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Abstract

We construct the five factors in Fama and French (FF, 2015) and the four factors in Hou, Xue,
and Zhang (HXZ, 2015) for the Chinese stock market. Our objective is to identify a
parsimonious factor model that builds on these factors and provides an adequate explanation
for time-series and cross-sectional variations in Chinese stock returns. Our main findings are
as follows: (1) neither the FF investment factor nor the HXZ investment factor earns a
significant return in the Chinese stock market; (2) except for the value factor, the other FF
factors can be explained by the four HXZ factors; (3) three of the four HXZ factors, namely
size, profitability, and investment, cannot be explained by the five FF factors; (4) the best
performance model is comprised of the market factor, the FF value factor, a modified HXZ
size factor, and a modified HXZ profitability factor; (5) the maximum Sharpe ratio is achieved
by investing about 5% in the market factor, 20% in the value factor, and roughly the same
percentage in the size and profitability factors. The findings are consistent in the three time

periods we analyse.
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l. Introduction

In a seminal paper, Fama and French (1993) develop an empirical asset pricing model
that consists of the market factor, a size-related factor, and a value-related factor. The three-
factor model has been widely used in finance research and practice (see Campbell, 2000;
Harvey et al., 2016; and the references therein).> Recent studies find that the three-factor
model cannot explain the negative relation between investment and stock return, nor can it
explain the positive relation between firm profitability and stock return in the US market (e.g.
Titman et al., 2004, 2013; Fama and French, 2006; Liu et al., 2009; Novy-Marx, 2013). Fama
and French (FF, 2015) propose a new factor model by adding an investment factor and a
profitability factor to their three-factor model. The FF five-factor model is specified by the

following equation:

it

R,—ry=a,+p,(R, —r,)+ySMB, +nHML + ARMW  + u1,CMA, +e,, (1)

where R — 4 is the market factor, SMB is the size factor, HML is the value factor, RMW
is the profitability factor, and CMA is the investment factor.
Fama and French (2006) explain the profitability and investment effects in the valuation

theory framework. The value of a firm’s stock is the present value of expected dividends:

M, =3 E(D,.)/(+r). @)

7=1
where M, is the price at time ¢, E(Ds.) is the expected dividend at time ¢+7, and r is
(approximately) the long-term average expected stock return. Using the accounting identity
that the time ¢ dividend, D;, is earnings per share, Y;, minus the change in book equity per
share, dB=B—B:.1, and dividing both sides of Equation (2) by time ¢ book equity, we obtain

the following equation:

by DL a8 ) (Y
Bt — =1 B . (3)

t t

Equation (3) implies three predictions about expected stock return. First, ceteris paribus,
expected return is positively related to the book-to-market ratio. Second, ceteris paribus,
expected return is positively related to expected earnings (profitability). Third, ceteris paribus,
expected return is negatively related to expected growth in book equity (investment).

In a recent paper, Hou, Xue, and Zhang (HXZ, 2015) propose the following four-factor

2 As stated in the Scientific Background on the Nobel Prize Winners in Economics (2013), empirical asset
pricing research has practical implications: “Today, passively managed funds, such as index funds and
Exchange Traded Funds (ETFs), exist for a large variety of indexes and asset classes, including size and
book-to-market. In 2012, these funds had over $3.6 trillion (U.S.) under management and accounted for
41% of the worldwide flows into mutual funds.”



4 Hou and Zhang

model:

R, —r,=a,+BR, —1,)+dME +71,ROE +wINV, + ¢, 4)
where R, —r; is the market factor, ME is the size factor, ROE is the profitability factor,
and /NV is the investment factor. The inspiration for Hou, Xue, and Zhang’s (2015) empirical
model comes from the neoclassical g-theory of corporate investment. They argue that the g-
theory predicts a negative relation between investment and expected return and a positive
relation between profitability and expected return (e.g. Liu et al., 2009; Li and Zhang, 2010).

In this study, we construct the five factors in Fama and French (2015) and the four factors
in Hou, Xue, and Zhang (2015) for the Chinese stock market. China is the second largest stock
market in the world in terms of total market value (Carpenter et al., 2015). The Chinese stock
market has attracted a lot of attention from investors worldwide, especially after the inclusion
of China’s large-cap A-shares in the MSCI Emerging Markets Index on 31 May 2018. Foreign
investors based in Hong Kong can now trade shares listed on the Shanghai Stock Exchange
(SSE) and the Shenzhen Stock Exchange (SZE) through the cross-exchange connect
programmes.® There is a growing body of studies on China’s stock markets (see Carpenter
and Whitelaw (2017) for a review of this literature). However, there is a lack of
comprehensive analyses on the explanatory power of the empirical factors that are identified
in the US market for Chinese stock returns. Our objective is to identify a parsimonious factor
model that builds on these factors and provide an adequate explanation for time-series and
cross-sectional variations in Chinese stock returns.

Five main findings emerge from our study. First, neither the FF investment factor nor the
HXZ investment factor earns a significant return in the Chinese stock market. The market
factor has a large mean monthly return (about 0.82%); however, this return is not significantly
different from zero. The value factor HML has a positive but insignificant mean return. The
FF profitability factor does not earn a significant return on average, but the mean return on
the HXZ profitability factor is significantly positive. Both the FF size factor and the HXZ size
factor have significantly positive mean returns, while the average return on the HXZ size
factor is much larger than that on the FF size factor.

Second, Fama and French (2015) find that the average return on the value factor HML
can be explained by the exposure of HML to the rest of factors. They conclude that “HML is
redundant for describing average returns, at least in the U.S. data for 1963-2013” (page 12)
and suggest that it would be “interesting to examine whether this result shows up in the U.S.
data for the pre-1963 period or in international data” (page 12). We run spanning regressions
to examine to what extent one factor can be explained by other factors in China. The factor-

spanning tests also give us some guidance on whether certain factors are potentially redundant

3 The Shanghai-Hong Kong Stock Connect programme started in November 2014, and the Shenzhen-Hong
Kong Stock Connect programme started in December 2016.
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in factor models. We find that, in contrast to the US finding, the value factor HML cannot be
explained by the four HXZ factors. The other FF factors, R,—rs, SMB, RMW, and CMA, can
be explained by the HXZ four-factor model. On the other hand, the HXZ factors, ME, ROE,
and /NV, cannot be explained by the FF five-factor model.

Third, we follow the methodology in Fama and French (2015) to construct three sets of
test assets, each of which consists of 25 portfolios. The first set is constructed by sorting the
assets by size and book-to-market (B/M) ratio, the second set by size and profitability, and the
third set by size and investment. We run time-series regressions of each portfolio’s monthly
excess returns on the pricing factors and use four conventional metrics to evaluate model
performance. First, the GRS statistic proposed by Gibbons, Ross, and Shanken (1989) tests
the null hypothesis that the intercepts (i.e. alphas) for the 25 left-hand-side (LHS) portfolios
in the same set are all equal to zero. Second, the average of the absolute value of alphas across
the 25 LHS portfolios, Avg|ai|, shows the magnitude of the unexplained return. Third, the ratio
of the dispersion of alphas to the dispersion of mean returns, D,/D;, measures the unexplained
proportion of return dispersion across the 25 LHS portfolios. Fourth, the average of the
regression R? across the 25 LHS portfolios, Avg(R?), measures the proportion of time-series
variation that is explained by a model. We find that the conventional metrics provide some
guidance in selecting useful factors, but they do not help us pick a convincing winner from
the competing models.

Fourth, we use the maximum Sharpe ratio as a performance metric to evaluate models.
For any given factor model, the maximum Sharpe ratio is the Sharpe ratio of the tangency
portfolio of the investment opportunity set that is spanned by the factors. The analyses in
Barillas and Shanken (2017) and Fama and French (2018) suggest that the model with the
highest maximum Sharpe ratio provides the best explanation, among the competing models,
of the expected returns on stocks from which the factors are constructed. We find that
according to this metric, the best model is comprised of the market factor, the FF value factor,
a modified HXZ size factor, and a modified HXZ profitability factor. The maximum Sharpe
ratio is achieved by investing about 5% in the market factor, 20% in the value factor, and
roughly the same percentage in the size and profitability factors.

Finally, since the establishment of the Chinese stock markets in 1991, there have been
several changes that have had a significant market-wide impact. Three of these changes are
particularly relevant for our analysis: (1) a set of modern accounting regulations became
effective in January 1998; (2) Chinese listed firms began to issue financial reports on a
quarterly basis in 2002; (3) most of the Chinese listed firms completed their share structure
reform by the end of 2006. Hence, we analyse return patterns over three different time periods,
namely July 1999 to December 2015, July 2002 to December 2015, and July 2008 to

December 2015. Our findings are consistent in the three time periods.
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Il. Data and Methodology
2.1 Special Features in the Chinese Stock Market

Several features in the Chinese stock market may affect the construction and
performance of empirical asset pricing factors. First, before April 2005, about two thirds of
outstanding shares of Chinese listed firms were held by government agencies or government-
related enterprises and were non-tradable in the secondary market. The Chinese government
started the share structure reform in April 2005 to legally convert non-tradable shares into
tradable shares. Most Chinese listed firms completed the reform by the end of 2006. However,
a substantial number of shares are still restricted from trading because of the lock-up
agreement. For example, at the end of 2012, more than 60% of A-shares were locked up in
nearly one quarter of Chinese listed firms (Xu and Zhang, 2014). Second, China set up the
Small and Medium Enterprise Board (SME Board) in May 2004 and the ChiNext market for
growth enterprises in October 2009, both hosted by the Shenzhen Stock Exchange. The
ChiNext and SME Board listed firms tend to be smaller in size than firms that are listed on
the main board. Third, more than 170 Chinese listed firms have issued multiple classes of
shares that have the same cash flow and voting rights but are listed in different markets. Some
have A- and B-shares, some have A- and H-shares, while others have A-shares and another
class of shares in other foreign markets.* For such firms, the market value of A-shares is only
part of the firm’s total market value, and thus it is incorrect to calculate the B/M ratio by
dividing the firm’s total book value of equity by the market value of its A-shares.

Previous studies do not present evidence on how these features affect the construction
and performance of the empirical asset pricing factors in China (e.g. Wang and Xu, 2004;
Chen, 2004; Liao and Shen, 2008; Liu and Yang, 2010; Mao et al., 2008). Xu and Zhang
(2014) carry out a comprehensive analysis and find that these special features have significant
effects on the values of the three FF factors and the explanatory power of the FF three-factor
model for Chinese stock returns. For example, during the period from July 1996 to June 2013,
the average monthly excess return on the market portfolio is 0.94% if only tradable A-shares
are included in the market portfolio but decreases to only 0.75% if both tradable and non-
tradable shares are included in the market portfolio. Moreover, the adjusted R? of the market
model is on average 82.9% if the market portfolio includes only tradable shares but decreases
to 76.6% if the market portfolio includes both non-tradable and tradable shares.

Both A-shares and B-shares are traded on the stock exchanges in China. Our analysis
focuses on A-shares for two reasons. First, B-shares are issued to foreign investors and traded

in US dollars on the SSE and in Hong Kong dollars on the SZE. Domestic investors in China

4 Both A and B shares are listed in Chinese domestic exchanges. A-shares are denominated and traded in
RMB Yuan, while B-shares are denominated and traded in USD or HKD. Before the establishment of the
Shanghai-Hong Kong Stock Connect programme, foreign individual investors could not open their own
accounts and directly invest in A-shares. H-shares are listed on the Hong Kong Stock Exchange. Other
foreign countries in which Chinese firms list their shares include the US, the UK, Singapore, and Germany.
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were not allowed to invest in B-shares before February 2001. Second, B-shares account for a
very small percentage of the total market value in recent years. The percentage of B-share
market value, calculated as the market value of all B-shares divided by the sum of the tradable
A-shares’ market value and the B-shares’ market value, has been less than 2% since 2008 and
dropped to 0.63% in 2014.

2.2 Data and Preliminary Statistics

We obtain data on Chinese listed firms from the CSMAR databases, including financial
statement items from the China Stock Market Financial Statements Dataset and stock return
data from the China Stock Market Trading Dataset. We use monthly data that include the
closing price, the stock return with cash dividend reinvested, the total number of shares
outstanding, and the total number of tradable shares at the end of each month. The financial
statement release dates are also obtained from CSMAR.

Some Chinese firms have multiple classes of shares listed on different stock exchanges:
for example, A-shares and B-shares on the SSE and the SZE, H-shares on the Hong Kong
Stock Exchange, and N-shares on the New York Stock Exchange. For such firms, it is
incorrect to measure the B/M ratio of A-shares by a firm’s total book value of equity divided
by the market value of A-shares. Instead, we calculate the book-to-price (B/P) ratio of A-
shares as the book value of equity per share divided by the market price of A-shares. The book
value of equity per share is equal to the total book value of equity divided by the total number
of outstanding shares in all classes. According to Xu and Zhang (2014), the number of firms
for which the B/P ratio differs from the B/M ratio increased from 18 in 1992 to 174 in 2012.°
Hence, we use the B/P ratio to replace the B/M ratio in our analysis.

We calculate two market values for each Chinese listed firm: the tradable market value
of a listed firm is the end-of-month A-share market price multiplied by the number of the
firm’s tradable A-shares, while the total market value of a listed firm is the end-of-month A-
share market price multiplied by the number of all the firm’s outstanding A-shares (including
both tradable and non-tradable A-shares). Starting from April 2005, the share structure reform
has substantially reduced the percentage of non-tradable A-shares in the market. Xu and
Zhang (2004) report that the proportion of the aggregate market value of all tradable A-shares
to the total market value of all outstanding A-shares increases from nearly 30% in 1995 to
above 80% in 2012.°

We calculate the book value of equity of Chinese listed companies in the same way that

Fama and French (2015) did for US listed companies.” Specifically, the book value of equity

3 Table 2 in Xu and Zhang (2014) reports the mean, median, and standard deviation of the B/P ratio, the B/M
ratio, and the difference between the two ratios of the same firm in each year from 1992 to 2012.

¢ Almost all of the Chinese listed firms completed the reform by the end of 2006. Some shares remain non-
tradable after the reform is completed because of the lock-up agreement.

7 According to Fama and French (2015), the book value of equity of a US listed company is equal to
shareholders’ equity plus deferred taxes and investment tax credit (if available) minus the book value of
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is equal to the shareholder equity in the annual balance sheet (Item A003000000 in the
CSMAR database) plus the deferred taxes and investment tax credit (A001222000 and
A002208000) (if available), minus the book value of preferred stock. If the balance sheet
shareholder equity is missing, we use the book value of assets (A001000000) minus the total
liabilities (A002000000). We hand collect the book value of preferred stock from the official
websites of the SSE and the SZE because Chinese listed firms were not allowed to issue
preferred stocks before 2014.

We measure a company’s investment in year ¢ by the percentage change in its total assets
in year ¢, that is, the total assets in year ¢ annual report divided by the total assets in year ¢-/
annual report, and then minus 1. Fama and French (2015) form the portfolios for the
profitability factor at the end of June each year by using firms’ operating profitability in the
fiscal year that ends in the previous calendar year. To construct the FF profitability factor for
the Chinese market, we measure a company’s profitability by its annual operating profit
(B001300000) divided by the book value of equity in the same annual report. Hou, Xue, and
Zhang (2015) form the portfolios for their profitability factor at the end of each month by
using firms’ quarterly operating profitability in the months immediately after quarterly
financial reports are released to the public. To construct the HXZ profitability factor, we
measure a firm’s profitability at the end of each month by its most recent quarterly operating
profit (B001300000) divided by the book value of equity in the previous financial report.®

The new Accounting Regulation for Listed Companies in China became effective in
January 1998. Many studies report that Chinese listed firms before 1998 had poor earnings
quality because of outdated accounting rules, the lack of accounting and auditing
professionals, and other institutional weaknesses (e.g. Chen et al., 1999; Xiang, 1998; Chen
et al.,2002). Hence, our analysis starts from 1998. We calculate summary statistics of the five
variables for Chinese listed firms: firm size, B/M ratio, annual investment, annual profitability,
and quarterly profitability. For each year, firm size is the total market value at the end of June
in that year; B/M ratio is the book value of equity per share in that year’s annual report divided
by the December-end closing price of A-shares; annual investment is the percentage change
in total assets in the year; annual profitability is the operating profit in the year’s annual report
divided by the book value of equity in the same report; and quarterly profitability is the
operating profit in the most recent quarterly report divided by the book value of equity in the
previous financial report. Table 1 reports the number of listed firms with non-missing values
for each variable and the variable’s mean and median across these firms in each year between
1998 and 2014 inclusive.

preferred stock. For shareholders’ equity, they use either the value (SEQ) in Compustat, or the sum of
common equity (CEQ) plus the carrying value of preferred stock (PSTK), or the book value of assets (AT)
minus total liabilities (LT), whichever of the three is available, in that order.

Chinese listed firms started to issue quarterly financial reports in 2002. We use the data from their semi-
annual reports for the years before 2002.
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2.3. Construction of the FF Factors in China

We follow Fama and French (1993, 2015) to construct the five FF factors for the Chinese
stock market. The monthly return of the market factor (Rm-Rf) is equal to the value-weighted
monthly return of all A-shares that have returns in the CSMAR database, minus the risk-free
rate of return. We use the tradable market value of each firm at the end of the previous month
as the portfolio weight. The risk-free rate of return is the 3-month RMB deposit rates provided
by the Industrial and Commercial Bank of China.’

The other four factors, SMB (small minus big, ‘size’), HML (high minus low, ‘value’),
RMW (robust minus weak, ‘profitability’), and CMA (conservative minus aggressive,
‘investment’), are constructed by three separate 2x3 sorts as follows. All Chinese A-shares
listed on the SSE and the SZE (including the A-shares listed on the SME and ChiNext boards)
are used in the determination of portfolio breakpoints.

At the end of June each year, we sort firms into two size groups by using the median of
the total market value of all Chinese A-shares as the size breakpoint and then independently
sort them into three B/M groups by using the 30th and 70th percentiles of the B/M ratio of all
Chinese A-shares as the breakpoints. The intersections of the two sorts form six portfolios that
are held from the beginning of July until the end of the following June. The value factor HML
is the average of the value-weighted monthly returns of the two high B/M portfolios minus
the average of the value-weighted monthly returns of the two low B/M portfolios. We follow
the recommendation in Xu and Zhang (2014) and use the tradable market value of a firm’s A-
shares at the end of month #-/ as the weight in the calculation of value-weighted portfolio
return for month ¢. The size-related factor SMBgwm is equal to the average of the value-
weighted returns on the three small-size stock portfolios minus the average of the value-
weighted returns on the three big-size stock portfolios. We use Rm-Rf, HML, and SMBgwm in
the FF three-factor model.

Fama and French (2015) propose including the profitability factor RMW and the
investment factor CMA in addition to the three factors Rm-Rf, HML, and SMBgwm. We follow
their methodology to construct the RMW and CMA factors for the Chinese stock market. In
fact, the RMW and CMA factors are constructed in the same way as HML except that the
second sort is by annual profitability or annual investment, respectively. Another two size-
related factors, SMBpro and SMBinv, are obtained by using profitability and investment,
respectively, in place of the B/M ratio in the 2x3 sorts. The size factor SMB in the FF five-
factor model is equal to the average of the three size-related factors, SMBgwm, SMBpro, and
SMBy.

° The risk-free rate of return that is available from the CSMAR database is based on the one-year fixed-term
deposit rate or the one-year treasury note issued by the Chinese Government. We choose the 3-month
deposit rate to go along with monthly returns in our study. We cannot find a long series of a market-based
interest rate, such as the Shanghai Interbank Borrowing Rate (SHIBOR), that covers the whole period of
our study.



The Profitability and Investment Factors in the Chinese Stock Market 11

2.4. Construction of the HXZ Factors for China

Hou, Xue, and Zhang (2015) propose a four-factor model that includes the market factor,
a size factor, a profitability factor, and an investment factor. Their profitability and investment
factors are based on a procedure that is different from that used in Fama and French (2015).
To construct the HXZ factors, we follow their procedure by sorting the firms according to size,
quarterly profitability, and annual investment independently. For each year, we sort firms into
two size groups at the end of June using the median of the total market value as the size
breakpoint and independently sort firms into three investment groups using the 30th and 70th
percentiles of the previous year’s investment as the two breakpoints. The size and investment
groups remain the same from the beginning of July to the end of June the following year. On
the other hand, we form three profitability groups at the end of each month using the 30th and
70th percentiles of the quarterly profitability as the two breakpoints.

At the end of each month, the intersections of the two size groups, the three investment
groups, and the three profitability groups form 18 portfolios. We hold the portfolios for one
month and calculate the monthly value-weighted returns on these portfolios by using the
tradable market value of each A-share as the weight. The size factor ME is the average of the
value-weighted returns on the nine small-size stock portfolios minus the average of the value-
weighted returns on the nine big-size stock portfolios. The investment factor INV is the
average of the value-weighted returns on the six low-investment stock portfolios minus the
average of the value-weighted returns on the six high-investment stock portfolios. The
profitability factor ROE is the average of the value-weighted returns on the six high-
profitability stock portfolios minus the average of the value-weighted returns on the six low-
profitability stock portfolios.

To sum up, we list the composition of the five FF factors and the four HXZ factors in
Table 2. There are a few differences between the two sets of factors. First, Fama and French
(2015) use annual profitability, while Hou, Xue, and Zhang (2015) use quarterly profitability.
Second, Fama and French (2015) form portfolios once in a year, while Hou, Xue, and Zhang
(2015) form portfolios on a monthly basis. Third, the FF size factor SMB uses three 2x3 sorts
and involves all of the four characteristics: size, B/M ratio, profitability, and investment. The
other three FF factors, HML, RMW, and CMA, are formed by a single 2x3 sort on two
characteristics. The three HXZ factors, ME, ROE, and INV, use the 2x3x3 sort on size,
profitability, and investment.

Table 3 reports descriptive statistics on the number of stocks in each of the portfolios
underpinning the formation of these factors. For each portfolio, we count the number of stocks
in each month and calculate the average, the median, the minimum, and the maximum of the
number of stocks over the 198 months between July 1999 and December 2015 inclusive. Panel
A reports these statistics for the five FF factors, while Panel B reports these statistics for the
four HXZ factors. Because the five FF factors are built by 2x3 sorts and the four HXZ factors
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by 2x3x3 sorts, the portfolios underpinning the five FF factors tend to have a larger number
of stocks than the portfolios for the four HXZ factors. The minimum number of stocks in a
portfolio is 69 for the FF factors but only five for the HXZ factors.

Table 2 Variable Definitions and Factor Composition

This table gives definitions of the variables and the composition of each factor. To construct the FF factors,
at the end of June each year, we sort firms into two size groups and independently sort them into three B/M
groups. The intersections of the two groups form six portfolios that are held from the beginning of July until
the end of the following June. The six portfolios are labelled SL, SM, SH, BL, BM, and BH, where S stands
for small size, B for big size, and L, M, and H for low, medium, and high B/M ratio, respectively. The value
factor HML is the average of the value-weighted monthly returns on the two high B/M portfolios minus the
average of the value-weighted returns on the two low B/M portfolios. Thus, the composition for HML is
(SH+BH)/2 — (SL+BL)/2. Similarly, we form six portfolios by independent sorts on size and profitability, and
the FF profitability factor is (SR+BR)/2 — (SW+BW)/2, where R and W stand for high and low profitability,
respectively. We form another six portfolios by independent sorts on size and investment, and the FF
investment factor is (SC+BC)/2 — (SA+BA)/2, where C and A stand for conservative and aggressive
investment, respectively.

To construct the HXZ factors, at the end of June each year, we sort firms into two size groups and
independently sort firms into three investment groups. The size and investment groups remain the same from
the beginning of July to the end of June the following year. On the other hand, we form three profitability
groups at the end of each month. At the end of each month, the intersections of the two size groups, the three
investment groups, and the three profitability groups form 18 portfolios. The label SRC stands for the
portfolio of small-size, high-profitability, and low-investment firms; the label SMC for the portfolio of small-
size, medium-profitability, and low-investment firms; the label BWA for the portfolio of big-size, low-
profitability, and high-investment firms; and so on.

Variable definition Factor composition

Panel A: Five FF factors
Rm-Rf Monthly return of a market portfolio that Rm-Rf = (Rm - Rf)
includes only tradable A-shares minus the
monthly return on 3-month bank deposit
Size Total market value of outstanding A-shares SMB = [(SL + SM + SH)/3 + (SR + SM
+ SW)/3 + (SC + SM + SA)/3])/3 — [(BL
+BM + BH)/3 + (BR + BM + BW)/3 +
(BC + BM + BA)/3]/3
Value B/M ratio calculated as book equity per share HML = (SH + BH)/2 — (SL + BL)/2
divided by the A-share price
Profitability Operating profit divided by the same year’s RMW = (SR + BR)/2 — (SW + BW)/2
book value of equity

Investment  Annual rate of growth in total assets CMA = (SC+BC)/2 - (SA+BA)/2
Panel B: Four HXZ factors
Rm-Rf Monthly return of a market portfolio that Rm-Rf = (Rm - Rf)

includes only tradable A-shares minus the
monthly return on 3-month bank deposit
Size Total market value of outstanding A-shares ME =[ (SRC + SRM + SRA)/3 +
(SMC + SMM + SMA)/3 + (SWC +
SWM + SWA)/3] /3 —[ (BRC + BRM +
BRA)/3 + (BMC + BMM + BMA)/3 +

(BWC + BWM + BWA)/3]/3
Profitability Operating profit divided by the previous ROE = [(SRC + SRM + SRA)/3 +
quarter’s book value of equity (BRC + BRM + BRA)/3 1/2 - [(SWC +
SWM + SWA)/3 + (BWC + BWM +
BWA)/3 ]2
Investment  Annual rate of growth in total assets INV =[(SRC + SMC + SWC)/3 +

(BRC + BMC + BWC)/3 ]/2 - [(SRA +
SMA+ SWA)/3 + (BRA + BMA +
BWA)/3 12
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Table 3 Statistics on the Size of the Portfolios in the Formation of the Five FF Factors
and the Four HXZ Factors

Panel A reports descriptive statistics on the number of stocks in each of the portfolios underpinning the
formation of the five FF factors, while Panel B reports descriptive statistics concerning the four HXZ factors.
We count the number of stocks in each month and calculate the statistics over the 198 months between July
1999 and December 2015 inclusive.

Panel A: Size of the portfolios in the formation of the five FF factors

To construct the FF factors, at the end of June each year, we sort firms into two size groups and independently
sort them into three B/M groups. The intersections of the two groups form six portfolios that are held from
the beginning of July until the end of the following June. The six portfolios are labelled SL, SM, SH, BL,
BM, and BH, where S stands for small size, B for big size, and L, M, and H for low, medium, and high B/M
ratio, respectively. Similarly, we form six portfolios by independent sorts on size and profitability and label
them SW, SM, SR, BW, BM, and BR, where W, M, and R stand for low, medium, and high profitability,
respectively. We form another six portfolios by independent sorts on size and investment and label them SC,
SM, SA, BC, BM, and BA, where C and A stand for conservative and aggressive investment, respectively,
and M stands for the middle investment group.

Small size (S) B/M ratio (L, M, H) Profitability (W, M, R) | Investment (C, M, A)
SL SM SH SW SM SR SC SM SA

Average # of 204 306 200 300 308 121 263 267 150
stocks

Median 192 258 211 276 263 109 249 254 139
Minimum 122 182 103 157 175 69 132 149 89

Maximum 305 518 351 482 528 204 437 459 255
Big size (B) B/M ratio (L, M, H) Profitability (W, M, R) | Investment (C, M, A)

BL BM BH BW BM BR BC BM BA
Average # of 231 277 239 143 290 328 152 292 270
stocks

Median 231 252 214 122 259 291 134 272 252
Minimum 124 146 142 78 154 170 84 137 127
Maximum 402 429 388 240 463 535 256 467 450

Panel B: Size of the portfolios in the formation of the four HXZ factors

To construct the HXZ factors, at the end of June each year, we sort firms into two size groups and
independently sort firms into three investment groups. The size and investment groups remain the same from
the beginning of July to the end of June the following year. On the other hand, we form three profitability
groups at the end of each month. At the end of each month, the intersections of the two size groups, the three
investment groups, and the three profitability groups form 18 portfolios. The label SRC stands for the
portfolio of small-size, high-profitability, and low-investment firms; the label SMC for the portfolio of small-
size, medium-profitability, and low-investment firms; the label BWA for the portfolio of big-size, low-
profitability, and high-investment firms; and so on.

Small size (S)  Low profitability (W) | Medium profitability (M) | High profitability (R)
SWC SWM SWA | SMC SMM SMA | SRC SRM SRA

Average # of

stocks 136 96 45 78 119 65 31 48 36
Median 132 90 43 69 109 63 29 41 35
Minimum 62 48 13 29 50 33 12 19 21
Maximum 233 153 92 158 236 115 61 88 56

Big size (B) Low profitability (W) | Medium profitability (M) | High profitability (R)
BWC BWM BWA | BMC BMM BMA | BRC BRM BRA

Average # of 52 57 41 57 115 95 40 117 132
stocks

Median 47 55 33 51 112 87 36 103 132
Minimum 28 23 5 22 55 38 10 36 42

Maximum 89 111 93 105 193 166 77 205 244
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lll. Empirical Results
3.1 Descriptive Statistics of All Factors

We study the monthly returns of the five FF factors and the four HXZ factors between
July 1999 and December 2015. Panel A of Table 4 shows the mean monthly return, the
standard deviation, the t-statistic of testing the null hypothesis of zero mean, the Sharpe ratio,
and the cumulative wealth. The Sharpe ratio is equal to the mean divided by the standard
deviation. Cumulative wealth is equal to the amount in RMB Yuan obtained by investing one
RMB Yuan at the end of June 1999 and compounding at the monthly factor returns until the
end of December 2015.

Table 4 Descriptive Statistics of All Factors

This table shows the descriptive statistics and correlation of all the factors under study. Section 2 describes
how the five FF factors and the four HXZ factors are constructed for the Chinese stock market. Panel A
reports summary statistics of monthly returns on these factors, including the mean, the standard deviation,
and the t-statistic of monthly returns over the 198 months between July 1999 and December 2015. Sharpe
ratio is equal to the mean divided by the standard deviation. Cumulative wealth is equal to the amount in
RMB Yuan obtained by investing one RMB Yuan at the end of June 1999 and compounding at the monthly
factor returns until the end of December 2015. Panel B reports the Spearman rank correlation coefficients
between each pair of these factors.

Rm-Rf SMB HML RMW CMA ME ROE INV
Panel A: Descriptive statistics
# of Observations 198 198 198 198 198 198 198 198

Mean 0.82 0.93 0.24 0.12 -0.06 1.13 0.74 0.20
Standard 8.45 4.55 3.57 3.57 2.12 3.98 3.49 1.69
Deviation

t-statistics (1.37)  (2.87) (0.93) (0.49) (-0.42) (4.00) (3.00) (1.68)
Sharpe Ratio 0.10 0.20 0.07 0.03 -0.03 0.28 0.21 0.12
Cumulative 2.50 5.08 1.41 1.13 0.84 7.92 3.86 1.45
Wealth

Panel B: Spearman rank correlation coefficients

Rm-Rf 1.00 0.15 0.13 -0.41 0.18 0.12 -0.30 0.10
SMB 1.00 -0.36 -0.74 0.52 0.98 -0.70 0.26
HML 1.00 -0.05 0.30 -0.42 0.00 0.37
RMW 1.00 -0.77  -0.66 0.87 -0.48
CMA 1.00 0.42 -0.65 0.86
ME 1.00 -0.59 0.22
ROE 1.00 -0.28
INV 1.00

We have a few observations. First, out of the five FF factors, the size factor SMB is the
only one that has a significant mean of monthly returns. The mean return on SMB is 0.93%

per month, which is statistically significant with a t-statistic of 2.87. The market factor Rm-
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Rf has a large mean monthly return of 0.82%; however, this return is insignificant because of
the high standard deviation of 8.45%. The average monthly returns on the value factor HML
and the profitability factor RMW are 0.24% and 0.12%, respectively, which are small in
magnitude and statistically insignificant. The investment factor CMA has a negative mean
return of -0.06%.'° In a contemporaneous paper, Hu et al. (2019) use historical stock returns
of Chinese listed firms from a different commercial data vendor and find that neither the
market factor nor the value factor HML earns average monthly excess returns that are
significantly different from zero. Guo et al. (2017) and Liu et al. (2018) also report evidence
that the FF investment factor CMA does not play a significant role in explaining Chinese stock
returns.

Second, the size factor ME and the profitability factor ROE proposed by Hou, Xue, and
Zhang (2015) have large and statistically significant average returns of 1.13% and 0.74%,
respectively. The investment factor INV has a positive mean return of 0.20%, which is small
compared to the other HXZ factors and statistically insignificant. Both the FF investment
factor CMA and the HXZ investment factor INV do not have significant returns, suggesting

that the cross-sectional variation in Chinese stock returns is unrelated to firm investment.

Figure 1 Cumulative Wealth of the Five FF Factors

This figure plots the monthly series of the amount that is obtained by investing one RMB Yuan at the end of
June 1999 and compounding at the monthly returns on each of the five FF factors until the end of December
2015.
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10 This is in sharp contrast to the finding in Fama and French (2015) that the investment factor earns positive
and statistically significant average returns in the US.
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Third, the cumulative values of the buy-and-hold strategy over the period between July
1999 and December 2015 are consistent with the mean monthly returns. The size factor ME
grows from a one RMB Yuan investment at the end of June 1999 to the amount of 7.92 RMB
Yuan at the end of December 2015, thereby creating a great deal of wealth for investors. The
market factor lags behind with a cumulative value of only 2.50 RMB Yuan at the end of
December 2015. SMB and ROE have the second and third highest cumulative values, 5.08
Yuan and 3.86 Yuan, respectively. Figure 1 shows the time-series plots of the cumulated values
for the five FF factors. Figure 2 shows the time-series plots of the cumulative values for the
four HXZ factors. There are large swings in the cumulative value of the market factor Rm-Rf;
which is consistent with the large standard deviation of market returns. The two size factors,
SMB and ME, show steady growth in portfolio value over time. The cumulative values for
RMW, CMA, and INV are almost flat throughout the period.

Figure2 Cumulative Wealth of the Four HXZ Factors

This figure plots the monthly series of the amount that is obtained by investing one RMB Yuan at the end of
June 1999 and compounding at the monthly returns on each of the four HXZ factors until the end of December
2015.
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Lastly, Panel B of Table 4 reports the Spearman rank correlation coefficients between
these factors’ monthly returns. The market factor Rm-Rf has a low level of correlation with
the other factors. This is not surprising because the other factors are designed to remove
market influence given long-short portfolios. Several factor pairs, such as the SMB and ME
pair, the RMW and ROE pair, and the CMA and INV pair, have very large correlation
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coefficients, more than 0.8. Although the two factors in each pair are constructed differently
by Fama and French (2015) and Hou, Xue, and Zhang (2015), they capture the effect of the
same firm characteristic on stock return. The value factor HML does not have a counterpart
in the HXZ four-factor model and has relatively low correlation with all the other factors. The
profitability factor RMW is significantly correlated with all the other factors except for the
value factor HML.

3.2. Spanning Regression for Each Factor

Fama and French (2015) find that the value factor HML can be explained by the other
factors in the spanning regressions for US stock returns. In this section, we run spanning
regressions to examine to what extent one factor can be explained by the other factors in the
Chinese stock market. Table 5 shows the results from these spanning regressions and reports
the coefficients from each regression in the same row with the associated t-statistics in the
row below. All regressions are estimated with 198 monthly observations between July 1999
and December 2015. Panel A reports results from using four factors in the FF five-factor
model to explain the fifth. The intercept is highly significant in the spanning regressions for
the market factor Rm-Rf, the size factor SMB, the value factor HML, and the profitability
factor RMW, suggesting that these factors’ returns cannot be fully explained by the other FF
factors. The intercept is insignificant in the spanning regression for the investment factor
CMA, which is not surprising given the small and insignificant mean of CMA’s monthly

returns.

Table 5 Spanning Regression for Each Factor

The table shows the results from spanning regressions that tell us to what extent each factor can be explained
by other factors in the Chinese stock market. The construction of these factors is described in detail in Section
2. Each row reports the coefficients from one regression and the t-statistics in parentheses. The sample period
is from July 1999 to December 2015.

Panel A: Using four factors in the FF five-factor model to price the fifth

Dependent Intercept Rm-Rf SMB HML RMW CMA R? Adj. R?

Rm-Rf 1.42%% 0.53%F 028 2.31%kk ] 85%xx 0202 0277
(2.50) (-2.58)  (-1.41)  (-7.97) (-4.37)

SMB 1.23%%% _0,06%* L0.52%%% _0.93%** (2] 0715 0.709
(6.99)  (-2.58) (-934)  (-9.97)  (1.39)

HML 0.84%%% 0.04  -0.60%** 0.12 0.99%** 0468  0.457
4.15)  (141) (-9.34) (-0.95)  (6.80)

RMW 0.51%%% 0. 11%*%% 037+ _0.04 0.80%** 0816  0.812
(431)  (-7.97) (-9.97) (-0.95) (-10.44)

CMA 20.06  -0.05%%* 0.05 0.19%%% (. 45%** 0.705  0.699

(-0.62) (-437)  (1.39)  (6.80) (-10.44)
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Panel B: Using three factors in the HXZ four-factor model to price the fourth

Dependent  Intercept  Rm-Rf ME ROE INV R? Adj. R?

Rm-Rf 1.64%* -0.19 -0.84%** (.14 0.097 0.083
(2.47) (-1.08) (405  (0.39)

ME 1.62%%* -0.03 -0.67*%**  0.16 0.352 0.342
6.72)  (-1.08) (938)  (L.11)

ROE 1.40%** -0.09%** -0.46%** -0.28%* 0416 0.407
(7.03)  (-4.05)  (-9.38) (-2.40)

INV 0.23* 0.01 0.04 -0.10** 0.083 0.069
(1.70) (0.39) (L11)  (-2.40)

Panel C: Using the five FF factors to price each HXZ factor

Dependent Intercept Rm-Rf SMB  HML RMW CMA R?  Adj.R?

ME 0.25%** .00 0.93%*% 002  0.08**  -0.13** 0972 0972
(4.68)  (023) (4726) (-0.83) (2.51)  (-3.04)

INV 0.72%%* 0.03  -0.10*  -0.03  0.85%%* (.13 0.765  0.759
(525)  (1.51) (-1.90)  (-0.73) (10.59)  (1.27)

ROE 0.22%%%  0.02%% -0.01 0.00  0.23%* 097+ (0823  0.818

(3.90)  (2.57) (-1.90)  (0.21) (6.96)  (21.94)

Panel D: Using the four HXZ factors to price each FF factor

Dependent Intercept Rm-Rf ME ROE INV R? Adj. R?

SMB -0.02 -0.01 0.99%*% (. 24%** 0.05** 0.984 0.984
(-048)  (-125)  (7730)  (-15.47) (2.13)

HML 0.88%** 0.04 -0.60%*** 0. 25%** 0.95%**  0.458 0.447
(3.99) (1.54)  (-10.18)  (-3.49) (8.09)

RMW 0.04 -0.07***  -0.20%** 0.63***  -0.501***  0.871 0.868
(037)  (-637)  (-688)  (1832)  (-8.94)

CMA -0.03 -0.01* 0.00 -0.28%** 0.92%** 0919 0.917

(-0.56)  (-6.37)  (-035) (-17.23)  (34.33)

Note: *** ** and * indicate significance at the 1%, 5%, and 10% levels, respectively.

Panel B reports the results from using three factors in the HXZ four-factor model to
explain the fourth. The intercept is highly significant in the regressions for the market factor
Rm-Rf, the size factor ME, and the profitability factor ROE, suggesting that their returns
cannot be fully explained by the other HXZ factors. The intercept in the regression for the
investment factor INV is insignificant.

Panel C reports the results from using the five FF factors to explain three HXZ factors:
ME, ROE, and INV. It turns out that all three intercepts are statistically significant. Panel D
reports the results from using the four HXZ factors to explain four FF factors: SMB, HML,
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RMW, and CMA. HML is the only factor that has a significant intercept. SMB, RMW, and
CMA can be explained by the HXZ four-factor model.

In summary, the two investment factors CMA and INV can be explained by other factors.
The four HXZ factors can explain the size factor SMB and the profitability factor RMW, but
not the value factor HML. The five FF factors cannot explain ROE and ME. In the next section,
we try to identify a parsimonious factor model for the Chinese stock returns that is comprised

of the above factors.
3.3 Comparing Factor Models according to Conventional Metrics

In this section, we apply several conventional metrics in the finance literature to evaluate
the performance of factor models that are built on the five FF factors and the four HXZ factors
in explaining Chinese stock returns. We follow the methodology in Fama and French (2015)
to construct three sets of test assets, each of which consists of 25 portfolios. The first set is
constructed by sorting firms by size and B/M ratio. At the end of each June, we sort all Chinese
A-shares into five quintiles by their total market value and independently sort A-shares into
five quintiles by B/M ratio. The intersections of the two sorts form 25 size-B/M value-
weighted portfolios. The second and third sets of portfolios are constructed in the same way
except that the second sort is by annual profitability or annual investment, respectively. The
portfolios are held from the beginning of July until the end of the following June. We follow
Xu and Zhang (2014) and use all Chinese A-shares listed on the SSE and SZE (including the
shares on the SME and ChiNext boards) in the determination of portfolio breakpoints and use
the total value of a firm’s tradable A-shares as the portfolio weight in the calculation of value-
weighted portfolio return. The monthly excess return on each portfolio is equal to its value-
weighted return minus the risk-free rate.

Table 6 reports the average of the monthly excess returns on test portfolios from July
1999 to December 2015 in three panels. Panel A is for the set of 25 size-B/M portfolios, Panel
B for the set of 25 size-profitability portfolios, and Panel C for the set of 25 size-investment
portfolios. We observe strong cross-sectional differences associated with both size and B/M
ratio in Panel A. Small-size stocks earn substantially higher returns than big-size stocks, and
high-B/M stocks earn higher returns than small-B/M stocks. The return difference between
small-size stocks and big-size stocks is greater than that between value stocks and growth
stocks. The size effect is also strong in both panels B and C. There is some evidence for the
profitability effect in Panel B: that is, high-profitability stocks earn higher returns than low-
profitability stocks. However, the profitability effect does not seem to exist in the smallest
size quintile. Panel C does not show any evidence of an investment effect.

Our objective is to identify a parsimonious factor model that provides an adequate
explanation of time-series and cross-sectional variation in these test assets’ monthly returns.
We run time-series regressions of each portfolio’s monthly excess returns on the pricing

factors and evaluate the performance of each model according to four conventional metrics.
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Table 6 Mean Monthly Excess Return on Test Portfolios

We construct three sets of 25 portfolios by following the methodology in Fama and French (2015). The first
set is constructed by sorting on the basis of size and B/M ratio. At the end of each June, we sort all Chinese
A-shares into five quintiles by market cap and independently sort stocks into five quintiles by B/M ratio. We
calculate market cap as the total number of outstanding A-shares multiplied by its June closing price. We
calculate the B/M ratio at the end of June in year ¢ as the book value of equity per share for year #-/ divided
by the A-share closing price at the end of December in year z-1. The intersections of the two groups form 25
size-B/M value-weighted portfolios. The second set is constructed in the same way except for the second sort,
which is on profitability. We measure profitability by the annual operating profit divided by the book value
of equity in year -/ (OP/BE). The third set is again constructed in the same way except for the second sort,
which is on investment. We calculate investment in year ¢-/ as the total assets at the end of year #-/ divided
by the total assets at the end of year #-2, minus 1.

The portfolios are held from the beginning of July until the end of the following June. The monthly excess
return on each portfolio is equal to its value-weighted return minus the risk-free rate of return. We use the
total value of a firm’s tradable A-shares as the portfolio weight in the calculation of value-weighted portfolio
return. The table below reports the average of the monthly excess returns on each portfolio from July 1999 to
December 2015.

Panel A: 25 Size-B/M Portfolios

Size Low BM2 BM3 BM4 High
B/M ratio B/M ratio

Small 1.67 2.04 2.17 2.12 2.10

2 1.48 1.65 1.54 1.67 1.63

3 1.09 1.27 1.25 1.32 1.38

4 1.00 1.00 1.17 1.01 1.21

Big 0.24 0.54 0.59 0.90 0.83

Panel B: 25 Size-Profitability Portfolios

Size LOW, ] Pro2 Pro3 Pro4 ngh_ )
Profitability Profitability

Small 1.96 2.04 2.07 2.01 1.99

2 1.27 1.57 1.74 1.84 1.72

3 1.03 1.13 1.39 1.63 1.29

4 0.90 0.88 1.04 1.32 1.21

Big 0.35 0.47 0.59 0.77 0.67

Panel C: 25 Size-Investment Portfolios

Size Low Inv2 Inv3 Inv4 High
Investment Investment

Small 1.86 2.04 2.16 2.08 1.91

2 1.50 1.60 1.63 1.62 1.55

3 1.07 1.19 1.28 1.36 1.44

4 0.95 0.97 1.13 1.06 1.35

Big 0.79 0.64 0.62 0.50 0.68

First, the GRS statistic proposed by Gibbons, Ross, and Shanken (1989) tests the null
hypothesis that the intercepts (i.e. alphas) for the 25 LHS portfolios in the same set are all
equal to zero. A large GRS statistic rejects the null hypothesis and suggests that the model

does not adequately explain portfolio returns. Second, the average of the absolute value of
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alphas across the 25 LHS portfolios, Avg]ai|, shows the magnitude of the unexplained return.
Third, the ratio of the dispersion of alphas to the dispersion of mean returns, Da/Dy, indicates
the unexplained proportion of return dispersion across the 25 LHS portfolios.!! The
dispersion of alphas, D,, is the average of the absolute deviation of each portfolio’s alpha from
the mean of all 25 portfolios’ alphas. A portfolio’s mean return is equal to the time-series
average of a portfolio’s monthly excess returns between July 1999 and December 2015. The
dispersion of mean returns, Dy, is the average of the absolute deviation of each portfolio’s
mean return from the mean of all 25 portfolios’ time-series means. A large Da/D, ratio suggests
that the model does not provide an adequate explanation of the cross-sectional variation in
portfolio returns. Fourth, the average of the regression R? across the 25 LHS portfolios,
Avg(R?), measures the proportion of the time-series variation that is explained by a model.
The first three metrics prefer a model with a smaller value, while the fourth metric prefers a
larger value.

We consider 12 factor models that represent different combinations of the five FF factors
and the four HXZ factors. The first six models are comprised of the five FF factors; for models
1 to 5, each includes a different subset of the five FF factors, while Model 6 is the full FF
five-factor model. The next four models are comprised of the four HXZ factors; for models 7
to 9, each includes a different subset of the four HXZ factors, while Model 10 is the full HXZ
four-factor model. The other two models are the mixture of the FF factors and the HXZ factors;
Model 11 includes two FF factors, Rm-Rf and HML, and two HXZ factors, ME and ROE,
while Model 12 includes the HXZ factor INV in addition to the factors in Model 11.

Table 7 reports the statistics on these models’ performance in explaining the monthly

excess returns of the 25 portfolios in each set. In Table 7, Panel A is for the set of 25 portfolios
sorted by size and B/M ratio, Panel B is for the set of 25 portfolios sorted by size and
profitability, and Panel C is for the set of 25 portfolios sorted by size and investment.
We have the following observations in regard to Table 7. First, the four metrics do not agree
on a single model that should be chosen for Chinese stock returns. In other words, we cannot
find a single model that is associated with the best value of all four metrics. For the 25 size-
B/M portfolios in Panel A, Model 3 has the lowest GRS statistic and the lowest Avg|ai|, Model
2 has the lowest D./Dy, and the FF five-factor model (i.e. Model 6) has the highest Avg(R?).
For the 25 size-profitability portfolios in Panel B, Model 5 has the lowest GRS statistic, the
lowest Avglai|, and the lowest D,/D;, while the FF five-factor model (i.e. Model 6) has the
highest Avg(R?). For the 25 size-investment portfolios in Panel C, Model 3 has the lowest
GRS statistic, the lowest Avg|ai|, and the lowest D,/Dy, while the FF five-factor model (i.e.
Model 6) has the highest Avg(R?).

1 Fama and French (2015) use the ratio Avg|a;|/Avg|7;|, which essentially gives the same ranking as Avglai|.
Also, the arithmetic average of the alphas of the 25 portfolios is small in magnitude in the US, but it is not
small in China. Hence, we choose to subtract the average from each regression alpha in calculating the
ratio of the dispersion of alphas (i.e. Da) to the dispersion of mean returns (i.e. Dr).
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Table 7 Comparing Factor Models Based on Conventional Metrics

We construct three sets of 25 portfolios by following the methodology in Fama and French (2015). The first
set is constructed by sorting on size and B/M ratio, the second set by sorting on size and profitability, and the
third set by sorting on size and investment. Table 6 provides details about the constructions of these portfolios.
We compare 12 models that build on the five FF factors and the four HXZ factors for the Chinese stock
market. Section 2 describes how the five FF factors and the four HXZ factors are constructed for the Chinese
stock market. We measure the performance of each model in explaining these portfolios’ monthly excess
returns according to four conventional metrics. First, the GRS statistic proposed by Gibbons, Ross, and
Shanken (1989) tests the null hypothesis that, for the 25 left-hand-side (LHS) portfolios in a given set, the
intercepts from time series regressions of monthly excess returns on a model’s factors are all equal to zero.
Second, the average of the absolute value of the intercepts (i.e. alphas) across the 25 LHS portfolios, Avg|ai|,
shows the magnitude of the unexplained return. Third, the ratio of the dispersion of alphas to the dispersion
of mean returns, Da/Dr, indicates the unexplained proportion of return dispersion across 25 LHS portfolios.
The dispersion of alphas, D, is the average of the absolute deviation of each portfolio’s alpha from the mean
of all 25 portfolios’ alphas. A portfolio’s mean return is equal to the time-series average of a portfolio’s
monthly excess returns between July 1999 and December 2015. The dispersion of mean returns, Dy, is the
average of the absolute deviation of each portfolio’s mean return from the mean of all 25 portfolios’ time-
series means. Fourth, the average of the regression R? across the 25 LHS portfolios, Avg(R?), measures the
proportion of time-series return variation that is explained by a model. The first three metrics prefer a model
with a smaller value, while the fourth metric prefers a larger value.

Panel A: 25 Size-B/M Portfolios

Id Model GRS p-value Avglaj DJ/D:r Avg(R?)
1 Rm-Rf SMB 2.324  0.001 0.261  0.563 93.88
2  Rm-Rf SMB HML 2.167  0.002 0.207  0.401 95.51
3 Rm-Rf SMB HML RMW 1.519  0.064 0.197 0.473 95.58
4 Rm-Rf SMB HML CMA 1.695  0.027 0.214 0.463 95.58
5 Rm-Rf SMB RMW CMA 2.240  0.001 0349 0.846  94.65
6 Rm-Rf SMB HML RMW CMA 1544 0.057 0202 0480  95.62
7 Rm-Rf ME 3.470  0.000 0.445  0.707 93.28
8 Rm-Rf ME ROE 2.582  0.000 0.456 1.096  93.82
9 Rm-Rf ME INV 3.423  0.000 0.444  0.667 93.85
10 Rm-Rf ME ROE INV 2.566  0.000 0.399  0.948 94.26
11 Rm-Rf ME ROE HML 1.760  0.019 0.288  0.601 95.20
12 Rm-Rf ME ROE HML INV 1.858  0.012 0.289 0.610 9525
Panel B: 25 Size-Profitability Portfolios

Id Model GRS p-value Avgla|i DuJ/Dr Avg(R?)
1 Rm-Rf SMB 2.550  0.000 0298 0.719  94.14
2 Rm-Rf SMB HML 3.359  0.000 0.347 0.810  94.42
3 Rm-Rf SMB HML RMW 1.694  0.027 0.180  0.409  94.99
4 Rm-Rf SMB HML CMA 2.601  0.000 0290 0.678  94.67
5 Rm-Rf SMB RMW CMA 1.549  0.056 0.175  0.401 95.00
6 Rm-Rf SMB HML RMW CMA 1.775 0.018 0.184 0420  95.04
7 Rm-Rf ME 2.833  0.000 0263 0.802 9347
8 Rm-Rf ME ROE 1.822 0.014 0236 0499  94.19
9 Rm-Rf ME INV 3.155  0.000 0.447 0.766  93.81
10 Rm-Rf ME ROE INV 1.708  0.025 0.250 0.483 94.41
11 Rm-Rf ME ROE HML 1.791  0.017 0.279 0510 94.32
12 Rm-Rf ME ROE HML INV 1.797  0.016 0274 0.513 94.46
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Panel C: 25 Size-Investment Portfolios

Id Model GRS p-value Avglai DJ/D:r Avg(R?)
1 Rm-Rf SMB 1.667  0.031 0.195 0.440  95.02
2 Rm-Rf SMB HML 2.015  0.005 0214 0.461 95.33
3 Rm-Rf SMB HML RMW 0911  0.590 0.176  0.423 95.53
4 Rm-Rf SMB HML CMA 1.519  0.004 0216  0.492  95.63
5 Rm-Rf SMB RMW CMA 1.165 0.279 0.176  0.426  95.64
6 Rm-Rf SMB HML RMW CMA 1.142 0.302 0.183 0.442  95.72
7 Rm-Rf ME 2.890  0.000 0410 0.624  94.31
8 Rm-Rf ME ROE 1.541  0.058 0266 0.616  94.86
9 Rm-Rf ME INV 2.978  0.000 0420 0.635  94.78
10 Rm-Rf ME ROE INV 1.415  0.103 0246 0.562  95.24
11 Rm-Rf ME ROE HML 1.458  0.085 0.269 0.593 95.10
12 Rm-Rf ME ROE HML INV 1.459  0.085 0269 0.602  95.34

Second, the models that are associated with the best value of some metrics are not
satisfactory in view of the factor returns in Table 4. The profitability factor RMW does not
have a significant mean return and yet appears in the best models in all three panels of Table
7. The investment factor CMA has a negative mean return but appears in the best models in
both panels B and C.

Third, although these metrics do not seem to do particularly well in choosing the best
models, they provide some useful guidance on selecting factors. For example, comparing
Model 2 with Model 1 in Panel A, it is clear that adding HML improves all four metrics
substantially: Avglai| goes down from 0.261 to 0.207, Da/D; goes down from 0.563 to 0.401,
and Avg(R?) increases from 93.88 to 95.51. This suggests that HML plays an important role
in explaining Chinese stock returns. Similarly, although RMW does not have a significant
mean return, having RMW makes a model perform better under some metrics. The HXZ
profitability factor ROE has a significant mean return and also improves model performance
under some metrics. Adding the investment factors CMA and INV in a model has mixed
consequences: it has a positive effect under some metrics but a negative effect under other
metrics.

In summary, the evidence in Table 7 does not point to a clear winner among the
competing models. To address this issue, we consider an alternative criterion for model

selection in the next section.
3.4 Comparing Factor Models according to the Maximum Sharpe Ratio

Section 3.3 shows that the conventional metrics do not help us pick a convincing winner
from the candidate models. The analyses in Barillas and Shanken (2017) and Fama and French
(2018) suggest another metric of model performance, that is, the maximum squared Sharpe

ratio. For an empirical factor pricing model, the maximum squared Sharpe ratio is the squared
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Sharpe ratio of the tangency portfolio in the investment opportunity set that is spanned by the
factors in the model. Barillas and Shanken (2017) and Fama and French (2018) argue that the
model with the highest maximum squared Sharpe ratio provides the best explanation, among
the competing models, of the expected returns on all stocks from which the factors are
constructed. The rationale is that looking for a factor model to minimise the intercepts in
return regressions is equivalent to identifying the portfolio of factors that maximises the
squared Sharpe ratio. Since factors are portfolios of stocks by construction, they fall within
the investment opportunity set spanned by all constituent stocks, as do the portfolios of factors.

Consider two models that are comprised of two different sets of factors. We calculate the
maximum Sharpe ratio of the portfolios that are comprised of the factors in each set. The set
with the higher maximum Sharpe ratio is better than the other set, and hence the factors in the
first set form a better factor model. The higher the maximum Sharpe ratio obtained by one set
of factors, the closer the efficient frontier spanned by the set of factors is to the efficient
frontier spanned by all stocks. Hence, we search for one set of factors that gives the highest
maximum Sharpe ratio.'?

For each of the 12 models described in Section 3.3, we calculate the maximum Sharpe
ratio of the portfolios that are comprised of the factors in the model. Table 8 reports the
maximum Sharpe ratio, the mean and standard deviation of the tangency portfolio that
achieves the maximum Sharpe ratio, the t-statistic for testing the null hypothesis that the
tangency portfolio’s mean return is zero, and each factor’s weight in the tangency portfolio.
Among models 1 to 6, the FF five-factor model (i.e. Model 6) has the highest maximum
Sharpe ratio. This is expected because the other models include only a subset of the five
factors and their efficient frontiers should fall within the efficient frontier spanned by Model
6. However, Model 6 is not desirable because (1) the investment factor CMA does not earn a
significant mean return, (2) the tangency portfolio takes a short position on CMA, and (3) its
maximum Sharpe ratio (0.525) is only slightly larger than the maximum Sharpe ratio of Model
3 (0.523).

The HXZ four-factor model (i.e. Model 10) has a much larger maximum Sharpe ratio
(0.603) than Model 3. Model 11 combines the market factor Rm-Rf and the value factor HML
from the FF model with the size factor ME and the profitability factor ROE from the HXZ
model and achieves a maximum Sharpe ratio of 0.688. With the addition of the investment
factor INV, Model 12 achieves a slightly higher maximum Sharpe ratio (0.690) than Model
11. An increase in the maximum Sharpe ratio is expected because adding a factor enlarges the
investment opportunity set. Despite the larger maximum Sharpe ratio, Model 12 is undesirable
for two reasons. First, Table 4 shows that INV does not earn a significant average return in
China. Second, Panel A of Table 7 shows that Model 12 does not perform better than Model
11 according to the conventional metrics.

12 We report the maximum Sharpe ratio instead of the maximum squared Sharpe ratio because the empirical
factor models under study in our research all have positive maximum Sharpe ratios.



25

The Profitability and Investment Factors in the Chinese Stock Market

ILE0 ILE0 (444 9¢0°0 6696 6€l’l G8L°0 6890 JI
ANI MIXHO" MIXHIAL VIAD MINYT TINH dNS Jy-ury

PLTO 20€°0 8¥1°0 1€C°0- 500 S A 610°0- 8€0°0 708°6 6TC'1 9680 L69°0 €1
LS0°0- S6€°0 90¥°0 0TC0 9¢0°0 c0L°6 €611 €280 0690 4!
¥8¢°0 8¢°0 661°0 Se0’0 G89°6 €SIl y6L0 8890 1T
L8T°0 IZv0 8€€°0 500 08%'8 68C'1 LLLO €090 (111
90¢°0 LT9°0 L9070 (% coL'C §T80 96C°0 6
10S°0 0Ey'0 690°0 SYT8 91 S16°0 9850 8
1060 6600 ¥60'¥ 18L°¢ 0011 16C°0 L
280°0- 80t°0 [4x4) 06€°0 500 68¢°L 7860 916°0 §Tso 9
9LT0 €S0 66C°0 €L0°0 (425 1260 8¢°0 y1v0 S
08T1°L- 96L°¢ 6CCTY SST°0 10L°S 09¢°¢T elyr's S0t°0 L4
¥0¥°0 961°0 0S¢0 1500 SSe'L 9880 €970 €S0 €
Y1¥°0 6€5°0 9t0°0 ¥09°¢ L3Y'C L€9°0 96T0 [4
1780 6S1°0 €0°¢ orcy 116°0 SIT0 !
ANI a0da AN VIND AMINA TINH dNS Jy-uy
uoneIAd(q oney adreys
$J1039€J JUININISU0I U0 SYYSIOM OI[0J)I0g anjea-) UBIA PPOIA
piepuel§ WNWIXEIA

'$89001d UOIIONIISUOD JY) UL S[GEBLIBA JUSUISIAU] Y} SUISN INOYIM MIXFOY Pue AIXHA ‘S10308) AIqeijold pue azis payjipow ay) urelqo
oM "(§107) Sueyyz pue ‘ony ‘noy wolij s1030e} Ajiqeyjoid pue 9zis payyIpow oy} pue (G1(7) Youol,] pue Bwe,] WO SI0}0B] dNJEA PUR JONIBWL O} SOPN[OUL [ | [SPOJA S[IYM ‘SI0}0B] o)
[1e sepnjour €1 [9POIA 11 [9POJAl PUE €] [OPOJA ‘S|OPOW [BUOLIPPE 0M) OPNJOUL OS[B O\ "G (T JOqUIAdd(] 01 6661 AInf woiy porad oy 10} £ S[qe, Ul Apnjs dm S[OPOW dy) JO Yoed 10
onelr odreyg wnwirxew oy} s310dar 9[qe) SIY ], ‘PIIoNNSUO A8 SI0ILY Y YIIYM WO SY0)S Y} U0 SUINIdI Pa3dadxd oy Jo ‘sjopowr Sunodwos oyy Suowe ‘uoneur[dxs 159q oy sopraoid
JLIIOW SIY}) UO dn[eA ISAYSIY oY) Sey Jey) [9poul o], ‘[OPOW USAIS © U SI00B] U} Y)IM PIAJIYOL 9q Ued Jey) ‘onel adieyS wnwixew Jy) ‘0oueuiofod [9pow JO OLIOW JOYJOU. SN A

SOI[0J)I0g 10)d%e ] Jo oney ddaeys wnwWIXeA § d[qeL



26 Hou and Zhang

In addition to the 12 models described in Section 3.3, we consider two more models.
Model 13 includes all the factors and is expected to have a larger investment opportunity set
and a higher maximum Sharpe ratio than the other 12 models. With Model 13 as the
benchmark, we can tell how much has been given up in terms of Sharpe ratio in order to obtain
a parsimonious model with the best performance.

Model 11' is a modification of Model 11. Since investment does not seem to have a
significant relation with stock returns in the Chinese stock market, we do not need to use the
investment variable in the construction of the other pricing factors. Hence, we construct the
modified size and profitability factors, MExiny and ROExuny, by following the same procedure
as in Hou, Xue, and Zhang (2015) but sorting only by size and profitability. Model 11' uses
the modified factors to replace the size and profitability factors in Model 11. Table 8 reports
the maximum Sharpe ratios of models 13 and 11'. It turns out that the performance of Model
11' is comparable to that of Model 11. The tangency portfolio of Model 11" invests 3.6% in
the market factor, 22.2% in the value factor, and 37.1% in each of the size and profitability

factors.

Figure 3 Location of Tangency Portfolios on the Mean-Standard Deviation Plot

For each of the models in Table 8, we find the tangency portfolio of the investment opportunity set that is
spanned by the factors in the model. The tangency portfolio gives the maximum Sharpe ratio that can be
achieved by the model. Each tangency portfolio is represented by one dot on the mean-standard deviation
plot. Next to the dot is the model number.

3.5

Expected Return

4.5

Standard Deviation

For each of the models in Table 8, we obtain the tangency portfolio of the investment

opportunity set that is spanned by the factors in the model. The tangency portfolio gives the
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maximum Sharpe ratio that can be achieved by the model. Figure 3 presents each tangency
portfolio by one dot on the mean-standard deviation plot and the model number next to the
dot. According to the portfolio theory, models 12 and 13 have a larger number of factors than
Model 11 and should have larger investment opportunity sets and hence larger maximum
Sharpe ratios. Figure 3 shows that Model 11' is as good as models 12 and 13 and far better

than the other models.

Table 9 The Best Model

Model 11' turns out to be the best model in Table 8. It includes the market and value factors from Fama and
French (2015) and the modified size and profitability factors from Hou, Xue, and Zhang (2015). We obtain
the modified size and profitability factors, MExmv and ROExmv, without using the investment variable in the
construction process. This table reports the statistics that are related to this model.

Panel A: Descriptive statistics of factors in the model

Rm-Rf MExinv ROExinv HML
# of months 198 198 198 198
Mean 0.82 1.15 0.74 0.24
Standard deviation 8.45 4.24 3.77 3.57
t-statistic (1.37) (3.83) (2.76) (0.94)
Sharpe ratio 0.10 0.27 0.20 0.07
Cumulative wealth 2.50 8.15 3.75 1.41
Panel B: Pricing other factors
Dependent Intercept Rm-Rf  MExmv  ROExmy HML R? Adj. R?
SMB 0.04 -0.01%**  0.93%**  _0.24%** (.01 0.991 0.991
(1.16)  (-2.67) (85.67) (-20.72) (-1.29)
RMW 0.02 -0.06%** -(0.25%** 0.64***  -0.12%** 0.877 0.874
(0.20) (-5.55) (-7.89) (18.93) (-3.85)
CMA -0.04 -0.02* 0.15%**  -(.32%** (0.24%%*%* 0.654 0.647
(-0.40) (-1.96) (4.72) (-9.41) (8.00)
INV 0.04 -0.01 0.15%**  -0.07* 0.25%** 0.342 0.328
(0.31)  (-0.94) (4.22) (-1.96) (7.46)

Note: *** ** and * indicate significance at 1%, 5%, and 10% levels, respectively.

Panel C: Conventional performance metrics
GRS p-value Avglail Da/Dr Avg(R?)

25 Size-BM Portfolios 1.792 0.016 0.283 0.632 95.66
25 Size-Pro Portfolios 1.811 0.015 0.263 0.501 94.84
25 Size-Inv Portfolios 1.397 0.111 0.261 0.593 95.54

The results in Tables 7 and 8 suggest that Model 11' is a parsimonious model with the
best performance. We present more information related to Model 11' in Table 9. Panel A
reports descriptive statistics on the four factors in Model 11'. The two modified factors, MExiny
and ROExiy,y, show statistics similar to those of ME and ROE. Panel B shows that Model 11'
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can explain the other factors, SMB, RMW, CMA, and INV, because all of the intercepts are
insignificant. Panel C presents the conventional metrics of Model 11' for the three sets of test
assets. For the set of 25 size-B/M portfolios, Model 11' is comparable with Model 11. For the
other two sets of 25 portfolios, Model 11'is clearly better than Model 11.

3.5. Two Other Time Periods

We repeat our analysis for two other time periods because of the significant market-wide
changes that have occurred in China in the past. First, financial reporting frequency has
changed from semi-annual to quarterly since 2002. The HXZ factors are based on firm
profitability in the most recent financial reports. We use semi-annual reports for years before
2002 and quarterly reports for 2002 onwards. We repeat the analysis for the period from July
2002 to December 2015. Table 10 reports the maximum Sharpe ratios for the models under
study. Overall, Model 11' is the preferred one among all the models. For this period, the
tangency portfolio of Model 11" invests 4.6% in the market factor, 19.8% in the value factor,
35.4% in the size factor, and 40.2% in the profitability factor, which is close to the tangency
portfolio between July 1999 and December 2015.

Second, we repeat the analysis for the period from July 2008 to December 2015 because
of the share structure reform. The reform started in April 2005, and most Chinese firms
completed their reform by the end of 2007. The value factor HML and the profitability factor
RMW have a negative average return over this period. The size factors SMB and ME and the
profitability factor ROE have significant positive returns. Table 11 reports the maximum
Sharpe ratios for the models under study. Even though the value factor HML has a negative
mean return, it actually has a long position in the tangency portfolios. Overall, Model 11'
remains the preferred model. The tangency portfolio of Model 11' invests 5% in the market
factor, 19.8% in the value factor, 36.2% in the size factor, and 39.0% in the profitability factor.

IV. Summary and Conclusion

We analyse Chinese stock returns over three different time periods, namely July 1999 to
December 2015, July 2002 to December 2015, and July 2008 to December 2015. For each
period, we construct the five factors in Fama and French (2015) and the four factors in Hou,
Xue, and Zhang (2015). We conduct asset pricing tests and use multiple performance metrics
to identify an empirical factor model that builds on these factors and explains the variation in
Chinese stock returns. Our main findings are as follows. First, in contrast to what Fama and
French (2015) and Hou, Xue, and Zhang (2015) discover in the US stock market, their
investment factors do not earn a significant return in the Chinese stock market. Second, the
HXZ four-factor model can explain four of the five FF factors, the exception being the value
factor. Third, three of the four HXZ factors, namely the size, profitability, and investment

factors, cannot be explained by the five FF factors. Fourth, the best performance model is
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comprised of the market factor, the FF value factor, a modified HXZ size factor, and a
modified HXZ profitability factor. Fifth, the maximum Sharpe ratio is achieved by investing
less than 5% in the market factor, about 20% in the value factor, and roughly the same
percentage in the size and profitability factors. Our findings are consistent in the three time
periods.

This study’s findings provide new evidence on the profitability and investment effects in
China and contribute to our understanding of the priced risk factors in China’s stock markets.
The four-factor model that performs the best in our analysis can serve as a useful benchmark

for future empirical analysis of Chinese stock returns.

“Open Access. This article is distributed under the terms of the Creative Commons
Attribution License which permits any use, distribution, and reproduction in any medium,
provided the original author(s) and the source are credited.”
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