the short run, there is evidence showing that quintile
grouping performs better than tertile grouping at the 5% significance level. However, no signif-
icant difference is observed between decile grouping and other two groupings. In the long run,
decile grouping outperforms quintile grouping and quintile grouping outperforms tertile
grouping. We also study the relationship between returns of the contrarian portfolios with
varying J and K in the case of one-month skipping (S5 Fig). We find that, the returns of con-
trarian portfolios increase with the estimation horizon J. The patterns with respect to the hold-
ing horizon K are more complicated and similar to those for the original strategies without
one-month skipping.

Conclusion
Following the seminal work of Jegadeesh and Titman [3], we investigate the performance of
loser portfolios, winner portfolios and contrarian portfolios in the Chinese stock market. The
analysis is performed on the monthly returns of all A-share stocks listed on the Shanghai Stock
Exchange and the Shenzhen Stock Exchanges. The two samples of SHSE stocks and SZSE
stocks cover the period from January 1997 to December 2012.

We find the presence of the contrarian effect in both exchanges across short, intermediate
and long horizons. The profits of portfolios depend on the estimation and holding horizons.
Especially, longer estimation and holding horizons lead to more profitable contrarian portfo-
lios. When adding one-month time interval between the estimation and holding periods, the
results still suggest the existence of significant short-term and long-term contrarian effects
even though the profits are decreasing substantially when J = K = 1. We also conduct subperiod
analysis. The long-term contrarian effect is very robust to the subperiods analysis, while the
results for short estimation and holding horizons vary with different market states. The short-
term contrarian effect is more explicit when the market is in a bearish stage.

Additionally, we study the impact of grouping ways on the performance of portfolios. Spe-
cifically, decile, quintile and tertile groupings are adopted. We find that the contrarian portfo-
lios based on decile grouping are more profitable than those based on quintile and tertile
groupings. This conclusion is more explicit when the estimation and holding horizons are lon-
ger than 12 months. These findings remain valid to the robustness checks based on subperiod
analysis and one-month skipping.
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