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Abstract: The development of information technology makes quantitative investment strat-

egy widely used by various investors. Among them, pairing trading strategy has attracted the 

attention of a large number of investors. In this paper, the validity of paired trading is verified 

and the validity of Bollinger band signals used for paired trading is tested. To be specific, this 

paper takes Shanghai and Shenzhen 300 component stocks and China Securities 500 compo-

nent stocks as data sets. In this paper, the correlation coefficient method is used to match the 

stocks. This study uses the closing price data of stocks in each pairing group from August 

2021 to August 2022 for training, and backtests the training results with trading data from 

August 2022 to February 2023. From the yield index, the backtest group can get the highest 

yield of 23.4%. In addition, according to the analysis, the probability of positive returns in 

the backtest group is up to 80%. 
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1. Introduction 

The epidemic that raged from 2019 to 2023 is still fresh in the memory of most shareholders and 

investors. The financial market has evaporated more than trillion yuan, especially the tourism, cater-

ing and other industries have suffered immeasurable losses, which fully shows that the capital market 

is a cruel battlefield vulnerable to the stimulation of external factors such as civic sentiment. However, 

with the continuous development of the economic system and financial system towards marketiza-

tion, China's financial market innovation continues to develop. The scale of the financial market con-

tinues to expand, and the market coverage and influence continue to increase. The financial market 

continues to reform and its functions are increasingly improved. The structure is optimized, and the 

multi-level financial market system is being formed [1]. With the rapid development of today's big 

data, more and more investors begin to learn foreign advanced investment theories, and use some 

financial models and statistical theories to quantify and visualize risks and returns. Nowadays, invest-

ment transactions in domestic and foreign financial markets are changing from subjective transactions 

based on traditional technical analysis to quantitative strategic transactions based on computer pro-

grams [2]. The application of statistical arbitrage strategy based on paired trading in China's futures 
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market has been extensively studied, while the research on paired trading in China's stock market in 

the past five years is relatively small, and the effectiveness of paired trading needs to be verified. 

Paired trading originated from the sister pair trading strategy adopted by Jesse Lauriston Livermore 

in the 1920 investment event [3]. Its principle is to find two stocks with similar stock price trends, 

and use data (e.g., price difference and price ratio) to find out the time point deviating from the normal 

range to short the assets with relatively high prices. Subsequently, one can buy the assets with rela-

tively low prices for arbitrage, build positions when the price deviation is large, and close positions 

when the price deviation is small, so as to earn profits. 

There have been a number of studies in China about matching the A-share market. Wang et al. 

selected CSI 300 component stocks as the stock pool and used the index to measure the stock price 

difference as the stock matching standard [4]. The results showed that this strategy was effective and 

could make stable profits in the Chinese market. Zhu selected the constituent stocks of the Shanghai 

180 Index as the stock pool and found the optimal threshold for opening and closing positions by 

comparing the portfolio returns when different thresholds were selected [5]. Tang et al. selected 50 

component stocks of Shanghai Stock Exchange as the stock pool [6], used the daily closing price data 

of three years from 2014 to February 17 for co-integration matching, and used support vector machine 

regression to verify the effectiveness of the model [7]. 

In this paper, the daily closing prices of the CSI300 and CSI500 in the past two years are used as 

the data set, and the daily closing prices and returns are paired according to Pearson correlation coef-

ficient. The trading data of the 20 portfolios with the highest correlation coefficient from August 10, 

2021 to August 10, 2022 are trained for matching trading, and the best parameters obtained from the 

training are applied to the market data from August 11, 2022 to February 9, 2023 for back testing, 

four groups of 20 stock pairs can obtain an annualized yield of 23%. 

2. Data & Method 

Following previous study, combining the current market situation and previous research results, this 

paper proposes the following research scheme. First, this article uses the CSI 300 and CSI 500 to 

build the initial stock pool, and then eliminate the stocks with missing values, suspension and listing 

after 2021. Then, we can calculate the daily rate of return and daily closing price by using the Person 

correlation coefficient. On this basis, one can obtain the 20 pairs with the highest closing price cor-

relation number, the 20 pairs with the lowest closing price correlation coefficient, the 20 pairs with 

the highest yield correlation coefficient and the 20 pairs with the lowest yield correlation coefficient. 

After obtaining 80 pairs of matching results, for the two stocks in the pairing result, the authors 

take August 10, 2021 to August 10, 2022 (inclusive) as the training period. and use the closing price 

data of the training period to carry out zero intercept regression, and the slope term obtained by zero 

intercept regression β1 as the price multiplier between two stocks, calculate the relative price differ-

ence Z= β1X-Y, calculate the relative price difference Z into the Bollinger band channel, get the 

trading signal, and calculate the yield. 

We use multiple sets of mean line period values and standard deviation values to draw the Brin 

band, then find out the most suitable parameters for the Brin band drawing of the stock price data 

during the training period. Then, the authors apply the parameters to the stock data from August 10, 

2022 to February 9, 2023 to carry out the paired trading test, and calculate the yield, volatility, Sharp 

ratio, and maximum withdraw. The four rectangles at the left of the Fig. 1 show the main steps of the 

research process. The blue downward shears show the sequence of main steps. The rectangles at the 

right of the main steps explains the method and the material, and the rectangles after the second red 

shears explain the key method of every steps. 
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Figure 1: The whole research process. The rectangle in Fig.1 represents a step or method. The blue 

cut head in Fig. 1 represents the before and after relationship between the steps. The red cut head in 

Fig.1. indicates the key details in the method. 

2.1. CSI300 & CSI500 

In order to verify the accuracy of matching transactions, this study selects a group of sufficiently 

representative stocks as the stock pool. This paper selects two stock pools of CSI 300 and CSI 500, a 

total of 800 stocks, and removes stocks with suspended trading, ST and missing values at the daily 

closing price. CSI 300 is a simulated index futures launched by CICC, and a large number of domestic 

investors actively participate in the simulation trading, learning the new trading rules of stock index 

futures. CSI 300 simulates the development features and lessons, which after the futures trading [8]. 

The CSI 500 is the CSI 500 futures index, which was listed on April 16, 2015 during the 2015 stock 

disaster and was specifically set up for the GEM and SME board [9]. The reasons for selection are as 

follows. The CSI 300 have strong liquidity and large scale, and the industry distribution of CSI 300 

is similar to the reality, which is representative [7]. Besides, CSI500 is a non-ST, non-suspended 

stock, and the company has no major violations of laws and regulations within one year, and there 

are no major issues in the financial report [10]. In January 2023, the number of listed stocks in China's 

A-share market was 4997, and the stock pool consisting of CSI300 and CSI500 accounted for 16% 

of the total number of stocks in the market. Compared with the method of using CSI100 or CSI300 

as the stock pool in other studies, the stock pool selected in this paper is larger and more representa-

tive. The stock trading data used in the study, including the list of CSI300, the list of CSI500 and the 

daily trading data of stocks, are all from www.baostock.com, which is a network data platform provid-

ing Python api. 

2.2. Screen Stock Pairs 

Pearson correlation coefficient is a method of calculating linear correlation proposed by British stat-

istician Pearson in the 20th century. The specific calculation formula is as follows: 

𝜌𝑋,𝑌 =
𝑁∑𝑋𝑌 − ∑𝑋∑𝑌

√𝑁∑𝑋2 − (∑𝑋)2√𝑁∑𝑌2 − (∑𝑌)2
(1) 

Here, N is the number of samples in population X, and the number of samples in X is equal to the 

number of samples in Y. Pairing transactions need to use stock portfolios with similar trends. This 

paper uses Pearson correlation coefficient to pair all stocks in the stock pool, and calculates the cor-

relation between daily closing price and daily yield. In order to compare the different effects of dif-

ferent stocks on the calculation method, four experimental groups are designed in this paper. We take 
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the last 20 from the correlation coefficient of daily closing price, i.e., the 20 groups of stock pairs 

with the strongest negative correlation of daily closing price. We take the top 20 from the correlation 

coefficient of daily closing price, i.e., 20 groups of stock pairs with the strongest positive correlation 

of daily closing price. We also take the last 20 from the correlation coefficient of daily return, i.e., 

the 20 groups of stock pairs with the strongest negative correlation of daily return. We choose the top 

20 from the correlation coefficient of daily return, i.e., the 20 groups of stock pairs with the strongest 

positive correlation of daily return. Finally, the authors set up four experimental groups to test the 

difference between the two matching methods of the correlation coefficient based on the closing price 

and the correlation coefficient based on the yield, as well as the difference between the positive cor-

relation and the negative correlation. 

2.3. The Process of Bolling Trading 

Bollinger band channel strategy is a classic channel strategy. It combines the standard deviation and 

average line, using the average line to constrain the smoothness of the channel, and using the standard 

deviation to constrain the width of the channel [7]. The Bolin Belt is composed of four lines: price 

line, resistance line, support line and average line. The average line is the average line of the price 

line, which is generally the 20-day average line. The resistance line is generally the average line minus 

twice the standard deviation, and the support line is generally the average line plus twice the standard 

deviation. The price line will move in the channel between the resistance line and the support line. 

When the price line crosses the resistance line, it will generally fall back. When the price line crosses 

the pressure line, it will generally rise. Bolin line is intuitive, flexible, and trendy, so it is favored by 

a large number of investors [11]. 

In this paper, we use the Bollinger band to constrain the trend of the relative price difference and 

judge the trading signal. Traditional paired trading uses fixed moving average to judge the trading 

signal, and the Bollinger band is more flexible. Zero intercept regression is a method of fitting inde-

pendent variable Y into regression equation 𝑌𝑖 = 𝛽𝑋𝑖 + 𝑢𝑖  by least square method, where β is the 

slope after fitting and ui is the residual term. 

𝛽 =
∑𝑋𝑖𝑌𝑖

∑𝑋𝑖
2

(2) 

In this paper, the zero intercept regression is used to calculate the price multiples of two stocks in 

the stock pair, and then the relative spread Z=β_1X-Y is calculated. The trading process of this paper 

is to first buy 1,000,000 shares of one stock in the pair as stock X, then calculate the relative spread 

Z=β_1X-Y, and calculate the Bolling band channel according to the relative spread. When the relative 

spread crosses the support line, if there is stock X in the position, sell stock X and buy stock Y in the 

full position. When the relative spread crosses the resistance line, if there is stock Y in the position, 

sell stock Y in the full position and buy stock X. 

2.4. Backtesting Evaluations 

In this paper, three calculation methods are used to evaluate the back test. Using zero intercept re-

gression to calculate the price multiplier of two stocks during the training period. The result is coef-

ficient β=3.0659, standard error = 0.027, t = 115.637. Rate of return is the simplest and most intuitive 

evaluation method, and its calculation formula is: rate of return = income/principle. In this paper, the 

principal is set for initial purchase of 1.000,000 shares X the total price, and finally the cumulative 

rate of return from the beginning to the end is calculated. Volatility is the standard deviation of the 

rise and fall of assets over a period of time. Volatility reflects the risk level caused by the uncertainty 

of asset return. The higher the volatility, the higher the risk level caused by uncertainty of asset return, 

Proceedings of the 2023 International Conference on Management Research and Economic Development
DOI: 10.54254/2754-1169/23/20230387

262



 

and the lower the volatility, the lower the risk level caused by uncertainty of asset return [7]. Sharpe 

ratio is a commonly used index to measure the return and risk of portfolio, and its core idea is select 

the fund with the largest expected return when the given risk level is similar, and select the fund with 

lower risk level when the return is similar. This helps people to jump out of the misunderstanding of 

high risk and high return. The calculation formula of sharp ratio is Sharpe Ratio=[E(Rp)－Rf]/σp. 

Here, E(Rp) represents the average growth rate of the fund’s net value and Rf represents the risk-free 

interest rate, and the difference between them is divided by the portfolio. The standard deviation of 

the rate return gives the total excess return per unit risk. It is not difficult to see from this formula that 

When SR is less than zero. The growth rate of the fund is less than the risk-free interest rate, which 

has no investment significance. When SR is greater than 1, it means that the excess return is greater 

than the risk, and when SR is less than 1, the excess return is less than the risk. The greater the sharp 

ratio, the more excess return and the greater the investment value. Maximum retracement refers to 

the maximum value of the retracement amplitude of the rate of return when the product net value 

reaches the lowest point at any historical time point in the selected period. That is, the worst situation 

that may occur after buying a product is used to measure the ability of products such as funds to resist 

wind and industrial risks. The following is the formula for calculating the maximum retracement: 

Max drawdown=max(Px-Py)/Px. 

3. Results & Discussion 

3.1. Pairing of Stocks 

Using Pearson correlation coefficient, the daily closing price and daily return rate of each stock pool 

are paired in pairs, and the results are obtained as shown in Table. 1 (for each experiment group, the 

absolute value of correlation coefficient is highest). Every line in the table shows the last 1 pair or the 

first 1 pairs of every pairing group, with the two coefficient of daily closing price and daily rate of 

return. Tasking two stocks, sh600809 and sz000568, for example, one can draw their trend charts, 

which shows that there is indeed a similar trend between the two stocks. According to the stock in-

formation (seen from Fig. 2), sh600809 is Shanxi Fenjiu and sz000568 is Luzhou laojiao, both of 

which are liquor stocks. Obviously, the two stock have peak and valley at the same time. 

Table 1: The pairing result of every experimental groups. 

Experimental Group Stock x Stock y 

Coefficient 

of Daily Clos-

ing Price 

Coefficient of 

Daily Rate of Re-

turn 

The last 1 pairs of daily 

closing price 

sh60018

8 

sh6882

89 
-0.942 -0.008 

The top 1 pairs of daily 

closing price 

sh60080

9 

sz0005

68 
0.982 0.735 

The last 1 pairs of daily 

return 

sz30089

6 

sh6007

39 
0.380 -0.214 

The top 1 pairs of daily 

return 

sh68809

9 

sh6881

88 
0.736 0.931 
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Figure 2: The daily closing price of sh6000809 and sz000568. The y-axis shows price of every stock, 

and the x-axis shows date.  

3.2. Training Pair Trading 

The authors take the period from August 10th, 2022 as the training period. Take sh600809 and 

sz000568 for example, the authors calculate the training period price difference with formula Z=β1X-

Y, and draw the Bollinger band channel. As show in Fig. 3, the Bollinger band channel chart with a 

20-day moving average and a standard deviation of 2 times: multiple sets of moving average drawing 

parameters and standard deviation ratio are applied to the drawing process of Bollinger bands,  

 

Figure 3: A The Bollinger bands of training process for sh600809 and sz000568. The black line shows 

the relative price of the two stocks, and the blue line is the 20 days average line, the red line is the 

average line plus 2 times of standard deviations, the green line is the average line minus 2 times of 

standard deviations. 

 

Figure 4: The result of pairing from every training groups. 
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3.3. Backtesting Evaluations 

Several groups of parameters with the highest yield obtained in the training process of matching trad-

ing are applied to the trading data from August11,2022 to February9,2023, and the matching trading 

is carried out again, and the yield, volatility, sharp ratio and maximum retracement are obtained. The 

Fig. 4 shows the test results of 80 pairs. Different colors in the picture represent different experimental 

groups. The green dots represent the 20 stock pairs with the strongest negative daily return correla-

tions. The red dots represent the 20 stock pairs with the strongest positive daily return correlations. 

The black dots represent the 20 stock pairs with the strongest negative daily closing price correlations. 

The blue dots represent the 20 stock pairs with the strongest positive daily closing price correlations. 

The X in the figure indicates that the optimal Bollinger Band matching parameters of the stock port-

folio are special, so there is no matching transaction during the training period, that is , the maximum 

rate of return is obtained only by holding stock X. The “.” The Table. 2 indicates that there is a 

matching transaction during the training period. 

Table 2: The average reward of training process and back testing process, and the volatility, Sharpe 

ratio, max drawdown ratio in back test process. 

Average 
training re-

ward 

test re-

ward 

volatil-

ity 

Sharp

e 

draw-

down 

The last 20 pairs of daily closing 

price 
0.788 0.234 0.092 0.491 0.208 

The top 20 pairs of daily closing 

price 
0.410 -0.006 0.060 -0.214 0.156 

The last 20 pairs of daily return 0.329 0.072 0.058 0.676 0.133 

The top 20 pairs of daily return 1.002 0.056 0.077 0.826 0.189 

3.4. Mean Value Analysis 

In terms of yield, the 20 stock pairs with the strongest positive correlation of daily yield obtained the 

highest yield among the four experimental groups during the training period. However, the 20 stock 

pairs with the strongest negative correlation between daily closing prices obtained the highest yield 

among the four experimental groups during the test period. It shows that in this experiment, the neg-

ative correlation of closing price is the best. In terms of volatility and maximum retracement, the 20 

stock pairs with the strongest negative correlation between daily closing prices have the highest vol-

atility and maximum retracement during the test period. On the other hand, the results of the daily 

rate of return experimental group show that both experimental groups have lower volatility and max-

imum retracement during the test period. In this experiment, the risk of negative correlation trading 

with closing price is the greatest. In terms of sharp ratio, the 20 stock pairs with the strongest positive 

correlation of returns have the highest sharp ratio, followed by the 20 groups with the strongest neg-

ative correlation of returns, the 20 groups with the strongest positive correlation of closing prices and 

the 20 groups with the strongest negative correlation of closing prices. Among them, the 20 stock 

pairs with the strongest negative correlation between closing prices even obtained negative sharp 

ratio. It indicates that in this experiment, the 20 stock pairs with the strongest positive correlation in 

returns have achieved the best balance between return and risk. 

3.5. Quantitative Analysis of Negative Values 

In terms of yield, only the 20 stock pairs with the strongest positive correlation in yield achieved a 

loss of 0 pairs in the test period, while only the 20 stock pairs with the strongest negative correlation 
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in closing prices achieved a loss of 4 pairs in the test period, and the number of negative returns in 

the other three experimental groups was close to half. It shows that the risk of Bollinger Band pairing 

transaction is the smallest among the 20 stock pairs with the strongest negative correlation between 

closing prices. In terms of sharp ratio, the four experimental groups have a large number of negative 

numbers. Among them, the 20 stock pairs with the strongest positive correlation between daily clos-

ing prices have the most negative values, indicating the highest risk (seen from Table. 3). 

Table 3: The number of below-zero value of training reward, test reward and sharpe ratio from every 

training groups. 

The count of negative values in 20 pairs training reward test reward sharpe 

The last 20 pairs of daily closing price 1 4 8 

The top 20 pairs of daily closing price 1 9 12 

The last 20 pairs of daily return 2 10 6 

The top 20 pairs of daily return 0 8 6 

4. Conclusion 

To sum up, based on the stock data of China A-share market from August 10, 2021 to February 9, 

2023, it is feasible to screen stock pairs by using the correlation coefficient of daily closing price and 

daily return rate. We carry out the quantitative investment strategy of matching trading training based 

on Bollinger Band, which can obtain the highest annualized return rate of 23%. Among them, the 

stock portfolio with the strongest negative correlation of daily closing price can get the highest return, 

while the stock portfolio with the strongest positive correlation of daily return is least risky. Compared 

with previous studies, it is found that the research in this paper has the following limitations. Primar-

ily, the screening of the stock pool only considers whether it is listed after 2021, and does not consider 

the issue of ST mark. In addition, the transaction costs is ignored. Moreover, the transaction data is 

based on daily closing prices. Compare with time-sharing transaction data, the daily closing prices 

are lagged. For further research, more complex trading orders can be used, and the returns of the same 

trading strategy can be tested in different time segments. Overall, these results offer a guideline for 

Pair Trading using Bollinger Bands as the method of Trading signal judgement. 
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