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1. Abstract
China is for no doubt one of the major equity market of this world with Shanghai Stock
Exchange and Shenzhen Stock Exchange ranking world no. 5 and 8 in terms of market
capitalization. However, the academic study over Chinese stock market is very limited, for
mostly two reasons: the limitation of availability of consistent, clean data; the language
that some most useful data portal uses is Chinese. These issues placed a lot of hindrance for
international researchers to get a deep insight into Chinese stock market.
One of the most desired information for both equity researchers and institutional investors
is always the risk structure of assets. Yet because of the difficulty for obtaining good data
resource for Chinese equity market, the risk structure of Chinese stock markets has been
long wanted. The aim of this project is therefore to solve this problem by building a simple,
convenient, and intuitive research tool on Chinese stock market. Based on fundamental
factor model, the tool breaks down equity risks into multiple origins, thus providing a
powerful and insightful picture into risk structure of Chinese equities.
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2. Introduction
a. Background
Factor model as a pricing method on equity market is well-grounded in academic area.
Since early 1960s with the introduction of capital asset pricing model (CAPM),
arbitrage pricing theory (APT) in 1976, and Fama-French three factor model in 1992,
1993, factor model has been well developed and used by research and investment
institutions. One of the major benefit of fundamental factor model, is that it intuitively
shows the contribution of risk form different factors to the risk of a single stock or
portfolio. Therefore factor model is an excellent tool for understanding the risk
composition of equity market and other security markets.

b. Purpose
This project aims to provide insights on Chinese stock market based on the theory of
fundamental multi-factor model and particularly the Fama-French three factor model.
The purpose of the program is to offer a convenient, simple and informative tool for
equity researchers to gain insight into the risk composition of stocks listed on two
Chinese stock markets: Shanghai Stock Exchange and Shenzhen Stock Exchange. For
inputs, the program requires ticker, start date, end date, and calculation unit, for single
stock investigation. To investigate a portfolio, the program requires tickers of all assets
included in the portfolio as well as their weights. If the total weight of stock asset does
not add up to 1, the remaining weight will be allocated to cash. Then the program
regress the returns of the designated stock or portfolio over several factors: market
excess return, industry excess return, concept excess return, SMB (big minus small),
HML (high minus low), UMD (up minus down) using ordinary least square method.
Combinations of different lags in factors are also investigated to search for the most
fitting model. Shown in results are betas for different factors, statistical inference to
each factor, and a graph presenting the risk composition of the investigated stock.

c. Scope
The time frame of data that can be investigated is 3 years, and the scope of data covers
both Shenzhen Stock Exchange and Shanghai Stock Exchange.

3. Areas of Improvement
Compared to the first version finished in summer 20161, the second version of the
research tool solved several problems and added a few new features:
a. Updated cache function. Stated in section 5 of the report of first version research
tool, one major problem is the time required for fetching data. The updated cache
function works roughly 30% faster than the past cache function.

1 http://www.cse.ust.hk/~rossiter/independent_studies_projects/chinese_market_analysis/chinese_market_analysis.pdf
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b. Upgraded functionality. The last version of the research tool only supported
research on a single stock. The new version allows research on portfolio return with
user providing stock tickers, weights, and date for rebalancing. A rebalancing
algorithm is created to support this new functionality.
c. New optimization method. The old version research tool generates the model
through regressing dependent variable against factors of the same time period. The
new version investigates the possibility of ‘lead-lag’ relationship by allowing factors to
have lags. That is, the new version regresses the dependent variable and factors of
different time periods. After all permutations of lags in each factor, the program will
generate the optimal combination of factors with the best prediction power.
d. Terminal application. The whole program is transformed into a terminal
application with simpler operation and interface. For details of using instruction,
please see the following section.

4. The Analysis System with a Command Line Interface
a. Terminal Application
In consideration of a lack of interface of Jupyter notebook and the difficulty in its
operation, a terminal application is created for easier usage and better interface.
Instructions to use the applications are following:

i. Install Anaconda2 and tushare3.
ii. Download ResearchTool.py and the cache folder from
https://github.com/tinali0923/StockAnalysisTool

iii. Open a command prompt and navigate to the program folder. Alternatively,
open a command prompt from the package folder. The user may do this on
windows by right clicking the folder in Explorer while holding down the Shift key.
The submenu should have an item that can open a prompt there.

iv. To see the helper message, input command ‘python ResearchTool.py -h’.
Variable explanation:

1. 'StartDate': The start date of stock data to research. Should be in form
‘yyyy-mm-dd’. Required input.

2. 'EndDate': The end date of stock data to research. Should be in form
‘yyyy-mm-dd’. Required input.

3. 'Tickers': The ticker of the stock to research, should be a six-digit number,
for example, ‘000001’ for Ping An Insurance (Group) Company of China (中
国平安银行). Required input.

2 https://www.continuum.io/downloads
3 https://pypi.python.org/pypi/tushare/

https://l.facebook.com/l.php?u=https://www.continuum.io/downloads&h=ATOzlyckYR3RYzOW61m080Zrv_er3D3ecZHIr43uKZpAIyP9stkhgAeS8W9xnMHC2x9gLWjapBvWei6Wt53XsfMcqLEyC0_mxfK9LGMH-9HMhUliHgPli8LuZGMlG518vAl3eJDh
https://l.facebook.com/l.php?u=https://pypi.python.org/pypi/tushare/&h=ATOzlyckYR3RYzOW61m080Zrv_er3D3ecZHIr43uKZpAIyP9stkhgAeS8W9xnMHC2x9gLWjapBvWei6Wt53XsfMcqLEyC0_mxfK9LGMH-9HMhUliHgPli8LuZGMlG518vAl3eJDh
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4. 'unit': The unit used for return calculation. Input ‘d’ for daily, ‘w’ for
weekly, and ‘m’ for monthly return. Required input. The user should add
‘-u‘ before inputting the unit. For example, input ‘-u w’ to indicate weekly
return.

5. 'rebalance': If the object of research is a portfolio, the user should indicate
the date for rebalancing. Input 'd', 'w', 'm' to indicate the rebalancing date to be
daily, end of the week, or end of the monthly. Optional input.

6. 'weights': If the object of research is a portfolio, the user should indicate the
the weight for each asset in the portfolio. Input a list of weights used on each
ticker separated by commas. The total must sum up to less than 1. If not
indicated, each asset will be set to equal weight. Optional input.

See the example below:
1. To research on stock ‘000001’, with daily return starting from 2016.Oct.1 to
2017.Jan.1, input:
‘python ResearchTool.py 2016-10-01 2017-01-01 000001 -u d’

2. To research on portfolio with stock ‘000001’ and ‘000002’, with weekly return from
2015.Jan.1 to 2016.Jan.1, and with weight 0.3 and 0.4, as well as rebalancing date at
the end of every month, input:
‘python ResearchTool.py 2015-01-01 2016-01-01 000001,000002 -u w -r m -w
0.3,0.4’
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5. Methodology
a. Programming language
This project is programmed in Python 3. Several most frequently used libraries are
Pandas4, Numpy5, Statsmodel6, Matplotlib7, SciPy8 and Sympy9. This project is
compiled and visualized in jupyter notebook10, which is a web application for creating,
visualizing, and sharing coded programs.

4 http://pandas.pydata.org/
5 http://www.numpy.org/
6 http://statsmodels.sourceforge.net/
7 http://matplotlib.org/
8 https://www.scipy.org/
9 http://www.sympy.org/en/index.html
10 http://jupyter.org/
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b. Data Source
Data used in the project are from tushare11 and Datayes12. The former is an open source,
free data portal based on Python 2 and 3. The drawback of this resource is its website is
solely in Chinese. The latter is a paid data platform. The price used for calculation is
daily closing price. The price has been adjusted for stock splits and dilutions.

c. Rebalancing Algorithm
i. Introduction
If the object of investigation is a portfolio, the program applies a default
algorithm to rebalance the portfolio at the designated time. The aim of
rebalancing is to re-designate capital into given assets so that the weight of each
asset is the same as the specified weight. The general logic of the rebalancing
algorithm is that each rebalancing operation is divided into multiple mini steps.
For each mini step, the algorithm deals with the largest deviation from
designated weight. In this way, for each step the amount of cap reallocation is
smaller and smaller, and finally the target weight can be achieved. During the
process, cash is allowed to be negative, but finally the algorithm will make sure
the cash reaches the designated weight.

ii. Methodology
1. First of all, total cash asset is set to 10000. This number doesn't
influence the return and is for the purpose of convenient calculation.

2. A weight chart is built, which includes designated weight, weight
after rebalancing, capital reallocation, total capital, new unit for
each asset. This weight chart is updated each mini step and is shown
for tracking. See example weight chart below.

Weight Chart Example
*Note that the ‘new unit’ is in unit digit because the default total capital is small. This number will get

bigger and the rebalancing action would cost less relatively when total capital is bigger.

11 http://tushare.org/index.html
12 https://m.datayes.com/
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3. Weight rebalancing algorithm:
a) delta weight=new weight - supposed weight
b) Identify asset with the highest absolute value of delta weight
c) Identify the asset with largest delta weight of different direction
d) Allocate all the capital from asset in (c) to asset in (b)
e) Update the cumulative cap allocation in weight chart.
f) Repeat the above steps until weight allocation is precise to 0.1%,
and cash isn't negative.

d. Fundamental Factor Model
i. Fundamental Factor Model
A fundamental factor model of asset returns explains compositions of security
returns using exogenously decided factors, such as market return, industry
return and price-earning ratio. The factors are historical returns of portfolios
that replicate the performance of desired explanatory variables. For example,
we use historical return of CSI 300 index to resemble market return. After a
robust linear regression of asset return over factor returns, the coefficient of
each factor is called beta, representing the sensitivity of asset return in reaction
to each unit change in factor return.
For this project, the factors are market excess return, industry excess return,
concept excess return, SMB, HML and UMD. The choice of factors originates
from Mark Cahart’s four-factor model13 with industry excess return and
concept excess return added for a more comprehensive picture for Chinese
stock market. The robust linear regression can be expressed in the following
form:

afcfifmafa UMDHMLSMBrrrrrrrr   654321 )()()(

: historical return of asset of investigation
: asset excess return

: risk free return, taken to be 0.035 according to J.P. Morgan practice
: beta/sensitivity for 6 different factors, representing the level of change in

investigated stock resulting from unit change in factors
: market excess return
: industry excess return
: concept excess return

SMB, HML,UMD : the returns of portfolio of SMB, HML, UMD, representing the
risk factor of size, value, and momentum

: the intercept of the regression, representing excess return, which is the
abnormal return usually generated by inefficiency of market

13 Mark Cahart (1997), ‘On Persistence in Mutual Fund Performance’
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: error term, which is the vertical distance between data points and the
regression line, representing the return not explained by existing factors

e. Factors
i. Market Excess Return
The goal of this factor is to capture the overall market behavior as
comprehensively as possible. Thus, the data used to calculate market return is
CSI 300 index, a capitalization-weighted index reflecting the combined
performance of Shenzhen and Shanghai stock exchange.

ii. Industry Excess Return
The industry return is obtained by summing up the capitalization-weighted
return of every stock under the same industry category. The industry
categorization is provided by Sina finance14, an extensively used finance data
website for both individual investors and investment institutions in China.

iii. Concept Excess Return
Besides overall market and industry, a single stock or portfolio’s return can be
also explained by significant macro event, such as government policy, regional
economic shock, technology advancement. ‘Concept’ factor accounts for these
effect by categorizing stocks according to the most prominent image people
relate each stock to. It could be a recent government policy, a specific
geographical area, or a new technology. For example, in early 2015 3D printing
technology caught public’s attention. For a period of time after that, 3D printing
related stocks became ‘trendy’ to invest in. As a result, from March 2015 to
August 2015, the concept of 3D printing, in average, increased by more than
50%, with several top runners reaching up to more than 100% increase. Isn’t all
companies in technology industry are related with 3D printing, thus, industry
category does not apply in this case.
The categorization of concept is obtained from Sina finance.

iv. SMB & HML
In the 1992 paper Fama and French disclosed the finding that stock returns in
the US market is positively related to book-to-market ratio (value effect) and
inversely related to market capitalization of stocks (size effect)15. For value
effect of book-to-market ratio, the logic behind is that stocks with higher
book-to-market ratios are more likely to have been undervalued relative to the
company’s book size and its stock price has higher potential to rise in the future.

14 http://finance.sina.com.cn/stock/
15 Eugene Fama & Kenneth French (1992), ‘The Cross Section of Expected Stock Returns’

a

http://finance.sina.com.cn/stock/
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To account for the size effect of market capitalization, usually companies with
smaller size are more fragile against economical movements and shocks, and
therefore have higher risks, which is interpreted as expected higher potential
return in stock market. In the subsequent 1993 paper, Fama and French proved
that the risk from capitalization can be concluded from returns of SMB
portfolio, and book-to-market ratio from HML portfolio16. Thus, there is
enough ground to use SMB and HML portfolio to replicate return effect from
capitalization and book-to-market ratio.
SMB represents ‘small minus big’, small stands for the returns of
small-capitalized companies, and vice versa. To construct a SMB portfolio of
time t, all stocks across the two stock exchanges are ranked by their market
capitalization at time t. Simple averages of the return for top 30% and bottom
30% are calculated. The SMB factor is obtained by subtracting the simple
average of bottom 30% from the top 30%.
HML stands for ‘high minus low’, and high means the return for high
book-to-market ratio companies. To construct a HML portfolio of time t, all
stocks are ranked by their P/B ratio (price-to-book ratio), which is the inverse of
book-to-market ratio, of time t. The rank is split into top half and bottom half.
The HML factor is obtained by simple average return of bottom half (that is,
higher book-to-market ratio) minus the simple average return of the top half.

v. UMD
According to Mark Cahart’s 1997 publishing on mutual fund return, abnormal
return is found from buying last year’s winner and selling last year’s losers17. To
account for this abnormal return, Cahart came up with the fourth factor UMD
adding up to the existing three Fama-French factors. UMD stands for up minus
down, in which up means returns of last period’s best performing stocks while
down means returns of last period’s worst performing stocks. This factor
explains the part of return of asset resulting from ‘persistence’ quality, and thus
sometimes named as momentum factor.
To construct an UMD portfolio, last period’s return of all stocks are ranked.
Top 30% performing stock is taken and so are bottom 30% performing stocks.
Capitalization-weighted returns are calculated for both top and bottom 30%,
becoming the return for ‘up’ and ‘down’ portfolio. And then the factor is
obtained by subtracting return of ‘down’ from ‘up’.

16 Eugene Fama & Kenneth French (1993), ‘Common Risk Factors in the Returns on Stocks and Bonds’
17 Mark Cahart (1997), ‘On Persistence in Mutual Fund Performance’



12

f. Optimization of Regression Factors
The program also allows users to regress factors against dependent variables
with ‘lags’ in factors. That is, the user could regress factors against dependent
variables not only of the same period, but of different period. For example, if
now we have the daily return data over 2016-12-01 to 2016-12-05, and we want
to investigate stock ‘000001’, then regressing ‘UMD’ return of 2016-12-02
with stock ‘000001’ return of 2016-12-01 means ‘UMD’ of one day lag.
The program would generate linear regress of all permutations of lag
combination, and identify the lag combination which generates the largest
coefficient of correlation value (R-squred), a measure of fit of the model. Which
is calculated as follows:

y is the observed dependent variable.

Total sum of squares.

Explained sum of squares. fi is the estimated result from regression model.

Residual sum of squares.

Coefficient of determination.

https://en.wikipedia.org/wiki/Residual_sum_of_squares
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Example of optimization result

g. Calculation for Risk Contribution
Risk contribution from a specific factor to stock return is calculated by taking
partial derivative of the stock risk, and integrating it with respect to the weight
of the factor from 0 to the designated factor weight:
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1w : weight of factor 1 asset, which is equal to factor return coefficient 
1 : standard deviation, or risk of factor 1
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6. Results and Interpretation
a. Result sample display

A. Calculated portfolio return (if to investigate a portfolio)

B. Calculated single stock return (if to investigate a single stock)
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C. Calculated factor returns

D. Regression analysis
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E. Factor correlation matrix

F. Covariance chart
*MER is short for Market Excess Return, IER for Industry Excess Return, CER for Concept Excess Return
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G. Risk contribution charts

b. Interpretation of results
i. Regression analysis

1. Coefficients/Betas
Coefficient is the percentage of change in factor return that leads
to the change in asset excess return. For example, coefficient of
1.2 represents for 10% increase in the according factor, there
will be 12% increase in the asset excess return.

2. z (z-stats) and P (p-values)
z-stats measures the deviation of the estimated coefficient from
its hypothetical value, which is 0 in this case, in unit of standard
error. In the graph, z-stats of market excess return is 1.97,
meaning that the coefficient of market excess return is 1.97
standard error from 0. The more z-stats deviate from 0, the more
significant the coefficient is.
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P-values is another way of interpreting the significance of
coefficient besides z-stats, measuring how extreme the
coefficient is. According to common statistical practice, a
p-value equal to or less than 0.05 means high significance while
0.01 means very high significance.

ii. Correlation Matrix
Linear correlation coefficient represents the extent to which two
variables are linearly related. It ranges from -1 to 1. -1 indicates a perfect
negative linear relationship, 1 indicates a perfect positive linear relation
while 0 indicates no correlation between two variables.
However, correlation is not a robust measurement of linear relationship,
and that makes visual inspection of the scatter plot crucial. Here is an
example:

18

These are four sets of data with the same correlation 0.816, yet x2 does
not show a linear relationship, while x3 and x4 have problem of extreme
outlier.
Thus, a covariance chart is provided for visual inspection.

iii. Covariance Chart
Covariance chart presents scatter plots showing the relationship between
factor returns. On the diagonal line are the density plots.

18 Anscombe, Francis J. (1973) Graphs in statistical analysis. American Statistician, 27, 17–21



19

iv. Risk Contribution Charts
The risk contribution chart explains the composition of risk from each
factor. Risk is defined as the standard deviation of historical return of
assets. The horizontal scale presents different factors and the vertical
scale represents the asset risk contributed by each factor out of the total
risk of the investigated stock.
Note that the sum of all risk contributions is not necessarily 1. The
discrepancy between the sum and 1 represents the risk not explained by
existing factors.

7. Issues
One of the most outstanding issues of this program is the time required for fetching data.
The total time spent on transporting data from the portal can be lengthy, since some
factors require getting data for all stocks over the market of one day. Fetching 8 days of
factor data can take up to 3 hrs to finish, which is not ideal. One way to solve this
problem is by having a cache program. However, the current cache program in this
system still needs the whole program to at least fetch the specific set of data once
before storing those data. Thus, this is also a major potential for improvement.

8. Codes
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