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1 Introduction 

Since China is currently in the transition period from a planned economy to a 

market economy, the market economy system has not been fully established. The 

financial system, as a deep-water area for economic reform, is even more underdeveloped 

and imperfect. Arbitrage is defined as the use of imperfections in the market price system 

to gain profits through buying and selling. Arbitrage is essentially a means of market 

governance. The difference between arbitrage and investment is that they have different 

purposes. The purpose of investment is to buy, the purpose of investing money is to gain 

value, and the purpose of arbitrage is to buy and sell, using the imperfect market to earn 

the difference. According to the journal which was published in November 2021, focusing 

on the China CSI 300 Index and its three exchange-traded funds (ETFs), this study 

examines the relationship between stock trading volume in the ETF market, the efficiency 

of tracking stock markets, and the role of carry trades in this association. And found that 

ETF stock trading volume makes a significant contribution to tracking the price efficiency 

of the stock market. However, this effect was blunted by arbitrage activity across the 

market. The estimated cumulative impulse response function confirms that the CSI 300 

is increasingly informative as the market share of the CSI 300 ETF increases. 

The purpose of this thesis is to study arbitrage opportunities in Chinese financial 

markets and study how to use stock index futures and CSI 300ETF for arbitrage. This 

thesis uses a variety of arbitrage strategies to study arbitrage opportunities, such as 

geographic arbitrage, futures arbitrage, time arbitrage and other arbitrage strategies, and 

focuses on statistical arbitrage opportunities in China's financial market.  

In chapter 2, this thesis divides China's financial market into money market, 

capital market, financial derivatives market and foreign exchange market, and this thesis 

describes how to arbitrage in these markets. In chapter 3, this thesis describes various 

arbitrage strategies and defines these arbitrage strategies, which focuses on statistical 

arbitrage and designs statistical arbitrage models that will be used in chapter 4. In chapter 

4, this thesis selects 6 CSI 300 ETFs in China, then using the method described in chapter 

3, the results were calculated. And this thesis compares the 6 CSI 300 ETFs, this thesis 

selects the best CSI 300 ETF, and uses the OLS model and the GARCH model to conduct 

arbitrage research. This thesis randomly selected five trading days within a stock index 

futures contract to study. This thesis simulates the arbitrage opportunities of these data in 
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the graph, and finally compares it by calculating the average return on each trading day, 

the annualized return and the cumulative net profit. Finally, through the combination of 

traditional indicators and Sharp ratio, the best arbitrage strategy is obtained. Therefore, it 

is recommended that arbitragers prefer the positive arbitrage operation of the GARCH 

model when using high-frequency data for statistical arbitrage trading strategies, followed 

by the reverse arbitrage of the OLS model, and finally the GARCH model reverse 

arbitrage. 
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2 Description of Strategies at Financial Markets 

In China, there are different strategies in different markets. In this chapter, this 

thesis first introduces the strategies in the money market, then introduces the strategies in 

the capital market, then introduces the strategies in the financial derivatives market, and 

finally introduces the strategies in the foreign exchange market. 

2.1 Strategies in money market 

The money market is an organized exchange market where participants can lend 

and borrow short-term, high-quality debt securities with average maturities of one year 

or less. It enables governments, banks, and other large institutions to sell short-term 

securities to fund their short-term cash flow needs. Money market also allows individual 

arbitragers to invest small amounts of money in a low risk setting.  

Several financial instruments are created for short-term lending and borrowing in 

the money market. They include Treasury bills, certificate of deposit, commercial paper 

and banker’s acceptance. 

Treasury bills are considered the safest instruments since they are issued with a 

full guarantee by the government. They are issued by the Treasury regularly to refinance 

Treasury bills reaching maturity and to finance the federal government’s deficits. They 

come with a maturity of one, three, six, or twelve months. Chinese treasury bills have a 

minimum maturity of one year. 

Treasury bills are sold at a discount to their face value, and the difference between 

the discounted purchase price and face value represents the interest rate. They are 

purchased by banks, broker-dealers, individual arbitragers, pension funds, insurance 

companies, and other large institutions. 

Treasury bill interest rates are closely related to commercial paper, certificates of 

deposit, etc. Treasury bill futures can provide hedging for other certificates when their 

returns fluctuate. It is also very mobile. Treasury bills have a vast secondary market, are 

easy to change hands, can be cashed at any time, and have a high reputation. 

Treasury bills are the direct debt of the government and are the least risky 

investment for arbitragers, and many arbitragers regard it as the best investment object. 

Although the interest rate of treasury bills is generally lower than that of bank deposits or 

other bonds, since the interest of treasury bills can be exempted from income tax, 

investment in treasury bills can obtain higher returns. 
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A certificate of deposit (CD) is issued directly by a commercial bank, but it can 

be purchased through brokerage firms. It comes with a maturity date ranging from three 

months to five years and can be issued in any denomination. 

Most CDs offer a fixed maturity date and interest rate, and they attract a penalty 

for withdrawing prior to the time of maturity. Just like a bank’s checking account, a 

certificate of deposit is insured by the Federal Deposit Insurance Corporation (FDIC). 

Large-denomination certificates of deposit in China are book-entry large-

denomination certificates of deposit issued by banking depository financial institutions to 

non-financial institutional arbitragers and denominated in RMB. They are financial 

products of bank deposits and are general deposits. Large-denomination certificates of 

deposit take the form of products with standard terms. The starting number of large-

denomination certificates of deposit subscribed by individual arbitragers shall not be less 

than 300,000 yuan, and the starting amount of large-denomination certificates of deposit 

subscribed by institutional arbitragers shall not be less than 10 million yuan. Large-

denomination certificates of deposit take the form of products with standard terms. The 

starting amount for individual arbitragers to subscribe for large-amount deposit slips is 

not less than 10 million yuan. The tenors of large-amount certificates of deposit include 

nine varieties: one month, three months, six months, nine months, twelve months, 

eighteen months, two years, three years and five years. 

Large-denomination certificates of deposit can use fixed or floating interest rates. 

Interest payment methods are divided into one-time repayment of principal and interest 

upon maturity, regular interest payment, and principal repayment upon maturity. Before 

the issuance of each CD, the issuer shall specify in the issuance terms whether transfer, 

early withdrawal and redemption are allowed, as well as the corresponding interest 

calculation rules. Arbitragers purchase large deposit certificates in accordance with the 

real-name system. 

Commercial paper is an unsecured loan issued by large institutions or corporations 

to finance short-term cash flow needs, such as inventory and accounts payables. It is 

issued at a discount, with the difference between the price and face value of the 

commercial paper being the profit to the arbitrager. 

Only institutions with a high credit rating can issue commercial paper, and it is 

therefore considered a safe investment. Commercial paper is issued in denominations of 

$100,000 and above. Individual arbitragers can invest in the commercial paper market 
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indirectly through money market funds. Commercial paper comes with a maturity date 

between one month and nine months. 

Commercial paper is a credit paper, which directly reflects the issuer's commercial 

credit situation. Arbitragers can use the notes to raise capital. For those issuers who enter 

the bill market for the first time and are not familiar with arbitragers, by rating their bills, 

their financial strength, creditworthiness, and reliability of repayment of principal and 

interest can be accurately and effectively transmitted to many arbitragers, so that it 

becomes possible to raise more funds. 

Arbitragers can obtain more interest income through the issuance of commercial 

paper at higher interest rates. Arbitragers can also communicate with foreign counterparts 

through commercial paper and can draw lessons from foreign experience and apply them 

in combination with the development of Chinese social economy and paper business. 

However, there are some problems in Chinese commercial paper. At present, China's 

credit rating agencies have shortcomings such as small scale, inconsistent business scope, 

loose organization, and low quality of personnel. 

A banker’s acceptance is a form of short-term debt that is issued by a firm but 

guaranteed by a bank. It is created by a drawer, providing the bearer the rights to the 

money indicated on its face at a specified date. It is often used in international trade 

because of the benefits to both the drawer and the bearer. 

The holder of the acceptance may decide to sell it on a secondary market, and 

arbitragers can profit from the short-term investment. The maturity date usually lies 

between one month and six months from the issuing date. 

Bank Acceptance For sellers, providing long-term payment to existing or new 

customers can increase sales and improve market competitiveness. For arbitragers, 

forward payments can be used to purchase more goods with limited capital, which 

minimizes the occupation and demand for working capital and is conducive to expanding 

production scale. Compared with loan financing, arbitragers can significantly reduce 

financial costs by using bank acceptance. In China, acceptance bills are suitable for all 

kinds of state-owned enterprises, private enterprises, medical and health institutions, 

government institutions, schools and other units with real trade background and demand 

for deferred payment. 

A repurchase agreement (repo) is a short-term form of borrowing that involves 

selling a security with an agreement to repurchase it at a higher price later. It is commonly 
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used by dealers in government securities who sell Treasury bills to a lender and agree to 

repurchase them at an agreed price later. 

The Federal Reserve buys repurchase agreements as a way of regulating the 

money supply and bank reserves. The agreements’ date of maturity ranges from overnight 

to 30 days or more. 

First, repurchase agreement borrowing is one of the favourable tools for banks to 

implement liability reserve management. Large banks like to use repurchase agreements 

to adjust their reserve positions. Second, borrowing under repurchase agreements does 

not require the submission of reserves, which reduces the real cost of borrowing under 

repurchase agreements. Third, because the repurchase agreement is backed by financial 

assets such as government bonds, the interest paid by banks for capital needs is slightly 

lower than the interbank lending rate. Fourth, the term of repurchase agreements is 

flexible. Although the term of the repurchase agreement is mostly one business day, it 

can be as long as several months, and the two parties can sign a continuous contract. In 

the case of no objection to the agreement, the agreement can be automatically extended. 

Thus, repurchase agreements provide commercial banks with an easier-to-determine tool 

than other controllable liability instruments. 

2.2 Strategies in capital market 

Capital markets are the exchange system platform that transfers capital from 

arbitragers who want to employ their excess capital to businesses that require the capital 

to finance various projects or investments. 

Capital markets primarily feature two types of securities – equity securities and 

debt securities. Both are forms of investments that provide arbitragers with different 

returns and risks and provide users with capital with different obligations. 

Equity securities are traded on the stock market and are essentially ownership 

shares of a business or venture. When you own equity securities of a company, you 

essentially own a portion of that company and are entitled to any future earnings that the 

company brings in. 

However, the money that you invest in equity securities is not required to be paid 

back by the business. 

Equity securities include common stock and preferred stock. Most of the equity 

securities listed in China are ordinary shares and account for most of the exchange's 

trading volume. 



9 

Common stock and preferred stock are shares issued by a company to 

shareholders. Common stockholders, as shareholders of the company, have voting rights 

and can receive dividends according to the company's dividends. However, a company 

may not necessarily declare a dividend even if it records a profit that year. Preferred 

stockholders are entitled to the distribution of agreed dividends in preference to common 

stockholders. Preferred stockholders have no voting rights but receive a fixed dividend 

(though the dividend will not increase as the company's earnings increase). In the 

unfortunate event of a company winding up, preferred shareholders can receive 

distributions before common shareholders and after creditors. Shareholders of dividend-

paying preference shares may receive dividends if profits permit. As for holders of 

cumulative preference shares, if there is no dividend to be distributed in the year, the 

dividends that the holders should receive will be accumulated until the company has 

dividends to be distributed and distributed in one go. 

Debt securities are traded on the bond market and are IOUs that can come in the 

form of bonds or notes. They essentially represent the borrowing of money that will be 

paid back later with interest. 

Interest is the required compensation that entices lenders to lend their money. The 

borrowers will take the money today, use it to finance their operations, and pay back the 

money in addition to a prescribed rate of interest later. 

Bonds are a common type of debt securities such as government bonds, corporate 

bonds, municipal bonds, mortgage bonds, and zero-coupon bonds. 

A debt security is a financial asset created by one party lending money to another. 

For example, corporate bonds are debt securities issued by companies and sold to 

arbitragers. Corporate bond arbitragers lend money to a company in exchange for a pre-

determined amount of interest payments and get back the principal when the bond 

matures. 

Government bonds, on the other hand, are debt securities issued by the 

government and sold to arbitragers. Government bond arbitragers lend money to the 

government in exchange for interest (called a coupon payment) and to get the principal 

back when the bond matures. Debt securities are also known as fixed income securities 

because they generate regular income from the interest paid. 

Because borrowers are legally required to make these payments, debt securities 

are generally considered a lower-risk form of investment compared to equity investments 
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such as stocks. Of course, as is always the case in investing, the true risk of a particular 

security will depend on its characteristics. 

For example, a company with a strong balance sheet operating in mature markets 

may be less likely to default on its debt than a start-up operating in emerging markets. In 

this case, more favourable credit ratings may be given to mature companies. To balance 

risk and reward, companies with higher credit ratings typically offer lower interest rates 

on their bonds, and vice versa. 

Equity securities represent a claim on a company's earnings and assets, while debt 

securities are investments in debt instruments. For example, a stock is an equity security 

while a bond is a debt security. When arbitragers buy corporate bonds, they are effectively 

lending money to the company, and they are entitled to the principal and interest paid 

back on the bond. Conversely, when someone buys stock from a company, they are 

actually buying part of that company. If the company is profitable, the arbitragers will 

also be profitable, but if the company is losing, the stock will also lose. 

 

2.3 Strategies in financial derivatives market 

The derivatives market refers to the financial market for financial instruments 

such as futures contracts or options that are based on the values of their underlying assets. 

Derivative contracts can be classified into the following four types: 

Options are financial derivative contracts that give the buyer the right, but not the 

obligation, to buy or sell an underlying asset at a specific price (referred to as the strike 

price) during a specific period. American options can be exercised at any time before the 

expiry of its option period. On the other hand, European options can only be exercised on 

its expiration date. 

Arbitragers can use options to arbitrage, with unlimited gains and limited risks 

and losses. Therefore, in many cases, using options to replace futures for short-selling 

and arbitrage trading will have less risk and higher returns than simply using futures 

arbitrage. 

In China, arbitragers can have a variety of arbitrage methods using various 

combinations of options. 

  



11 

Figure 2.1 Option Arbitrage 

 

Source: Financial Decision Making Under Risk 

From Figure 2.1, arbitragers can use stocks and options to arbitrage. There are two 

combinations: one is to buy a put warrant while longing a stock; the other is to buy a call 

warrant while shorting a stock, using long arbitrage and short arbitrage respectively.  

Arbitragers can also switch arbitrage, for example, when an arbitrager buys a put 

option and sells a call option, he buys a trade in the underlying futures contract. The strike 

price and expiration date of the call option and the put option are the same, and the 

delivery month of the relevant futures contract and the expiration month of the option 

contract are also the same. 

Arbitragers can also use two-way options to simultaneously buy or sell different 

types of options at the same strike price. Arbitragers can also simultaneously buy or sell 

call options and put options with the same underlying, the same expiration date, but 

different strike prices. 

Arbitragers can also arbitrage by buying and selling call or put option contracts 

on the same commodity, the same expiry month, but at different strike prices at the same 

time. This arbitrage consists of two arbitrage exchanges that buy and sell in opposite 

directions and share the same and cantered strike price. 

Arbitragers can separately sell (buy) options with two different strike prices, and 

simultaneously buy (sell) options with lower and higher strike prices. All options have 

the same type, underlying contract and expiration date, and strike prices are equally 

spaced. 
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Taking stocks as an example, suppose an arbitrager buys 5,000 shares of SAIC 

Motor. When the stock price is 20 yuan, the arbitrager wants to avoid the risk of falling 

stock prices in the market due to certain needs. If the option contract is 20 yuan, then 

arbitragers can choose to buy a put option that matches the time, and pay the premium 

according to the transaction price, if the premium of the option contract you buy is 0.5 

yuan. Then arbitragers lock in the biggest risk of the stock price going down through put 

options. You can imagine that if the stock price continues to fall to 19 yuan or lower, after 

holding to maturity, arbitragers have the right to sell the stock out at the price of 20 yuan. 

Therefore, the more the fall, the greater the gain after the option is up. This part of the 

gain and the loss of holding the underlying stock can offset each other, to achieve the 

purpose of avoiding risks. In addition, the operation of buying put options also gives room 

to profit even when the stock price rises. The combined return of the underlying stock 

and the long-put option is like buying a call option. 

In addition to buying put options to provide protection for their holdings, 

arbitragers can also sell call options in the market, but doing so only provides partial 

protection for the stock. Assume that the sold call option with a strike price of 20 yuan 

also trades at 0.5 yuan. When the stock price rises, the underlying stock makes a profit, 

but the short position of the call option begins to lose money after reaching the breakeven 

point 20.5. 

Futures contracts are standardized contracts that allow the holder of the contract 

to buy or sell the respective underlying asset at an agreed price on a specific date. The 

parties involved in a futures contract not only possess the right but also are under the 

obligation, to carry out the contract as agreed. The contracts are standardized, meaning 

they are traded on the exchange market. 

There are two types of futures: commodity futures and stock index futures. The 

subject matter of commodity futures is agricultural and side-line products, metals and 

energy and other commodities. Financial futures mainly include currency futures, interest 

rate futures and stock index futures. In China, there is only one stock index futures 

contract, namely the CSI 300 stock index futures contract, which was officially listed and 

traded on April 16, 2010. As a type of futures trading, stock index futures are standardized 

futures contracts with the CSI 300 index as the subject matter. Both parties agree to trade 

at a future point in time, and the determined stock price index is used as the basis for 

profit or loss. 
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For example, before the close of a certain day, the CSI 300 index in the spot 

market is 3500 points, and the futures market has a CSI 300 index futures contract that 

expires in 3 months. Very optimistic, so now the price of index futures has reached 3800 

points. 

If arbitragers think that after 3 months, the CSI 300 index will exceed the 3800 

points, arbitragers can buy this stock index futures, that is arbitragers promise to buy the 

market index at a price of 3800 points after 3 months. When the stock index futures rise 

to 3850 points, arbitragers can choose to close the position in advance to take profit and 

sell the futures contract to gain a profit of 50 points, or arbitragers can choose to hold the 

position before closing the position. The arbitrage formula is as follows: 

𝑃𝑟𝑜𝑓𝑖𝑡 = (𝑖𝑛𝑑𝑒𝑥1 − 𝑖𝑛𝑑𝑒𝑥0) × 𝑃0 (2.1) 

Among them: 𝑖𝑛𝑑𝑒𝑥1 is stock index in future, 𝑖𝑛𝑑𝑒𝑥0 is the current stock index, 

𝑃0 is the profit of each lot of the stock index futures. According to the CSI 300 index 

contract, the price of each point is 300 yuan, and each lot of the stock index futures 

contract you hold will receive a profit of 300 × 50 = 15,000 𝑦𝑢𝑎𝑛 (transaction costs are 

not considered for the time being). 

Another situation is, if everyone thinks that the stock index will rise in 3 months, 

the current price of index futures is 3800 points, and arbitragers are not so optimistic, 

arbitragers predict that the stock index will fall in 3 months, arbitragers can sell the 

contract at the spot price of CSI 300 at 3500 points, that is short the stock index. If the 

trend of the stock index after three months is really down, assuming it falls to 3200 points, 

then arbitragers can buy the contract at the price of 3200 points to close the position, then 

arbitragers can get 300 points of income per lot, that is profit of RMB 90,000, which is 

how the stock index is profitable when it falls. 

In China's financial market, arbitragers can use stock index futures for risk-free 

arbitrage. Since the stock index futures contract is a financial futures contract with the 

stock price index as the subject matter, sometimes there is a certain deviation between the 

futures index and the spot index. When the deviation reaches a certain level, there may 

be arbitrage space. Arbitrage with the short-term irrational relationship of the spot index. 

For example, on a certain day, the CSI 300 index futures contract is 4,500 points, 

and the CSI 300 index is 4,000 points, and the price difference between the two reaches 

500 points. Since the price of each point is 300 yuan, in principle, there are 150,000 yuan 

arbitrage spaces in the futures and spot markets. First, sell 1 lot of stock index futures at 

a price of 4500 points in the stock index futures market, and the transaction price is 
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4500 × 300 = 1350,000 𝑦𝑢𝑎𝑛. Then, arbitragers can choose to buy shares in the CSI 

300 stock pool for the same amount. Of course, because there are too many stocks in the 

CSI 300 stock pool, arbitragers cannot buy them all, you can replace them with 

corresponding index funds (such as the SSE 50ETF index fund). 

Assuming that by the settlement date, the CSI 300 index is at 4200, the profit can 

be divided into the following two parts. The total profit formula is as follows: 

𝑃𝑟𝑜𝑓𝑖𝑡𝑡𝑜𝑡𝑎𝑙 = 𝑃𝑟𝑜𝑓𝑖𝑡1 + 𝑃𝑟𝑜𝑓𝑖𝑡2 (2.2) 

Among them: 𝑃𝑟𝑜𝑓𝑖𝑡1  is the money made by shorting the futures contract, 

𝑃𝑟𝑜𝑓𝑖𝑡2 is the return of the fund. The formula for 𝑃𝑟𝑜𝑓𝑖𝑡1 is as follows: 

𝑃𝑟𝑜𝑓𝑖𝑡1 = 𝑖𝑛𝑑𝑒𝑥𝑝 × 𝑃0 (2.3) 

Among them: 𝑖𝑛𝑑𝑒𝑥𝑝  is the point that a short-sold futures contract has a profit, 

𝑃0 is the price of each point. A short-sold futures contract has a profit of 500 points, which 

is converted into cash at 300 × 300 = 90,000 𝑦𝑢𝑎𝑛. The formula for the increase in the 

return of the buying fund is as follows: 

𝑟0 =
𝑖𝑛𝑑𝑒𝑥1 − 𝑖𝑛𝑑𝑒𝑥0

𝑖𝑛𝑑𝑒𝑥0

(2.4) 

Among them: 𝑟0 is the increase in the return of the buying fund, 𝑖𝑛𝑑𝑒𝑥1 is stock 

index at the settlement data, 𝑖𝑛𝑑𝑒𝑥0 is the current CSI 300 index. The formula for the 

𝑃𝑟𝑜𝑓𝑖𝑡2 is as follows: 

𝑃𝑟𝑜𝑓𝑖𝑡2 = 𝑃𝑡 × 𝑟0 (2.5) 

Among them: 𝑃𝑡 is the transaction price. Here this thesis assumes that the fund's 

income will rise in the same proportion, and the income of buying the fund will rise at a 

rate of: (4200 − 4000) ÷ 4000 = 5% , and the fund's income will be 135,0000 ×

5% = 6750 𝑦𝑢𝑎𝑛, and the total profit: 90,000 + 6750 =  96,750 𝑦𝑢𝑎𝑛. 

If the stock index rises by more than 4,500 points and reaches 4,600 points on the 

settlement date, the profit situation is as follows: the short-sold futures contract loses 100 

points, which is −100 × 300 = −30,000 𝑦𝑢𝑎𝑛  when converted into cash. (4600 −

4000) ÷ 4000 = 15% , the fund income is 1350,000 × 15% = 202,500 𝑦𝑢𝑎𝑛 , the 

total profit: −30,000 + 202,500 = 172,500 𝑦𝑢𝑎𝑛. 

If the stock index falls to 3800 points on the settlement day, the profit situation is 

as follows: First, the short-sold futures contract is 700 points of profit, which is 

700 × 300 = 210,0000  when converted into cash. The second is the income from 

buying the fund. Due to the decline in the index, the fund is losing money. The loss ratio 
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is: (4000 − 3800) ÷ 4000 = 5% , the fund loss is 1350,000 × (−5%) =

−67,500 𝑦𝑢𝑎𝑛, and the total profit: 210,000 −  67500 = 142,500 𝑦𝑢𝑎𝑛. 

Forwards contracts are similar to futures contracts in the sense that the holder of 

the contract possesses not only the right but is also under the obligation to carry out the 

contract as agreed. However, forwards contracts are over-the-counter products, which 

means they are not regulated and are not bound by specific trading rules and regulations. 

Since such contracts are unstandardized, they are traded over the counter and not 

on the exchange market. As the contracts are not bound by a regulatory body’s rules and 

regulations, they are customizable to suit the requirements of both parties involved. 

A forward contract is the basis of a futures contract. It is a contract in which both 

parties agree to complete a fixed transaction volume at a fixed price at a fixed time in the 

future. The transaction contract is binding on both parties to the transaction, that is, both 

parties have the obligation to complete the transaction and must not breach the contract. 

For example, the arbitrager opened a pig farm. Arbitragers thought that they could 

make money by raising pigs, but arbitragers soon discovered that the price of pork not 

only fluctuates frequently, but also fluctuates greatly. Arbitragers have calculated the 

cost. If the price of pork is above 8 yuan, it will make money, but the price is unstable. 

At this time, arbitragers found a factory that makes pig sausages. The price of sausages is 

linear and basically does not fluctuate. Sausage factories have the same concern, that if 

pork prices rise, they will lose money. The sausage factory calculated that the pork price 

can be profitable if it is below 12 yuan. So, the arbitrager and the sausage factory signed 

a contract, and the agreed price was 10 yuan, so that both parties could make a profit. 

Swaps are derivative contracts that involve two holders, or parties to the contract, 

to exchange financial obligations. Interest rate swaps are the most common swaps 

contracts entered into by arbitragers. Swaps are not traded on the exchange market. They 

are traded over the counter, because of the need for swaps contracts to be customizable 

to suit the needs and requirements of both parties involved. 

In August 2007, the inter-bank foreign exchange market officially launched the 

RMB foreign exchange currency swap business. In the first few years of business 

operation, due to the complex transaction elements and insufficient actual demand, the 

currency swap market was still in its infancy and cultivation stage, with few transactions 

and insufficient liquidity. In 2014, the RMB exchange rate bid farewell to the trend of 

unilateral appreciation and entered a two-way fluctuation. With the rise of exchange rate 

volatility, the demand for exchange rate hedging of foreign currency assets and liabilities 
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has also increased. In 2014, the volume of interbank currency swaps reached US$10 

billion for the first time, a leap-forward increase from the average US$5 billion volume 

in the previous two years. After the renminbi was officially included in the SDR in 2016, 

the demand for Chinese assets from overseas arbitragers exploded, and the ensuing 

exchange rate hedging demand made the volume of interbank currency swaps jump to 

more than US$20 billion in 2016. In 2016, the number of members in the interbank 

foreign exchange currency swap market reached 138, a significant increase from 84 and 

99 in 2014 and 2015. According to the data of the foreign exchange trading center, the 

newly added currency swap members after 2014 are mainly foreign central bank 

institutions and overseas participating banks, while the domestic currency swap members 

have not grown significantly. It can be seen that after the domestic inter-bank bond market 

was officially opened to the three types of overseas institutions, the transaction demand 

for currency swaps mainly came from the exchange rate hedging demand of overseas 

members. 

2.4 Strategies in Foreign exchange market 

The foreign exchange market is a decentralized and over-the-counter market 

where all currency exchange trades occur. It is the largest (in terms of trading volume) 

and the most liquid market in the world. On average, the daily volume of transactions on 

the forex market totals $5.1 trillion, according to the Bank of International Settlements’ 

Triennial Central Bank Survey 2016. 

The forex market major trading canters are in major financial hubs around the 

world, including New York, London, Frankfurt, Tokyo, Hong Kong, and Sydney. Due to 

this reason, foreign exchange transactions are executed 24 hours, five days a week except 

weekends. Despite the decentralized nature of forex markets, the exchange rates offered 

in the market are the same among its participants, as arbitrage opportunities can arise 

otherwise. 

The foreign exchange market is probably one of the most accessible financial 

markets. Market participants range from tourists and amateur traders to large financial 

institutions (including central banks) and multinational corporations. 

Also, the forex market does not only involve a simple conversion of one currency 

into another. Many large transactions in the market involve the application of a wide 

variety of financial instruments, including forwards, swaps, options, etc. 
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Assume that the EUR/JPY forex pair is quoted at 122.500 by the Bank of London 

and 122.540 by the Bank of Tokyo. A trader with both offers will be able to buy the 

London price and sell the Tokyo price. When the price later converges to say 122.550, 

traders will close both trades. Tokyo positions will fall by 1 pip and London positions 

will increase by 5 pips, thus reducing the trader's transaction costs by 4 pips. 
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3 Arbitrage Strategies and Their Identification 

In the broad sense of arbitrage, the business of any financial institution can be 

regarded as arbitrage in a certain sense or degree. For example, a bank's deposit and loan 

business can be regarded as a combination of risk arbitrage and term arbitrage. Banks 

pool a large amount of risk by holding many loan positions of different enterprises. 

Compared with arbitragers lending to enterprises themselves, according to the law of 

large numbers, the overall risk will be reduced after the accumulation of not completely 

related risks, so it can earn profit from risk arbitrage. In addition, banks use short-term 

deposits of arbitragers for long-term loans to earn profits from term arbitrage. Since China 

is currently in a period of transition from a planned economy to a market economy, the 

market economy system has not been fully established. As a difficulty in economic 

system reform, the financial system is still in the stage of underdevelopment and 

imperfection. The definition of arbitrage is to use the imperfection of the price system in 

the market to obtain profits through buying and selling. Arbitrage is essentially a means 

of market governance. The difference between arbitrage and investment lies in their 

different purposes. The purpose of investment is to buy and invest money to gain value, 

while the purpose of arbitrage is to buy and sell, and to use the imperfect market to earn 

the difference. This thesis will cover 8 arbitrage strategies that will work. This thesis will 

focus on statistical arbitrage. And in chapter 4, this thesis will describe how to use 

statistical arbitrage for arbitrage. 

3.1 Spatial or geographic arbitrage 

Spatial arbitrage refers to buying a commodity at a low price in one market and 

selling the same commodity at a high price in another market to earn the difference 

between the two prices. Spatial arbitrage is a relatively simple arbitrage method. To make 

spatial arbitrage profitable, the price difference between the two markets must be 

sufficient to cover the transaction and transportation costs incurred, and the effect of 

arbitrage will bring the two markets back to a new equilibrium. In this state, arbitrage 

activities cannot obtain excess profits. The ideal simplified situation is the law of one 

price, that is the prices of the same commodity in different places should tend to be the 

same. With the development of information, the opportunities for spatial or geographic 

arbitrage become less and less. And if they appear, arbitrage opportunities are fleeting 

because of a large number of arbitrage activities. Now, geographic arbitrage is more of a 
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mindset. Therefore, this thesis sees that more and more venture capitalists are focusing 

on emerging markets, applying business models that have been successful in other 

countries to replicate overseas. For example, the success of Uber, a shared car has 

gradually evolved into China's Didi Taxi. There is also geographic arbitrage in education 

in China because there is a saying in China that the housing price near the school will be 

much higher. 

In fact, everyone has a way of geographic arbitrage. For example, individuals can 

choose to work remotely. Just like Chinese programmers, benefiting from the dividends 

of technological development and globalization, remote work can benefit a lot through 

geographic arbitrage. It is also possible to diversify the currency in China and make global 

investments. Take bank deposits as an example. In China, the deposit interest rate is only 

about 3%, and the RMB may depreciate at any time. However, if arbitragers change the 

country and change the currency to deposit, the annual deposit interest rate in some places 

can even reach 8%. It can also be said to be a good geographical arbitrage. 

Let's take the real estate investment that everyone likes to do, the most critical 

factor to consider is the real estate rental rate and future real estate appreciation. In some 

new first-tier cities in China, the housing prices in these cities are far less high than those 

in Beijing and Shanghai, but the rents in these new first-tier cities are not much lower 

than those in Beijing and Shanghai. In terms of rental returns, they are even higher than 

those in Beijing and Shanghai. Much higher, so there is also geographic arbitrage in real 

estate. 

For example, in China, Hong Kong can be used for geographic arbitrage. Most 

people know that Hong Kong is very cheap to buy things, such as milk powder, cosmetics, 

famous brand bags, etc. In fact, this is also geographic arbitrage, but there is more in-

depth geographic arbitrage. 

Arbitragers can register a Hong Kong company, because Hong Kong's policies 

are very favourable, and the taxation of mainland China and Hong Kong is very different. 

And arbitragers can use Hong Kong companies to link the mainland and even the 

international market. Opening a company in Hong Kong has many advantages, such as 

high international reputation, convenient international trade, simple registration process, 

low tax rate, less tax, convenient foreign exchange settlement, no restrictions on business 

scope and regional scope, no restrictions on arbitragers, shareholders, directors, etc. If the 

business is not in Hong Kong, you can directly do 0 tax declaration. Anyway, registering 
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a Hong Kong company is more cost-effective than registering a company in mainland 

China. 

At the same time, arbitragers can also use Hong Kong insurance for geographical 

arbitrage. Unlike the closed-door countries in other places, in Hong Kong there is more 

complete free competition, so the products can only be continuously optimized and 

upgraded, otherwise arbitragers will eventually be eliminated by the market. Therefore, 

Hong Kong insurance has many advantages. The underwriting is strict, but the entry is 

strict, and the exit is strict. The underwriting of Hong Kong insurance is strict, and the 

principle of highest integrity is adopted, there is no past disease, surgical records and 

chronic medical history, or the insurance amount is lower than the exemption limit 

(different insurance companies). The amount of exemption from physical examination is 

different. Generally, physical examination is not required, but there is a possibility of 

being randomly checked; however, if the insured has a history of disease or other health 

conditions, arbitragers should take the initiative to declare. And it is cost-effective, for 

example, the determination of critical illness insurance premiums is based on the average 

life expectancy, probability of illness and age at the time of insurance. As Hong Kong, 

which has the highest average life expectancy in the world (currently, the average life 

expectancy of Hong Kong people is 81.3 years for men and 87.3 years for women) 

corresponding to the same age. The mortality rate in Hong Kong is also lower than that 

in the mainland, so Hong Kong’s critical illness insurance premiums are about one-third 

cheaper. To diversify currency risk, Hong Kong's policy payment currency can choose 

Hong Kong dollar and US dollar, which is a good diversification method for most of us 

who own RMB assets. To resist medical inflation, simply take serious illness as an 

example, and there are dividends, which can resist medical inflation and so on. 

3.2 Time Arbitrage or Carrying Cost Arbitrage 

Time arbitrage refers to buying a commodity at a low price at one moment and 

selling it at a higher price at another moment in the future. The pricing formula is as 

follows: 

𝐹 = 𝑆 × (1 + 𝑅𝑇) (3.1) 

Among them, 𝐹 is forward price at time 𝑇, 𝑆 is spot price at time 𝑇, 𝑅 is risk free 

rate. The formula is about forward price in financial engineering is the application of this 

arbitrage. Buying the spot now and selling it for delivery in the future requires costs, that 

is, holding a position requires funds, and funds have time value (more strictly speaking, 
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time cost here), commodities and storage costs. On the other hand, there are certain 

benefits to be gained from holding certain types of commodities. The difference between 

the cost and the benefit is the net holding cost of holding the commodity. The no-arbitrage 

pricing theory makes the spot and forward prices of the commodity satisfy the formula 

mentioned above. If it is not satisfied, such as 𝐹𝑆(1 + 𝑅𝑇), you can do this and buy the 

commodity at the price 𝑆 in the current period, hold the commodity and sell it at the pre-

determined forward price 𝐹  at the end of the expiration, 𝐹 − 𝑆(1 + 𝑅𝑇)  . That is 

arbitrage profit. The launch of China's stock index futures has led to an operation called 

futures and spot arbitrage in the market, that is using the price difference between the 

index futures price and the underlying CSI 300, using the forward pricing formula, or 

buying futures and selling the corresponding index at the same time stock, or selling the 

futures and buying the stock corresponding to the index to earn the difference. Due to the 

imperfect market price in China, this operation has achieved a lot of excess profits after 

the launch of stock index futures. However, with the popularization of such arbitrage 

operations, it is expected that such arbitrage will be difficult to maintain lasting excess 

profits. 

There are other methods of time arbitrage, where arbitragers can use options to 

buy a stock when it falls or to profit when it doesn't. The arbitragers identify the stocks 

arbitragers intend to hold for the long term. Then arbitragers sold a put option. If the stock 

doesn't fall, meaning its value continues to rise or stay above the strike price, arbitragers 

can keep the sell premium and end up not holding the stock. If the stock falls to the strike 

price, the arbitragers buy the stock at the lower effective price because the option 

premium charged to date offsets some of the purchase cost. The risk is that the stock is 

well below the strike price, which means that the arbitragers will end up buying shares in 

the company arbitragers wants to own at a premium to the market price. 

For example, the stock of company A is a dazzling arbitrager with ever-increasing 

profits thanks to a new revolutionary product. The stock is currently trading at 270 yuan, 

and the price-earnings ratio is very reasonable, the valuation is for the rapid development 

of the company. If arbitragers are optimistic about their prospects, arbitragers can buy 

100 shares for 27,000 yuan, plus commissions and fees. Alternatively, arbitragers can sell 

a 250 yuan put option that expires in January for 30 yuan and expire in two years. This 

means that the option will expire on the third Friday of January in two years, with an 

exercise price of 250 yuan. An options contract covers 100 shares and allows arbitragers 

to receive an option premium of 3,000 yuan over time. By selling this option, arbitragers 
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agree to buy 100 shares of company A at a price of 250 yuan within one month after two 

years. Obviously, since the stock of company A is priced at 270 yuan today, a put buyer 

would not ask arbitragers to buy the stock at 250 yuan. So, arbitragers can collect the 

premium while arbitragers wait. If the stock falls to 250 yuan before expiry in January in 

two years, arbitragers will be required to buy the 100 shares at that price. But arbitragers 

will keep the premium of 30 yuan per share, so net cost of arbitragers will be 220 yuan 

per share. If the stock never drops to 250 yuan, the option will expire worthless, and 

arbitragers will keep the full 3000 yuan premium. In summary, as an alternative to buying 

100 shares for 27,000 yuan, arbitragers can sell the put option and reduce the net cost to 

220 yuan /share (or 22,000 yuan /share if the price drops to 250 yuan /share). If the option 

expires worthless, arbitragers can keep the premium of 30 yuan per share, which translates 

to a 12% return on the 250 yuan bid price. Selling put options on securities arbitragers 

want to own is very attractive. If company A refuses, arbitragers need to pay 25,000 yuan 

to buy the shares for 250 yuan. Since arbitragers keep 3000 yuan premium, net cost of 

arbitragers will be 22,000 yuan. 

3.3 Tax arbitrage 

It is a way to make use of the difference in tax rates of different taxpayers to 

transfer profits from taxpayers with high tax rates to taxpayers with low tax rates by 

buying and selling certain types of goods, or transfer profits from areas with high tax rates 

to those with low tax rates. The way is the region that obtains benefits. John Marshall 

mentioned the emergence of high-tax companies in the United States holding preferred 

shares issued by low-tax companies as an example of tax arbitrage. In China, there is a 

lot of tax arbitrage, that is the transfer of profits to taxpayers with lower tax rates through 

affiliated transactions between parent-subsidiary or sibling companies at non-market 

prices. Many multinational companies’ subsidiaries in China use this method to sell 

certain types of technology, trademarks or core components and other assets to their 

domestic subsidiaries through foreign parent companies at non-market prices to transfer 

profits, thereby avoiding tax obligations in China. Other examples include the adoption 

of a trust plan or partnership rather than a limited liability company, and the transfer of 

tradable shares after the IPO to tax-advantaged provinces or territories, and so on. Since 

taxation is an unavoidable factor in any market economic activity, it is crucial for the 

practice of financial engineering to consider the taxation impact of financial activities. 
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3.4 Risk arbitrage 

Risk arbitrage refers to an arbitrage method that reduces the overall risk by 

pooling different risks and earns a risk premium. According to the principle of large 

numbers, when multiple risks that are not related to each other (or related but not 

completely related) are aggregated, the overall risk will be greatly reduced. Since 

economic entities are generally risk-averse, under the condition that other conditions 

remain unchanged, the increased value of risk reduction, the economic entity is willing 

to pay for the increased value, and this cost is the source of profit for risk arbitrageurs. 

Insurance is a typical application of this arbitrage. Funds and other diversified investment 

financial instruments can also be regarded as a certain degree of application of risk 

arbitrage. 

3.5 Term arbitrage 

Term arbitrage utilizes the inconsistent yields of products with the same other 

conditions but different terms in the financial market and obtains profits by compounding 

or splitting products and converting products with different terms. In financial theory, the 

relationship between maturity and yield is called the term structure of interest rates, and 

the term structure of financial products with different terms under the same other 

conditions, represented by a chart, is called the yield curve. Under normal circumstances, 

the term structure of interest rates is characterized by an upward-sloping yield curve. 

A common spread arbitrage in China's bond market is essentially a form of term 

arbitrage. That is by purchasing treasury bonds or credit bonds with a longer term, 

assuming the purchase of AA credit bonds with a maturity of 5 years, the yield to maturity 

is 7%. The interest rate is 3%. After the repurchase, transaction expires, the second 

repurchase transaction is carried out at the repurchase rate at the expiry time. Repeatedly, 

if the yield curve does not change, this arbitrage operation can be carried out. Earn 4% 

per annum with no capital or a small amount of your own capital. Through term arbitrage, 

arbitragers essentially play the function of providing liquidity to the financial market, 

which is one of the core functions of financial enterprises. 

3.6 Liquidity arbitrage 

Liquidity arbitrage refers to arbitrage by using the price difference of commodity 

prices when other conditions are the same, but the market liquidity is different by 
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providing liquidity to the market. The price decision of financial products is determined 

at the balance point of supply and demand, so at this price point, if there is a change in 

supply or demand, it will cause supply and demand to move to a new balance point for 

arbitragers if arbitragers want. If arbitragers need to buy or sell a financial product at the 

current price, the act of buying or selling will lead to an unfavourable price change, that 

is if arbitragers need to buy, the price will be at the current price due to the increase in 

market demand. The base rises, resulting in it being unable to buy enough of the product 

at the desired price. If it needs to be sold, due to the increase in market supply, the price 

will fall on the basis of the current price, resulting in the inability to sell a sufficient 

amount of the product at the desired price. In financial theory, the degree of influence of 

a certain amount of a product bought and sold on its current price or the difference 

between a product's bid and ask prices is often used to measure the liquidity of a product. 

For some financial products, there are many of them. Therefore, the liquidity is good, and 

buying or selling a certain amount has less impact on the price, while for some products, 

there are fewer demand and supply sides, so the liquidity is very poor, buying or selling 

a certain amount has a great impact on the price. For such commodities, liquidity arbitrage 

is very promising. 

The success of Nasdaq in the United States is closely related to its implementation 

of the market maker system, which provides liquidity to the market through market 

makers and acts as a counterparty for arbitragers to buy or sell at a certain price, which 

greatly reduces the arbitragers ' liquidity risk, thus attracting many arbitragers to 

participate. Many other countries and regions such as Hong Kong launched exchanges 

similar to Nasdaq, which have not developed due to insufficient liquidity. The current 

reduction of large-scale transactions in China's financial market can also be regarded as 

an application of liquidity arbitrage, that is stockholders who need short-term realization, 

because they are worried that a large reduction in their holdings in the short term will 

cause a major downward impact on current prices. However, the stocks they hold are 

transferred to a special investment institution through bulk transactions at a certain 

discount, and the investment institution will slowly clear it out in instalments in the next 

period, so that it will not have a big impact on the price. The arbitrage interest of the 

investment institution is the difference between the selling and buying prices. 

In the early stage of the development of asset-backed securities, according to 

classical financial theory, when new financial products are not easily priced because they 

are not familiar to most arbitragers when they are first launched, they will face the 
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problem of insufficient liquidity. Acting as a market maker for liquidity arbitrage is very 

critical. It is not only a prerequisite for the effective development of the market, but also 

brings a lot of profits to the market maker. 

3.7 Product switching arbitrage 

Financial products can be regarded as a series of specific cash flows. Product 

conversion refers to dividing or combining the cash flows of specific financial products 

to construct a new series of cash flows, that is new financial products. Arbitrage the 

difference between the price and the original cash flow price. 

Financial products with the same cash flow have the same value to arbitragers for 

their own use. However, after considering the exchange value, it cannot necessarily come 

to the conclusion that the price of the product is the same, that is the pricing of financial 

products does not necessarily satisfy the linear pricing principle, which is the theoretical 

basis of product switching arbitrage. There are many assumptions in theory whether 

financial products meet the linear law, but it is easy to find in daily life that the price of 

beef noodles made from a piece of beef and a bowl of noodles is higher than the price of 

the beef and noodles used. This should generalize to the pricing of financial products. 

Obviously, the price of financial products conforms to the linear law, which should be the 

characteristic of the complete efficiency of the financial market, and this perfection is 

gradually obtained through arbitrage. 

The structural design of financial products is a form of product conversion 

arbitrage. One of the practical reasons for the structured design may be that some financial 

institutions are restricted by investment. For example, insurance companies can only 

invest in credit bond products above AA level, even if the insurance company is 

considering the risk of default. After the factors and risk premium, they were more willing 

to buy low-risk credit bond products. The existence of investment restrictions will make 

high-credit bonds above AA priced high, that is investing in high-credit bonds, the income 

obtained does not match the risks and funds invested, which is not worth the loss, only 

due to policy restricted as a last resort. In this case, a structured product is designed to 

change the cash flow distribution method of the low credit level product, so that the 

insurance company will be paid first, and other arbitragers will receive cash flow payment 

after the insurance company is paid. The redistribution of cash flow makes the risk 

transfer between the priority products and the secondary products. Through the structural 

design, the priority products are sold to the investment-restricted insurance institutions at 
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high prices, which originally could not be invested by the insurance institutions. is 

profitable. 

Restrictions on investment varieties can be regarded as a form of market 

segmentation. Through structural design, financial products can be converted so that 

products can be traded in markets that could not be traded before. Arbitragers who buy 

can also be regarded as a certain degree of geographic arbitrage, that is buying at a low 

price in one market and selling at a high price in another market. Product switching 

arbitrage opportunities can also arise when there is a strong preference in the financial 

market for a particular grade of debentures. 

 

3.8 Statistical arbitrage 

In China, the main arbitrage is the arbitrage of stock index futures. Based on the 

CSI 300 ETF, this thesis conducted an empirical study on the statistical arbitrage of stock 

index futures. The research of this thesis on the statistical arbitrage of stock index futures 

has three steps: the first step is to construct a spot position, the second step is to determine 

the transaction threshold to identify the start and end signals of the arbitrage, and the third 

step is to select the statistical arbitrage trading model. For the establishment of spot 

positions, this thesis first selects two mature CSI 300 ETF funds, Huatai-Pinebridge CSI 

300ETF and Harvest CSI 300ETF. For the setting of the arbitrage trading threshold in the 

arbitrage trading strategy, the trading threshold when the arbitrage income reaches the 

maximum value is calculated by using the arbitrage expected return function. 

3.8.1 Cointegration and Error Correction Models 

In the process of statistical arbitrage, the basic idea of statistical arbitrage is mean 

reversion, and its actual concrete manifestation is the idea of cointegration. If there is a 

long-term equilibrium relationship between the two economic variables, then when the 

two prices deviate, this thesis think this is only a temporary phenomenon, and the price 

difference between the two will always return to a reasonable range. Assets that will rise, 

while selling assets whose prices are overvalued will inevitably fall, when the price 

difference between the two returns to the equilibrium value, close the position to make a 

profit. Otherwise, do the opposite. If there is no cointegration relationship between the 

two economic variables, arbitrage trading may make mistakes even if the spread series 
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deviates greatly. Therefore, before conducting statistical arbitrage trading, it is necessary 

to first study the cointegration relationship between the two. 

3.8.2 Unit root test 

When testing the cointegration relationship between variables, the first step is to 

carry out unit root testing, that is to test whether the two economic variables have the 

same number of unit roots, that is the so-called single-integration relationship of the same 

order. Currently, DF and ADF tests are widely used. In the 1970s and 1980s, Dickey-

Fuller established a test method, named after him as the DF test. Since the DF test is only 

suitable for testing the first-order autoregressive process and cannot test the p-order 

autoregressive process, Dickey-Fuller On this basis, the DF test is modified and 

expanded, and the ADF test is defined to test the unity of the time series. First set the 

regression equation, introduce the lag difference term ∆𝑦𝑡−𝑖 of the dependent variable 𝑦𝑡, 

on the right side of the equation, and set the time series to be a 𝑝-order autoregressive 

process, namely AR (𝑝). The regression equation of the ADF test is as follows: 

 

∆𝑦𝑡 = 𝛾𝑦𝑡−1 + ∑ 𝛽𝑖∆𝑦𝑡−𝑖

𝑝

𝑖=1

+ 𝜀𝑡 (3.2) 

Among them: 𝑦𝑡 is the time series data, 𝑡 is the time trend term, 𝜀𝑡 is the error term, 𝛽𝑖 is 

coefficient and 𝑝 is the lag term. Hypothesis: null hypothesis 𝐻0  : 𝛾 = 0, alternative 

hypothesis 𝐻1: 𝛾 < 0. If the null hypothesis is rejected, it means that there is no unit root, 

and the time series is stationary. If the null hypothesis cannot be rejected, only the null 

hypothesis can be accepted, indicating that the time series has a unit root and the time 

series is not stationary. Then, the original time series is differentiated (this can increase 

the constraints), and the unit root test is continued on the differentiated sequence data 

until the result is that the null hypothesis is rejected. If the null hypothesis cannot be 

rejected after many differences, the original sequence is a unit root sequence. In formula 

(3.2), in order to ensure that the error term 𝜀𝑡 is white noise, 𝑝 must be large enough to 

eliminate the autocorrelation of 𝜀𝑡, and 𝑝 must be small enough to ensure that the test 

formula has more degrees of freedom. 

3.8.3 Cointegration Test 

Defined by cointegration, it can be determined whether there is a cointegration 

relationship among N time series data by performing a unit root test on the unbalanced 
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error series. The null hypothesis 𝐻0: the unbalanced error sequence has a unit root, and 

the alternative hypothesis 𝐻1: the unbalanced error sequence does not have a unit root. 

The corresponding test is: Null hypothesis 𝐻0: There is no cointegration relationship 

among N time series, and the alternative hypothesis is 𝐻1  : The sequence has a 

cointegration relationship. Therefore, the equilibrium relationship between the time series 

can be tested by the ADF statistic. The steps are as follows: 

If the 𝑘  sequences 𝑦1𝑡 , 𝑦2𝑡 ,..., 𝑦𝑘𝑡  are all first-order single integral sequences, 

establish the regression equation: 

𝑦1𝑡 = 𝛽1 + 𝛽2𝑦2𝑡 + ⋯ + 𝛽𝑘𝑦𝑘𝑡 + 𝜇𝑡 (3.3) 

Among them, 𝛽1, 𝛽2, ..., 𝛽𝑘 are the least squares estimators. The model estimated 

residuals are: 

𝜇𝑡 = 𝑦1𝑡 − 𝛽1 − 𝛽2𝑦2𝑡 − ⋯ − 𝛽𝑘𝑦𝑘𝑡 (3.4) 

The residual sequence should be. The unit root test is performed to determine 

whether the time series has a cointegration relationship. If the residual series is stationary, 

there is a cointegration relationship between the variables. 

 

3.8.4 Error correction model 

The Error Correction Model was first proposed by Sargon (1964) and further 

improved by Hen-Anderson and Davidson (1977) and others. There are two types of error 

correction models: single equation and multi-equation. This thesis only introduces the 

single-equation model. The model expression is as follows: 

∆𝑦𝑡 = 𝛽0∆𝑥𝑡 + 𝛽1𝐸𝐶𝑀𝑡−1 + 𝑣𝑡 (3.5) 

Among them, 𝛽1𝐸𝐶𝑀𝑡−1 represents the error correction term, and 𝐸𝐶𝑀𝑡 = 𝑦𝑡 −

𝛼0 − 𝛼1𝑥1 , which is the unbalanced error, 𝛽1  is the correction coefficient, which 

represents the correction speed of the error correction term to ∆𝑦𝑡, 𝑣𝑡 is the random error 

term, and 𝑦𝑡 = 𝛼0 + 𝛼1𝑥1 represents the long-term equilibrium relationship between 𝑦𝑡 

and 𝑥𝑡. 

Advantages of error correction models: 

In the above formula, the least squares estimator of the regression parameters has 

excellent characteristics, there is no spurious regression problem, and the 𝐸𝐶𝑀𝑡  has 

stationarity if and only if there is a cointegration relationship between 𝑦𝑡 and 𝑥𝑡. 

The error correction model has parameters describing both the short-term model 

and the long-term model, which not only studies the long-term economic problems, but 
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also shows the short-term economic characteristics. The static equilibrium relationship 

under the time series is realized by continuous adjustment in the dynamic process. 

If the cointegration relationship between two time series is discussed, 𝛽𝑖 must be 

negative, because the error correction mechanism should be a feedback process. If the 

cointegration relationship between multiple time series is discussed, 𝛽𝑖  is not necessarily 

negative. 

3.8.5 GARCH model 

Most of the economic time series data do not have a fixed variance but show a 

relatively stationary phase after a certain high volatility. The main purpose of introducing 

the residual series fluctuation model is as follows. First, the so-called program is related 

to the study of the characteristics of economic time series data. For example, random 

inspection of GDP, fiscal data, interest rates, exchange rates do not have a fixed mean 

and variance, many data seem to have a decisive trend or exhibit high or low volatility. 

The variance of a random sequence is fixed is called homoscedasticity, otherwise it is 

heteroscedasticity. For the volatility exhibited by time series data, although the variance 

of some data is usually large, the variance without setting conditions is generally constant. 

Second, mining the heteroscedasticity of time series data. Many arbitragers are interested 

in the volatility of returns over an asset's holding period, not the volatility over historical 

periods. Therefore, the introduction of residual series fluctuation model is helpful to 

predict conditional heteroskedasticity. 

Suppose this thesis predict model 𝑦𝑡 = 𝑎0 + 𝑎1𝑦𝑡−1 + 𝜀𝑡, the conditional mean 

of 𝑦𝑡+1  is 𝐸(𝑦𝑡+1) = 𝑎0 + 𝑎1𝑦𝑡 , and the conditional variance is 𝑉𝑎𝑟(𝑦𝑡+1|𝑦𝑡) =

𝐸(𝜀𝑡+1)2, then: 

𝜀𝑡
2 = 𝛼0 + 𝛼1𝜀𝑡−1

2 + 𝛼2𝜀𝑡−2
2 + ⋯ + 𝛼𝑞𝜀𝑡−𝑞

2 + 𝑣𝑡 (3.6) 

𝑣 is a white noise sequence. 

𝐸(𝜀𝑡+1)
2 = 𝛼0 + 𝛼1𝜀𝑡

2 + 𝛼2𝜀𝑡−1
2 + 𝛼𝑞𝜀𝑡+1−𝑞

2 (3.7) 

Equation (3.6) is the ARCH model, which is called obeying the ARCH(q) process 

and denoted as 𝜀𝑡~𝐴𝑅𝐶𝐻(𝑞). The basic idea of the ARCH model is to introduce the 

variation of variance with time into the model to analyse the variation of the variance of 

the current period depending on the disturbance term of the previous period. 

The LaGrange multiplier (LM) test can be used to test whether the time series has 

an ARCH effect, which consists of the following two steps: use the least squares to 

estimate the regression equation or the ARCH model and make 𝜀𝑡
2 equal to the square of 
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the fitted variance. Regress these residual squares 𝜀𝑡−1
2 , 𝜀𝑡−2

2 , … , 𝜀𝑡−𝑞
2  and fix the lag order 

𝑅2 to check whether the coefficients in equation (3.6) are all 0 at the same time. Usually, 

the coefficient of determination 𝑅2 in the regression equation is small and has little 

explanatory effect. Using the number of samples and the number of observations n, the 

test statistic 𝐿𝑀 = 𝑛𝑅2 , where n represents the number of observations, 𝑅2  is the 

coefficient of determination, and 𝐿𝑀~𝜒2(𝑞). If the probability of the coefficients being 

0 at the same time is very small, or if one coefficient is significantly different from 0, the 

sequence data is considered to have an ARCH effect; if all the coefficients are 0 at the 

same time, it is considered that there is no ARCH effect. The null and alternative 

hypotheses are: 𝐻0: 𝛼1 = 𝛼2 = ⋯ = 𝛼𝑞 = 0, 𝐻1: ∃𝛼_𝑖 ≠ 0，（1 ≤ 𝑖 ≤ 𝑞） 

Given a significant level 𝛼 and degrees of freedom 𝑞, if 𝐿𝑀 > 𝜒2(𝑞), reject the 

null hypothesis, accept the alternative hypothesis, and consider that the sequence has an 

ARCH effect, if 𝐿𝑀 < 𝜒2(𝑞), accept the null hypothesis and think that the sequence does 

not have an ARCH effect. 

In practice, the ARCH model will encounter the problem of infinite expansion of 

the lag order 𝑞 . Usually, the regression coefficient obtained may be negative, which 

violates the original assumption that the coefficient is non-negative. Only if the 

coefficient is non-negative can the variance 𝜀𝑡
2 be constant and positive. Therefore, we 

introduce a generalized autoregressive conditional difference variance model, that is the 

GARCH model, which is like the ARCH model. It also models the random disturbance 

term of the regression model. The form is as follows: 

𝜀𝑡 = 𝑣𝑡√ℎ𝑡, where 𝜎𝑣
2 = 1, and 

ℎ𝑡 = 𝛼0 + ∑ 𝛼𝑖𝜀𝑡−1
2

𝑞

𝑖=1

+ ∑ 𝛽𝑗ℎ𝑡−𝑗
2

𝑝

𝑗=1

(3.8) 

This sequence is called a generalized 𝐴𝑅𝐶𝐻 (𝑝, 𝑞)  model or 𝐺𝐴𝑅𝐶𝐻(𝑝, 𝑞) 

model, which allows autoregressive and moving autoregressive heteroscedasticity. If we 

set 𝑝 = 0, 𝑞 = 1, then the GARCH model is a first-order ARCH model. Therefore, if 𝑏 =

0, then the GARCH model is equivalent to the ARCH model. The benefits of the GARCH 

model are obvious, the GARCH model is better for prediction and calculation, while the 

higher-order ARCH model is much worse. In Equation (3.8), all coefficients are positive, 

and to ensure a suitable variance, all eigenvalues fall within the unit circle. Obviously, 

the worse the performance, the smaller the bounds on the coefficients. 
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3.8.6 Select the transaction object 

A complete statistical arbitrage model should include selecting appropriate 

trading objects, constructing investment portfolios, and establishing arbitrage entry 

points, exit points and stop loss points. The key lies in the setting of the entry point, exit 

point, and stop loss point of the arbitrage interval. The selection of the transaction 

threshold is directly related to the profit margin of the arbitrage and the success of the 

arbitrage. 

When selecting trading objects for statistical arbitrage, there is often a strong 

correlation between trading objects. This thesis selects the CSI 300 ETF with small 

tracking error and high correlation with the CSI 300 index to study the futures and spot 

arbitrage of stock index futures. At the same time, the CSI 300 stock index futures also 

directly track the CSI 300 index, which is basically the same as the CSI 300 index, which 

greatly improves the efficiency of arbitrage, that is the possibility of successful arbitrage. 

At the same time, in terms of the frequency of data selection, the selection of high-

frequency trading data is also of great help to the realization of arbitrage. High-frequency 

trading data refers to sample data drawn at time intervals such as seconds, minutes, and 

hours. Compared with high-frequency data, daily, weekly, and monthly data are low-

frequency data. At the same time, ultra-high-frequency data cannot be ignored. Trading 

data, UHF data reflects the dynamic process of continuous changes in price. In the 

selection of sample data, if low-frequency data is selected, the arbitrage result will be 

unsatisfactory, and the market will lose more. Therefore, more and more arbitragers in 

the financial sector are using high-frequency data. In the early days, it was difficult to 

obtain high-frequency data. With the development of modern information technology, the 

acquisition of high-frequency data is convenient, so its application research has become 

more and more extensive. At the same time, due to the high sampling frequency of high-

frequency data, the price contains a lot of rich information, so it has a strong market 

representation. Using high-frequency financial data allows us to explore the financial 

market price formation mechanism in more detail, understand the market organization 

structure, and master the market transaction mechanism.  

This thesis selects Huatai-Pinebridge CSI 300ETF and stock index futures 

contract IF2101, selects 240 1-minute high-frequency trading data in the data area of 

2020.12.25, and selects 240 data in the out-of-sample data range from 2020.12.18, 

2020.12.26, 2021.1.6 and 2021.1.12 1-minute high-frequency trading data, excluding the 
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data of stock index futures and ETF transactions that are not synchronized, select a total 

of 1200 1-minute high-frequency trading data from 9:31 to 11:30, and 13:01 to 15:00. 

The five days using transaction data are randomly selected. Based on this, this thesis can 

find arbitrage opportunities for stock index futures and ETF futures. 

3.8.7 Portfolio building 

The key to building an investment portfolio is to select an asset portfolio that is 

highly correlated, long-term balanced, and has high market liquidity. High market 

liquidity can ensure that arbitragers can obtain expected returns regardless of market 

conditions. This thesis takes the CSI 300 ETF as a spot position and studies the futures 

arbitrage situation of the CSI 300 stock index futures based on the CSI 300 ETF. The spot 

and futures track the CSI 300 index at the same time, and the CSI 300 ETF is used to 

simulate the stock index futures. The spot portfolio has a strong market. representative. 

Assuming that the HS300 stock index futures price sequence is 𝑃𝑟𝑖𝑐𝑒 (𝐼𝐹𝑡) and 

the spot position CSI 300 ETF price sequence is 𝑃𝑟𝑖𝑐𝑒 (𝐼𝑡), observing the correlation 

between the two-time series, only the two-time series with higher correlations have the 

possibility of successful arbitrage. The specific operation steps of statistical arbitrage 

based on cointegration are as follows: To examine the stationarity of two time series, if 

two non-stationary time series data are used to establish a regression model type, which 

will lead to incorrect results, they usually introduce the concept of cointegration to 

describe the long-term equilibrium relationship between the two series. First, perform the 

unit root (ADF) test on the two time series data to observe the stationarity of the two-time 

series, and then pass the cointegration test to see whether there is a cointegration 

relationship between the two, that is, a long-term stable relationship. This stable 

relationship will not change with time. It changes over time, that is, when the price 

difference between the two-time series deviates from the equilibrium value, it will always 

return to the mean value after a period. The basic idea of cointegration test is to test the 

stationarity of two-variable regression residuals. By establishing the regression variance 

of two time series variables, observe the degree of explanation of the dependent variable 

by the independent variable. The residual indicates that the dependent variable cannot be 

explained by the independent variable, so the residual series is tested for the cointegration 

relationship between unit roots. If there is a cointegration relationship, it means that there 

is an arbitrage opportunity between the two, and it is feasible to select it as the arbitrage 

transaction object. 
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Assuming that there is long-term stability between the two-time series, the 

regression analysis results of the two are as follows: 

𝑃𝑟𝑖𝑐𝑒(𝐼𝐹𝑡) = 𝛽0 + 𝛽1𝑃𝑟𝑖𝑐𝑒(𝐼𝑡) + 𝜀𝑡 (3.9) 

𝑃𝑟𝑖𝑐𝑒 (𝐼𝐹𝑡) represents the closing price of the CSI 300 stock index futures contract at 

time 𝑡, 𝑃𝑟𝑖𝑐𝑒 (𝐼𝑡) represents the closing price of the CSI 300 ETF at time 𝑡, and et is the 

residual sequence. The residual sequence is the price difference between the two, so it is 

considered that the residual sequence is the price difference sequence existing between 

the two. Therefore, the price difference sequence equation of the two is established 

according to the cointegration relationship: 

𝑠𝑝𝑟𝑒𝑎𝑑𝑡 = 𝑃𝑟𝑖𝑐𝑒(𝐼𝐹𝑡) − 𝛽0 − 𝛽1𝑃𝑟𝑖𝑐𝑒(𝐼𝑡) (3.10) 

The spread series shows the price difference between 𝑃𝑟𝑖𝑐𝑒 (𝐼𝐹𝑡) and 𝑃𝑟𝑖𝑐𝑒 (𝐼𝑡). 

The equilibrium spread level is obtained through statistical analysis of the 𝑠𝑝𝑟𝑒𝑎𝑑𝑡 

series, and the reasonable arbitrage range and trading position are deduced accordingly. 

The series is centered according to the mean of the spread series, where: 

𝑚𝑠𝑝𝑟𝑒𝑎𝑑𝑡 = 𝑠𝑝𝑟𝑒𝑎𝑑𝑡 − 𝑚𝑒𝑎𝑛(𝑠𝑝𝑟𝑒𝑎𝑑𝑡) (3.11) 

By finding the standard deviation 𝜎 of mspread, find the trading threshold 𝑘, and 

when the logarithmic spread deviates to a certain extent, a trading signal is obtained. In 

the establishment of the investment portfolio, the most important thing is the size 𝛽1 of 

the pairing relationship coefficient obtained by the cointegration analysis. This thesis tries 

to open a position through the pairing coefficient to determine the arbitrage trading 

position, that is when the arbitrage is positive, this thesis short one lot of stock index 

futures contracts, and at the same time, this thesis sell 𝛽1  lots of ETFs. When the 𝑠𝑝𝑟𝑒𝑎𝑑𝑡 

narrows, close the position to buy stock index futures contracts and sell ETF contracts at 

the same time. In reverse arbitrage, buying one lot of stock index futures contracts and 

shorting 𝛽1   lots of ETF contracts. Doing so ensures that the trading portfolio meets 

market-neutral standards. 

3.8.8 Establishment of signalling mechanism 

The establishment of the signal mechanism is the most important part of statistical 

arbitrage, involving the selection of entry and exit signals and stop-loss signals. 

Arbitrators generally operate by examining the degree of deviation between the entry and 

exit signals and the equilibrium value. When the deviation occurs, that is when the spread 

sequence fluctuates up and down When an arbitrage opportunity occurs, the price 

difference will always return to the equilibrium level in the future. At this moment, it is 
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the signal to close the position, take profit, and wait for the emergence of the next 

arbitrage opportunity. 

The details of setting entry and exit points and stop loss points are as follows: 

When the spread series crosses the standard deviation of 𝑘  times, that is 

𝑚𝑠𝑝𝑟𝑒𝑎𝑑𝑡 > −𝑘𝜎𝑡 (𝑘4 is the arbitrage trading threshold, 𝜎𝑡 is the standard deviation of 

the spread series), it indicates that the price of stock index futures is overvalued and the 

price of ETF is undervalued, so a positive forward direction can be implemented. 

Arbitrage strategy, that is selling stock index futures and buying ETFs. When the price 

difference between the two returns to the equilibrium level, that is close to 0, set 

𝑚𝑠𝑝𝑟𝑒𝑎𝑑𝑡 ≈ 0 to immediately reverse the take profit, and complete a complete arbitrage 

transaction by closing the position. 

When the spread sequence crosses the standard deviation of 𝑘  times, that is 

𝑚𝑠𝑝𝑟𝑒𝑎𝑑𝑡 < −𝑘𝜎𝑡 (𝑘4 is the arbitrage trading threshold, 𝜎𝑡 is the standard deviation of 

the spread series), it indicates that the stock index futures price is undervalued, the ETF 

price is overvalued, and positive arbitrage can be implemented. The strategy is to buy 

stock index futures  and sell ETFs. When the price difference between the two returns to 

the equilibrium level, that is close to 0, set 𝑚𝑠𝑝𝑟𝑒𝑎𝑑𝑡 ≈ 0 to immediately reverse the 

operation, and complete a complete arbitrage transaction by closing the position. 

The larger the 𝑘, the greater the arbitrage space, but the arbitrage opportunity will 

be reduced accordingly. Conversely, the smaller the 𝑘, the smaller the arbitrage space and 

the greater the arbitrage opportunity. Therefore, it is very important to find the optimal 

threshold, that is the threshold when the expected profit of arbitrage hits the maximum 

value. 

According to the model experience, when 𝑘 ∈ (1.1,1.3), the arbitrage effect is the 

most ideal. This thesis is trying to determine the threshold 𝑘 at which the expected return 

of arbitrage reaches its maximum value through the statistical arbitrage expected return 

function. 

Find the moment when statistical arbitrage is triggered in the residual sequence 

and find out the corresponding stock index futures closing price 𝑃𝑟𝑖𝑐𝑒(𝐼𝐹) and ETF 

closing price 𝑃𝑟𝑖𝑐𝑒(𝐸𝑇𝐹), the price of each lot of IF2101 stock index futures = IF2101 

closing price × 300, the price of each lot of ETF = The price of each ETF×100, and the 

number of ETF lots to be traded is determined according to the coefficient 𝛽1 of the 
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cointegration equation. One lot of CSI 300 stock index futures corresponds to 𝛽1 lot of 

CSI 300 ETF. 

3.8.9 Statistical Arbitrage Trading Model Based on Spread Volatility 

This thesis thinks the residual sequence is the price difference sequence of time 

series data, and the price difference sequence represents the degree of deviation between 

the two. In this part, this thesis first needs to conduct a specific research and analysis on 

the volatility characteristics of the price difference (residual) sequence. Volatility 

characteristics are properly modelled to spot arbitrage opportunities. 

In this part, two methods of measuring spread fluctuations will be used to 

reasonably analyse and model the spread series. One is to use the ordinary least squares 

to analyse the constant fluctuation of residuals and build a model accordingly. The other 

is to use the GARCH model to measure the fluctuations of residuals over time and build 

the corresponding model. 

3.8.10 Residual Constant Volatility Trading Model 

The first model is expressed as follows: 

𝑃𝑟𝑖𝑐𝑒(𝐼𝐹𝑡) = 𝛽0 + 𝛽1𝑃𝑟𝑖𝑐𝑒(𝐼𝑡) + 𝜀𝑡 (3.12) 

This thesis makes the following assumptions about the random error term, the 

residual sequence 𝜀𝑡: The residual sequence 𝜀𝑡 is 𝑇 random variables, that is obeys the 

probability distribution. 

𝐸(𝜀𝑡) = 0 means that the expectation of the residual is 0. In the model, if the 

factors affecting the dependent variable can be guaranteed to be negligible, it is 

reasonable to assume that the expectation is 0. 

𝑉𝑎𝑟(𝜀𝑡) = 𝐸(𝜀𝑡 − 𝐸(𝜀𝑡))2=𝜎2, 𝜀𝑡 is homoscedastic and the variance is always 

𝜎2. 

𝜀𝑡~𝑁(0, 𝜎2) , which means 𝜀𝑡   obeys a normal distribution, and if 𝜀𝑡   is 

guaranteed to be composed of many factors, these components will not have any effect 

on the total change. 

𝑐𝑜𝑣(𝜀𝑖, 𝜀𝑗) = 0, which means that the random variables are independent of each 

other and are not autocorrelated. 

Use ordinary least squares to perform regression analysis to obtain the residual 

sequence 𝜀𝑡, and calculate the mean and variance of the residual sequence. The residual 

fluctuation properties obtained by this method are constant in the residual series, that is 
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the residuals have homoscedasticity. Therefore, using the model assumption of ordinary 

least squares to model the time series data of two assets by least squares regression (OLS), 

the residual sequence is: 

𝜀𝑡 = 𝑃𝑟𝑖𝑐𝑒(𝐼𝐹𝑡) − 𝛽0 − 𝛽1𝑃𝑟𝑖𝑐𝑒(𝐼𝑡) (3.13) 

Using the zero mean and homoscedasticity assumptions of least squares 

regression to model to obtain the spread sequence is the most simple and effective method 

to construct the statistical arbitrage of stock index futures based on ETF. The trading rules 

are designed as follows: 

Therefore, when 𝜀𝑡 > 𝑘𝜎, forward arbitrage means that the price of stock index 

futures is overvalued, and the price of ETF is undervalued. Sell one lot of stock index 

futures contracts at the price 𝑃𝑟𝑖𝑐𝑒 (𝐼𝐹𝑡) currently, and at the same time use the price 

𝑃𝑟𝑖𝑐𝑒 (𝐼𝑡) Buy ETFs of equal value. When 𝜀𝑡 ≈ 0, it means that the stock index futures 

and ETFs return to the equilibrium level, and the positions are closed at the current price 

to take profit. 

Therefore, when 𝜀𝑡 < 𝑘𝜎, reverse arbitrage means that the price of stock index 

futures is undervalued, and the price of ETF is overvalued. Buy one lot of stock index 

futures contracts at the price 𝑃𝑟𝑖𝑐𝑒 (𝐼𝐹𝑡)  at this time, and at the same time use the price 

𝑃𝑟𝑖𝑐𝑒 (𝐼𝑡).  Selling ETFs of equal value when 𝜀𝑡 ≈ 0, means that the stock index futures 

and ETFs return to the equilibrium level, and the positions are closed at the current price 

to take profits. 

3.8.11 GARCH Residual time-varying volatility trading model 

The above arbitrage research is mainly based on the simple multiple of the 

standard deviation of the spread series to construct the arbitrage and stop loss boundary. 

It is assumed that the standard deviation of the spread series does not change with time 

and has time-varying characteristics, to improve the arbitrage characteristics. 

First, analyse the autocorrelation function and partial autocorrelation function of 

the residual sequence, and try to establish an AR model. By establishing the AR model 

of 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡, the ARCH-LM heteroscedasticity test is performed to determine whether 

the error term of the regression model has autoregressive conditional heteroscedasticity, 

and the mean variance and the ARCH effect equation are determined accordingly. The 

following equation is obtained: 

𝜖𝑡
2 = 𝛼0 + 𝛼1𝜀𝑡−1

2 (3.14) 
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Therefore, when 𝜀𝑡 > 𝑘𝜎, forward arbitrage means that the price of stock index 

futures is overvalued, and the price of ETF is undervalued. Sell one lot of stock index 

futures contracts at the price 𝑃𝑟𝑖𝑐𝑒 (𝐼𝐹𝑡) currently, and at the same time use the price 

𝑃𝑟𝑖𝑐𝑒 (𝐼𝑡) to buy ETFs of equal value. When 𝜀𝑡 ≈ 0, it means that the stock index futures 

and ETFs return to the equilibrium level, and the positions are closed at the current price 

to take profit. 

Therefore, when 𝜀𝑡 < 𝑘𝜎, reverse arbitrage means that the price of stock index 

futures is undervalued, and the price of ETF is overvalued. Buy one lot of stock index 

futures contracts at the price 𝑃𝑟𝑖𝑐𝑒 (𝐼𝐹𝑡)  at this time, and at the same time use the price 

𝑃𝑟𝑖𝑐𝑒 (𝐼𝑡) to sell ETFs of equal value when 𝜀𝑡 ≈ 0, means that the stock index futures 

and ETFs return to the equilibrium level, and the positions are closed at the current price 

to take profits. 

Comparing the least squares constant volatility model and the GARCH time-

varying volatility model, theoretically the GARCH time-varying volatility model has 

better arbitrage effect, GARCH model can more truly describe the time-varying 

characteristics of variance, and GARCH model can better explore arbitrage opportunities 

and improve arbitrage efficiency. 

3.8.12 Error Measurement Theory 

Before doing the test, this thesis first analyses the return and risk characteristics 

of the ETF and the underlying index, and only compare the performance of the ETF and 

its underlying index. The returns for each ETF and underlying index are calculated as 

follows: 

𝑁𝑅𝑖,𝑡 =
𝑁𝐴𝑉𝑖,𝑡 − 𝑁𝐴𝑉𝑖,𝑡−1

𝑁𝐴𝑉𝑖.𝑡−1

(3.15) 

𝐼𝑅𝑖,𝑡 =
𝐼𝑛𝑑𝑒𝑥𝑖,𝑡 − 𝐼𝑛𝑑𝑒𝑥𝑖,𝑡−1

𝐼𝑛𝑑𝑒𝑥𝑖.𝑡−1

(3.16) 

Among them, 𝑁𝑅𝑖,𝑡 represents the rate of return of the 𝑖-th ETF in the 𝑡 period, 

𝐼𝑅𝑖,𝑡  represents the rate of return of the underlying index 𝑖  in the 𝑡  period, 𝑁𝐴𝑉𝑖,𝑡 

represents the asset value of the 𝑖-th ETF in the 𝑡 period, and 𝐼𝑛𝑑𝑒𝑥𝑖,𝑡 represents the 𝑖-th 

ETF in the 𝑡 period. The closing price of the underlying index in period 𝑡. 

The standard deviation of the risk utilization return of the ETF and the underlying 

index is defined as follows: 
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𝜎𝑁𝐴𝑉𝑖
= √

∑ (𝑁𝑅𝑖,𝑡 − 𝑁𝑅𝑖)̅̅ ̅̅ ̅̅ 2𝑛
𝑡=1

𝑛 − 1
(3.17) 

  

𝜎𝐼𝑛𝑑𝑒𝑥𝑖
= √∑ (𝐼𝑅𝑖,𝑡−𝐼𝑅𝑖̅̅ ̅̅ )

2𝑛
𝑡=1

𝑛−1
(3.18) 

Among them, 𝑁𝑅𝑖
̅̅ ̅̅ ̅ represents the average return on the net asset value (𝑁𝐴𝑉) of 

the 𝑖-th ETF; 𝐼𝑅𝑖
̅̅ ̅̅  represents the average return of the 𝑖-th underlying index. 

Tracking error is defined as the deviation of an ETF's performance from the 

underlying index, and this approach may underestimate the error as the differences cancel 

each other out. In this thesis, I have used mean absolute difference, standard error of 

regression analysis, and standard deviation of return difference. 

First, tracking error can only be estimated by the mean absolute difference 

between the returns of the ETF and the underlying index. Therefore, the equation for 

calculating the daily tracking error is as follows: 

𝑇𝐸1 =
∑ |𝑁𝑅𝑖,𝑡 − 𝐼𝑅𝑖,𝑡|𝑛

𝑡=1

𝑛
(3.19) 

Among them, 𝑇𝐸1 represents the average daily tracking error of the 𝑖-th ETF's net 

asset value (NAV) and the benchmark index based on the absolute value difference. 

The second method uses the standard error of the regression analysis of the daily 

returns of each ETF and its benchmark index to estimate the tracking error. The model is 

as follows: 

𝑁𝑅𝑖,𝑡 = 𝛼𝑖 + 𝛽𝑖 × 𝐼𝑅𝑖,𝑡 + 𝜀𝑖.𝑡 (3.20) 

𝛼𝑖 represents the excess return obtained by the 𝑖-th ETF beyond the underlying 

index. Due to the various associated fees associated with ETFs, the coefficient αi is 

expected to be 0 or negative, but not positive. The coefficient 𝛽𝑖 represents the systematic 

risk and the replication strategy of the ETF, so the coefficient should be close to 1 if the 

ETF replicates well. However, the coefficients α and β should not be part of the regression 

model. In this model, the tracking error is replaced by the standard deviation of the 

regression model. If the ETF replicates the underlying index well, then the standard 

deviation of the residuals in the regression must be close to 0. 

A third way to estimate tracking error is to measure the standard deviation of the 

difference between the ETF's return and the underlying index's return, calculated as 

follows: 
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𝑇𝐸3 = √∑ (𝑁𝐷𝑖,𝑡 − 𝑁𝐷𝑖
̅̅ ̅̅ ̅)

2𝑛
𝑡=1

𝑛 − 1
(3.21) 

Among them, 𝑁𝐷𝑖,𝑡 represents the difference between the net asset value (NAV) 

return of the ETF and the return of the underlying index. If the ETF is replicating the 

underlying index well, the average tracking error should be close to zero. 

3.8.13 Mean reversion half cycle 

The mean-reverting half-period formula defined by Madhavan and Simit:  

𝑇
2⁄ = |

ln(2)

ln(1 + γ)
| (3.22) 

The half-period expectation of the non-equilibrium deviation from the mean 

recovery can be obtained by the coefficient γ of ECM, and the obtained value is 𝑡 time 

intervals, and the specific time is multiplied by the time represented by each 𝑡 interval. 

3.8.14 Sharp ratio 

The study of Sharpe ratio in modern investment theory shows that the size of risk 

plays a fundamental role in determining the performance of a portfolio. The risk-adjusted 

rate of return is a comprehensive indicator that can consider both benefits and risks and 

can rule out the adverse effects of risk factors on performance evaluation in the long run. 

The Sharpe ratio is one of the three classic indicators that can simultaneously consider 

both return and risk. There is a conventional feature in investment, that is the higher the 

expected return of the investment target, the higher the volatility risk that arbitragers can 

tolerate; conversely, the lower the expected return, the lower the volatility risk. Therefore, 

the main purpose of rational arbitragers in choosing investment targets and investment 

portfolios is to pursue the maximum return under a fixed risk that they can bear or to 

pursue the lowest risk under a fixed expected return. 

The Sharpe ratio is calculated as follows: 

𝑆𝑅 =
𝐸(𝑅) − 𝑅𝑓

𝜎(𝑅)
(3.23) 

Among them, 𝐸(𝑅) is the average rate of return in the trading cycle, 𝜎(𝑅) is the 

standard deviation of the rate of return, and 𝑅𝑓 is the risk-free rate. 

Annualized Sharpe ratio is as follows: 

𝑆𝑅𝐴 = √𝑁 × 𝑆𝑅𝑇 (3.24) 
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Among them, 𝑆𝑅𝑇  represents the initial Sharpe ratio of one day, and 𝑁  is the 

number of trading cycles in a year. 

3.8.15 Arbitrage Cost 

The cost of completing an arbitrage transaction is divided into two parts, fixed 

transaction cost and variable transaction cost. Fixed transaction costs include 

commissions, stamp duties, handling fees, transfer fees, securities management fees and 

securities settlement fees. Variable transaction costs are dominated by shock costs 

simultaneously. It should be noted that the arbitrage costs required by different arbitragers 

are different. For securities companies, institutional arbitragers and individual arbitragers, 

the required arbitrage costs increase in turn. This thesis roughly estimates the minimum 

required arbitrage costs. 

Fixed transaction costs include ETF transaction costs and stock index futures 

transaction costs. 

ETF transaction costs, according to the Notice on the Reduction and Exemption 

of Transaction Fees Related to Exchanged Open-end Index Funds issued by the Shanghai 

Stock Exchange in September 2010, in order to promote the development of exchanged 

open-end index funds, it is convenient for securities companies to participate in the 

purchase and redemption agency. For ETF transactions, especially those related to ETF 

arbitrage, the Shanghai Stock Exchange temporarily waived handling fees for ETF 

subscription and redemption transactions and reduced or exempted transaction unit traffic 

fees to a certain extent. Therefore, the required ETFs after commissions are deducted 

The transaction cost is roughly around 2bp (1𝑏𝑝 =  1/10,000). The level of the 

ETF commission rate depends on the negotiating ability of arbitragers and brokers, and 

we assume 2bp here. Then the fixed transaction cost related to the ETF transaction is 

about 4bp in total. According to the two-way calculation, it takes 8bp to complete one 

arbitrage. 

The transaction cost of stock index futures, according to the regulations of China 

Financial Futures Exchange, the minimum futures transaction fee is 0.5bp, and the 

comprehensive settlement member is generally 1bp to 1.5bp, and it is charged bilaterally. 

Then we take the unilateral transaction cost of stock index futures as 0.5bp, and complete 

one transaction. The two-way transaction fee required for carry trade is 1bp. To sum up, 

the fixed cost required to complete an arbitrage transaction is about 8𝑏𝑝 ×

 𝐸𝑇𝐹 𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑚𝑜𝑢𝑛𝑡 +  1𝑏𝑝 ×  𝑠𝑡𝑜𝑐𝑘 𝑖𝑛𝑑𝑒𝑥 𝑓𝑢𝑡𝑢𝑟𝑒𝑠 𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑚𝑜𝑢𝑛𝑡. 
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Another cost is variable transaction costs. The variable costs involved in high-

frequency trading mainly include shock costs and waiting costs. The shock cost is the 

liquidity cost in the usual sense. The better the market liquidity, the smaller the shock 

cost. The shock cost itself is when a certain asset is bought or sold on a large scale in a 

transaction, and it is not in accordance with the implementation agreement. When the 

price is traded, the cost of paying more than the agreed price is the impact cost. Waiting 

cost refers to choosing to wait in order to avoid the huge impact of instant transactions on 

the market. The cost incurred is the waiting cost. The waiting cost is generally small and 

can be ignored. The main contract IF2101 of stock index futures selected in this thesis 

has strong liquidity, so the impact cost must be greatly reduced. Let the unilateral impact 

cost of stock index futures be l bp, and the bilateral transaction cost can be set to 2bp. For 

the large scale of CSI 300 ETF circulation, the impact cost can also be controlled, 

generally within the range of a few thousandths. This thesis assumes that the impact cost 

of Huatai-Pinebridge CSI 300ETF is 2bp, and the impact cost of bilateral transactions is 

4bp. Combining the above description of fixed transaction costs and variable transaction 

costs, the bilateral arbitrage cost of stock index futures is less than 3bp, and the bilateral 

arbitrage cost of Huatai-Pinebridge CSI 300ETF CSI 300 ETF is 12bp. 



42 

4 Analysis of Arbitrage Opportunities at Chinese Financial 

Market 

This chapter is based on the empirical research of CSI 300 stock index futures and 

ETF statistical arbitrage. This chapter first selects data, and then uses the model 

established in the previous chapter to study and analyses the statistical arbitrage of CSI 

300 stock index futures and ETFs. 

4.1 Arbitrage Sample Selection 

At present, the CSI 300 ETF products that have been issued and traded in China 

include: Huatai-Pinebridge CSI 300ETF, Harvest CSI 300 ETF, Hua Xia CSI 300 ETF, 

Southern Kaiyuan CSI 300 ETF, E Fund CSI 300 ETF and Penghua Shanghai 300 ETF. 

This section selects the daily transaction data of 157 trading days from June 3, 2020, to 

January 19, 2021, as the research sample, and compares and analyses the daily trading 

volume of the six listed ETF funds to compare their liquidity. 

Figure 4.1 ETF daily trading volume from 2020.6.3 to 2021.1.19  

 

 

Source: Own calculation 

As can be seen from the Figure 4.1, the daily trading volume of Huatai-Pinebridge 

CSI 300ETF is significantly higher than the other five ETFs, followed by Harvest CSI 

300 ETF and Hua Xia CSI 300 ETF, Penghua CSI 300 ETF, E Fund CSI 300 ETF and 

Southern 300 ETF The amount pales in comparison to the top three ETFs. Therefore, 

observing the changes in the daily turnover of Huatai-Pinebridge CSI 300ETF, Harvest 
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CSI 300ETF and Hua Xia 300ETF within half a year, this thesis can see that the turnover 

has increased significantly since December 2020, and the turnover of Huatai-Pinebridge 

CSI 300ETF has continued to rise, until 2021.1.5 the transaction amount reached the 

maximum, Harvest CSI 300ETF and Huatai-Pinebridge CSI 300ETF have similar trends, 

but the daily transaction amount is less volatile than Huatai-Pinebridge CSI 300ETF. The 

Hua Xia CSI 300 ETF reached its maximum value in 2020.12.10, and then the trading 

volume continued to decline. To sum up, Huatai-Pinebridge CSI 300 ETF has the best 

liquidity, followed by Harvest CSI 300 ETF. Therefore, it is believed that Huatai-

Pinebridge CSI 300 ETF and Harvest CSI 300 ETF can be selected as the spot varieties 

of stock index futures arbitrage, then it is necessary to calculate the true tracking error of 

the two ETFs for the CSI 300 index through quantitative research to see if they reach the 

fund level. According to the basic requirements in the prospectus, the selected CSI 300 

ETF is a good substitute for the CSI 300 Index. 

First, calculating the daily tracking error of the entire sample range of Huatai-

Pinebridge CSI 300ETF and Harvest CSI 300 ETF. This thesis can calculate the result 

using the formula from the theory in chapter 3, the results are as follows. 

Table 4.1 The constant of ETF daily Tracking error 

 

Source: Own calculation 

From Table 4.1, the tracking objectives of Huatai-Pinebridge CSI 300ETF and 

Harvest CSI 300 ETF are: the daily tracking deviation does not exceed 0. 2%. During the 

sample period, the tracking errors of Huatai-Pinebridge CSI 300 ETF are calculated by 

three methods，method one is less than 0.2%, which can be considered to meet the 

tracking requirements in the fund prospectus, while the tracking errors of Harvest CSI 

300 ETF are greater than 0.2%, believing that the basic goals in the fund prospectus have 

not been achieved. 

Based on the research on liquidity and tracking error, it is found that Huatai-

Pinebridge CSI 300 ETF can be used as a good spot variety for stock index futures 

arbitrage. The correlation between the CSI 300 ETF and the CSI 300 stock index futures 

is shown in the following figure. 
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Figure 4.2 The correlation analysis of CSI 300 ETF and Index Futures 

 

Source: Own calculation 

 

 

4.2 Research method 

The empirical research of CSI 300 stock index futures and ETF carry trade is 

divided into two stages. First, in the first stage of this thesis, 240 one-minute high-

frequency historical transaction data of 2020.12.25 are used to conduct paired 

transactions to construct the optimal arbitrage combination. The second stage uses a total 

of 960 1-minute high-frequency trading data from 2020.12.18, 2020.12.26, 2021.1.6 and 

2021.1.12 and conducts simulated trading according to the pairing and arbitrage strategies 

formed in the first stage, and analyses the benefits and risks of simulated trading, so as to 

marinate the feasibility of arbitrage. 

Select CSI 300 stock index futures contract IF2101, CSI 300 ETF is Huatai-

Pinebridge CSI 300 ETF, and exclude the selected two-stage time data transactions that 

are not synchronized, the time period is 9:31-11:30, 13:01-15: 00. 

 

4.3 Cointegration Test and Error Correction Model 

In this part, this thesis will first perform a unit root test on the variables to 

determine whether each variable has the same single-order integer, then test the 
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cointegration relationship between the two-time series, and finally establish an error 

correction model to analyse the adjustment mechanism. 

4.3.1 Unit root test 

Before the cointegration test, the same single integer order of each variable must 

be determined. Therefore, the unit root test of the variables must be performed first. The 

price of each stock index futures lot and the price of each lot of ETFs are used as the 

research objects. The results of the ADF test are as follows. 

Table 4.2 The ADF test of 𝐼𝐹𝑡 and 𝐼𝑡  

 

Source: Own calculation 

It can be seen from the Table 4.2 that the stock index futures IF2101 and Huatai-

Pinebridge CSI 300ETF price series 𝐼𝐹𝑡  and 𝐼𝑡  are both non-stationaries, and neither 

passed the ADF test. Therefore, the ADF test was performed on the first-order difference 

series ∆𝐼𝐹𝑡 and ∆𝐼𝑡 of 𝐼𝐹𝑡 and 𝐼𝑡 , the result is as follows. 

Table 4.3 The ADF test of ∆𝐼𝐹𝑡 and ∆𝐼𝑡  

 

Source: Own calculation 

It can be seen from the Table 4.3 that the stock index futures IF2101 and Huatai-

Pinebridge CSI 300ETF price series ∆𝐼𝐹𝑡 and ∆𝐼𝑡 have passed the ADF test, and both are 

first-order single integral sequence, and there may be a cointegration relationship. The 

CSI 300ETF price series 𝐼𝐹𝑡 and 𝐼𝑡 are tested for cointegration. 

4.3.2 Cointegration test 

After the unit root test is performed on the stock index futures and ETF time series 

data, if each series is a non-stationary series and the series is stationary after differencing, 

that is the time series is a first-order single integral series, then when modelling the two 

non-stationary time series, it is necessary to test the stationarity of the residual series to 

identify the correctness of the model, then there is no cointegration relationship, 

indicating that the regression obtained by modelling is a false regression. 
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Cointegration test methods include Engel-Granger's EG two-step method, 

Johansen test, etc. This thesis used the EG two-step method to test the cointegration 

relationship between two time series. Proceed is as follows. 

A regression model with constants is established for the stock index futures and 

ETF time series, and the regression coefficient is obtained. Test the stationarity of the 

residual series 𝜀𝑡 of the regression model. The unit root test can be performed on 𝜀𝑡. If 

the residual sequence is stationary, the two time series data are co-integrated. Otherwise, 

the cointegration does not hold. Using the EG two-step method, the least squares method 

is used to establish a univariate regression equation with constants about the price series 

𝐼𝐹𝑡 and 𝐼𝑡 of the stock index futures IF2101 and Huatai-Pinebridge CSI 300 ETF. The 

results are as follows: 

𝐼𝐹𝑡 = 2992.947𝐼𝑡 + 𝑒𝑡; 

𝑅2 = 0.976674, 𝐷𝑊 = 0.767104, 𝑇 = 240 

The unit root test was performed on the residuals, and the results were as follows: 

Table 4.4 Cointegration 

 

Source: Own calculation 

It can be seen from the Table 4.4 that the residual sequence is stationary, there is 

a long-term equilibrium relationship between the two time series data of stock index 

futures IF2101 and Huatai-Pinebridge CSI 300 ETF, which has a cointegration 

relationship. 

4.3.3 Error correction model 

The cointegration test done above shows that there is a long-term equilibrium 

relationship between stock index futures IF2101 and Huatai-Pinebridge CSI 300 ETF, so 

the short-term deviation from the equilibrium value can be realized in the long-term 

through short-term continuous fluctuations, which can establish error modified model 

(ECM) analyses this regulatory mechanism. The error modified model is estimated as 

follows. 

From the previous section, we can see that the long-term equilibrium error is: 𝑒𝑡 =

𝐼𝐹𝑡 − 2992.94𝐼𝑡, let 𝑒𝑐𝑚𝑡−1 = 𝑒𝑡−1 

And error modified model: 

∆𝐼𝐹𝑡 = 𝛽0 + 𝛽1∆𝐼𝑡 + 𝛾𝑒𝑐𝑚𝑡−1 + 𝜀𝑡  
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Estimated by Ordinary least squares (OLS): 

∆𝐼𝐹𝑡 = 2280.985∆𝐼𝑡 − 0.282769𝑒𝑐𝑚𝑡−1 + 𝜀𝑡  

Among them, the error correction term is: 

𝑒𝑐𝑚𝑡−1 = 𝐼𝐹𝑡−1 − 2992.947𝐼𝑡−1  

Since the size of the coefficient 𝜆 of the error correction term 𝑒𝑐𝑚𝑡−1 reflects the 

adjustment strength of the short-term deviation from the long-term equilibrium recovery, 

the estimated coefficient of the calculated error correction term is -0.288, which means 

that the speed of the previous non-equilibrium error of 28.3% affects the 𝐼𝐹𝑡 of the current 

period. Correction in the opposite direction brings its spread back towards the mean. 

According to the defined mean value recovery half cycle formula in chapter 3. The 

expected value of the half cycle of the equilibrium value recovery is 2.0835 minutes, and 

the recovery speed is relatively fast. 

 

4.4 An Empirical Study of Statistical Arbitrage 

In this part, this thesis first calculated the spread series, obtained the spread 

between the IF2101 and CSI 300ETF series, then determined the threshold during the 

arbitrage period, and finally brought the data into the statistical arbitrage trading model 

for research. 

4.4.1 Spread series calculation 

By estimating the cointegration equation, the cointegration coefficient of 

statistical arbitrage between IF2101 and Huatai-Pinebridge CSI 300 ETF is 2993. 

From the perspective of long-term equilibrium, the spread between the IF2101 

and the CSI 300 ETF sequence is: 

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 𝐼𝐹𝑡 − 2993𝐼𝑡  

Decentralized to get the 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 sequence: 

𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 = 𝑆𝑝𝑟𝑒𝑎𝑑𝑡 − 𝑚𝑒𝑎𝑛(𝑆𝑝𝑟𝑒𝑎𝑑𝑡)  

The sample decentralized spread sequence 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is shown in the following 

Figure 4.3. 
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Figure 4.3 The spread sequence of removed center sample 

 

Source: Own calculation 

From Figure 4.3, by obtaining the 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡  sequence, a suitable arbitrage 

strategy for stock index futures and CSI 300 ETF can be constructed. When determining 

the arbitrage trading strategy, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡  is greater than the specified arbitrage 

trading threshold, it means that the stock index futures are overvalued, and the ETF is 

relatively undervalued. Abitragers should sell one lot of CSI 300 stock index futures, buy 

2993 lots of CSI ETF, and make a profit when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡  returns to the equilibrium 

value. Similarly, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is less than the specified arbitrage trading threshold, it 

means that stock index futures are undervalued, and ETFs are relatively overvalued. 

Currently, buying one lot of CSI 300 stock index futures and selling 2993 lots of CSI 300 

ETFs. When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 returns to equilibrium Close the position to take profit when it is 

worth it. Therefore, the choice of the threshold has a significant impact on the statistical 

arbitrage returns of stock index futures and ETFs. If the value of 𝑘  is too large, the 

arbitrage space will increase, resulting in a substantial reduction of arbitrage 

opportunities, while if the value of K is too small, although the arbitrage opportunities 

will increase. However, due to frequent transactions, the arbitrage cost is also very large, 

and the profit is small, and the desired arbitrage effect is still not achieved. Therefore, the 

selection and determination of the threshold will be discussed next. 

4.4.2 Determination of Threshold 

This thesis has already studied the long-term equilibrium relationship between 

stock index futures IF2101 and Huatai-Pinebridge CSI 300 ETF above, so the key to 
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arbitrage is when it will succeed, that is the discovery of arbitrage opportunities. This 

thesis first sets it to 𝑘𝜎 by setting the trading threshold (𝑘 is a certain parameter and 𝜎 is 

the standard deviation of 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡). When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 > 𝑘𝜎, sell IF2101 and buy CSI 

300 ETF. When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 returns to near the mean value, that is close to 0, perform the 

reverse operation and close the position to take profit. When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 < 𝑘𝜎 , buy 

IF2101 and sell CSI 300 ETF. When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 returns to near the mean value, perform 

the reverse operation and close the position to take profit. 

Let the arbitrage return expectation function be: 𝐸(𝑘𝜎) = 𝜆 × 𝑅(𝑘𝜎) × 𝜑−1(𝑘𝜎) 

Among them, 𝜆  is a constant, 𝑅(𝑘𝜎) = 𝑘𝜎  is the arbitrage space when the 

threshold value is 𝑘𝜎 , because 𝜑(𝑥) = {𝑘𝜎|𝑃(|𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡| ≥ 𝑘𝜎) = 𝑥} , 𝜑−1(𝑘𝜎) 

represents the probability of |𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡| > 𝑘𝜎 , and the optimal value of 𝑘  is 𝑘 =

{𝛾|𝐸(𝑘𝜎) ≤ 𝐸(𝛾𝜎), 𝑘 ∈ (0,2)}. 

Calculate the function 𝜑−1(𝑘𝜎), take 𝑘 from 0 to 2 and take 200 values with a 

step size of 0.01, calculate the number of points where |𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡| ≥ 𝑘𝜎 and set it as n, 

then 𝑃(|𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡| ≥ 𝑘𝜎) = 𝑛/𝑁, where N is the number of samples. 

Figure 4.4 The Probability of spread sequence more than 𝑘𝜎 

 

Source: Own calculation 

From Figure 4.4, this figure represents the probability that the spread sequence 

𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 exceeds the threshold 𝑘𝜎. 
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Figure 4.5 The Function of 𝑅(𝑘𝜎) 

 

Source: Own calculation 

From Figure 4.5, this figure shows the arbitrage space when the threshold value 

is 𝑘𝜎. 

Figure 4.6 The Function of 𝑅(𝑘𝜎) × 𝜑−1(𝑘𝜎) 

 

Source: Own calculation 

From Figure 4.6, this figure shows the expected return of arbitrage when the 

threshold value is 𝑘𝜎. 
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As can be seen from the figure, when 𝑘 is 0.73, the expected arbitrage profit is the 

largest, so this thesis selects the trigger point of the in-sample and out-of-sample arbitrage 

periods as 0.73𝜎. 

 

4.5 Statistical arbitrage within the sample 

This thesis first analyses the returns of the OLS constant volatility trading model 

during the sample period. It can be seen from the above analysis that when 𝑘 is 0.73, the 

arbitrage profit will reach the maximum value. Therefore, this thesis sets the upper trigger 

point of forward arbitrage as 0.73𝜎. When the spread sequence 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 crosses 0.73𝜎, 

sell one lot of stock index futures and buy 2993 lots Huatai-Pinebridge CSI 300 ETF will 

close the position and take profit when the spread sequence returns to near the mean value 

of 0. Since the expected value of the half-period recovery to the equilibrium value after 

the non-equilibrium deviation of the spread sequence is 2.0835 minutes through 

calculation, the recovery speed is fast, so the calculation of arbitrage in this thesis does 

not involve stop loss. The arbitrage chart is as follows. 

Figure 4.7 The Arbitrage within the sample based on OLS (2020.12.25) 

 

Source: Own calculation 

From Figure 4.7, the calculation of the rate of return obtained during the arbitrage 

period shows that the China Financial Futures Exchange stipulates that the minimum 

trading margin for stock index futures is 12% of the transaction value, that is the minimum 

margin amount for one lot of stock index futures is as follows. 𝑀𝑎𝑟𝑔𝑖𝑛 =

𝑠𝑡𝑜𝑐𝑘 𝑖𝑛𝑑𝑒𝑥 𝑓𝑢𝑡𝑢𝑟𝑒𝑠 𝑐𝑙𝑜𝑠𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒 ×  300 ×  12%. According to the trading rules of 

Shanghai and Shenzhen Stock Exchanges, the margin ratio of Huatai-Pinebridge CSI 300 

ETF shall not be less than 50%, and it has a securities lending policy. This thesis assumes 
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that Huatai-Pinebridge CSI 300 ETF used for ETF arbitrage is fully traded. Therefore, 

the margin amount of the first-hand Huatai-Pinebridge CSI 300ETF is: 

𝑐𝑜𝑛𝑡𝑟𝑎𝑐𝑡 𝑞𝑢𝑜𝑡𝑎𝑡𝑖𝑜𝑛 ×  100. 

As can be seen from the Figure 4.7, during the sample period, the number of 

forward arbitrages was 13 times, including 4 times of profit and 9 times of loss. The 

reason why the model's trading results showed a loss is that the profit from the arbitrage 

was not enough to make up for the procedures of high-value transactions. The result is 

that frequent arbitrage transactions have negative returns. Taking the first arbitrage 

transaction as an example to illustrate, at 9:34 on December 25, 2020, the residual 

sequence 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 = 3565.512 , 𝑃𝑟𝑖𝑐𝑒 𝐼𝐹 = 3277.6 , 𝑃𝑟𝑖𝑐𝑒 𝐸𝑇𝐹 = 3.274 , at this 

time, the spread sequence crossed 0.73𝜎 = 943.1129, and the stock index futures price 

being overvalued, the price of Huatai-Pinebridge CSI 300 ETF is undervalued, so one lot 

of IF2101 is sold and 2,993 lots of CSI 300 ETF are bought. When the spread returns to 

the average value, the position is closed when it is close to 0. When the position is closed, 

𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 = 87.61, 𝑃𝑟𝑖𝑐𝑒 𝐼𝐹 = 3265.6, 𝑃𝑟𝑖𝑐𝑒 𝐸𝑇𝐹 = 3.273, sell 1 lot of IF2101, buy 

2993 lots of CSI 300ETF, without considering transaction costs such as handling fees. 

Use the formula in Chapter 3, to gain income: 𝑃𝑟𝑜𝑓𝑖𝑡 = (3.273 − 3.274) × 100 ×

2993 + (3277.6 − 3265.6) ×  300 = 3300.7 𝑦𝑢𝑎𝑛, stock index futures handling fee is: 

(3277.6+3265.6)×300×0.5

10000
= 98.148 𝑦𝑢𝑎𝑛, Huatai-Pinebridge CSI 300ETF handling fee is 

(3.273+3.274)×100×2993×4

10000
= 783.8 𝑦𝑢𝑎𝑛 , the impact cost of stock index futures is: 

(3277.6 + 3265.6) × 300 × 1 ÷ 10000 = 196.296 𝑦𝑢𝑎𝑛, the impact cost of Huatai-

Pinebridge CSI 300ETF is 
(3.273+3.274)×100×2993×2

10000
= 391.9 𝑦𝑢𝑎𝑛 , deducting the net 

income from fixed costs and variable costs is 3300.7 − 98.148 − 783.8 − 196.296 −

391.9 = 1830.556 𝑦𝑢𝑎𝑛 , the margin required for stock index futures during the 

arbitrage period is: 3277.6 × 300 × 12% = 117993.6 𝑦𝑢𝑎𝑛, and the margin required 

for CSI 300ETF is : 3.273 × 100 × 2993 = 979608.09 𝑦𝑢𝑎𝑛 , a total deposit of 

117993.6 + 979608.09 = 1097601.6 𝑦𝑢𝑎𝑛 is required. 

After that, we analyse the returns of the GARCH time-varying volatility trading 

model during the sample period. The above arbitrage research is mainly based on the 

arbitrage and stop-loss boundaries constructed by a simple multiple of the standard 

deviation of the spread series. It is assumed that the standard deviation of the spread series 

does not change with time, but in practice the standard deviation of the spread series of 
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financial time series is a change with time. Fluctuations and changes have time-varying 

characteristics, so it is necessary to consider the situation when the variance of the model 

changes. Therefore, the GARCH model can be used to simulate the time-varying 

characteristics of variance and improve the arbitrage characteristics. 

First, analyse the autocorrelation function and partial autocorrelation function of 

the 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 sequence. The analysis shows that the first-order coefficient of the partial 

autocorrelation diagram obviously exceeds the standard deviation range of twice, and the 

coefficient of PAC is much smaller than the coefficient of AC, so you can try build an 

AR model. By establishing the AR model of the spread, it can be obtained that the 

eigenvalues in the Inverted AR Roots are less than 1, which means that the eigenvalues 

of the regression equation are all greater than 1, outside the unit circle, which ensures that 

the AR model of the spread stability. 

The ARCH-LM heteroscedasticity test was performed on whether the error term 

of the regression model had autoregressive conditional heteroscedasticity, and the lag 

order of the ARCH test was 1, indicating that the 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 sequence had an ARCH 

effect. 

The mean equation and the ARCH effect equation are estimated, and the specific 

expressions are: 

𝑆𝑝𝑟𝑒𝑎𝑑𝑡 = 0.617161𝑆𝑝𝑟𝑒𝑎𝑑𝑡−1 + 𝑢𝑡 

𝑅2 = 0.377554, 𝐷𝑊 = 2.331, 𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑑 𝐴𝑅 𝑅𝑜𝑜𝑡𝑠 = 0.86 

The ARCH (1) equation is: 

𝜎𝑡
2 = 826800.2 + 0.180475𝑢𝑡−1

2  

After applying the GARCH model to obtain the standard deviation with time-

varying volatility, the arbitrage threshold is no longer a simple 0.73𝜎, and 𝜎 changes 

continuously with time. From the above analysis, it can be seen that when 𝑘 is 0.73, the 

expected arbitrage return will reach the maximum value, so this thesis sets the upper 

trigger point of the forward arbitrage as 0.73𝜎𝑡. When the spread sequence 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 

crosses 0.73𝜎𝑡, sell one lot of stock index futures and buy 2993 lots of Huatai-Pinebridge 

CSI 300 ETF. When the spread sequence returns to the mean value of 0, Close the position 

to take profit. Since the calculated spread sequence value deviates from the equilibrium 

value and returns to the equilibrium value, the half-cycle expected value is 2.0835 

minutes, and the recovery speed is fast. Therefore, the calculation of arbitrage in this 

thesis does not involve stop loss. The arbitrage chart is as follows. 
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Figure 4.8 The Arbitrage within the sample based on GARCH (2020.12.25) 

 

Source: Own calculation 

Then we analyse the transaction results in the sample period of the two models. 

Relevant indicators of the transaction results in the sample of this thesis, all the rates of 

return in this thesis have been annualized. Use the formula in chapter 3: 

𝑎𝑐𝑡𝑢𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑡𝑢𝑟𝑛 =  
𝑎𝑐𝑡𝑢𝑎𝑙 𝑛𝑒𝑡 𝑎𝑟𝑏𝑖𝑡𝑟𝑎𝑔𝑒 𝑝𝑟𝑜𝑓𝑖𝑡

𝑡𝑟𝑎𝑑𝑖𝑛𝑔 𝑚𝑎𝑟𝑔𝑖𝑛
, 𝑎𝑛𝑛𝑢𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑡𝑢𝑟𝑛 =  (1 +

 𝑎𝑐𝑡𝑢𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑟𝑒𝑡𝑢𝑟𝑛)252  − 1, assuming there are 252 trading days in a year and 

arbitrage transactions occur every day, 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑟𝑜𝑓𝑖𝑡 =  
𝑡𝑜𝑡𝑎𝑙 𝑝𝑟𝑜𝑓𝑖𝑡

 𝑡𝑖𝑚𝑒𝑠 𝑜𝑓 𝑝𝑟𝑜𝑓𝑖𝑡
 , 

𝑤𝑖𝑛𝑛𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 =  
𝑡𝑖𝑚𝑒𝑠 𝑜𝑓 𝑝𝑟𝑜𝑓𝑖𝑡 

𝑡𝑖𝑚𝑒𝑠 𝑜𝑓 𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛𝑠
 , average return is expected value of return per 

transaction, income rate standard deviation is standard deviation of each rate of return. 

Judging from the income estimate, the margin required for each arbitrage transaction is 

about 1.1 million yuan. In order to avoid the situation where the position has to be closed 

due to the full position operation, it is necessary to reserve a part of the transaction 

settlement reserve. It can be assumed that the initial investment is 150 yuan. 10,000 yuan, 

𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑦𝑖𝑒𝑙𝑑 𝑎𝑡 𝑡ℎ𝑒 𝑒𝑛𝑑  =
𝑡ℎ𝑒 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑛𝑒𝑡 𝑖𝑛𝑐𝑜𝑚𝑒 𝑎𝑡 𝑡ℎ𝑒 𝑒𝑛𝑑 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑒𝑟𝑖𝑜𝑑

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑎𝑝𝑖𝑡𝑎𝑙
 . 

The results of forward arbitrage and reverse arbitrage based on OLS and GARCH models 

calculated according to traditional indicators are shown in the following table. 
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Table 4.5 The transactions within the sample 

 

Source: Own calculation 

The positive arbitrage annualized rate of return of the OLS model and the 

cumulative rate of return at the end of the period are both negative, and the winning rate 

is only 30.7%. The reverse arbitrage result is better, the annualized average rate of return 

is high, and the winning rate of the transaction is increasing, and both the actual 

cumulative rate of return and the cumulative annualized rate of return at the end of the 

period performed well. 

The annualized average rate of return, actual cumulative rate of return and 

accumulated annualized rate of return of the forward arbitrage and reverse arbitrage of 

the GARCH model all performed well, and the number of transactions increased 

significantly, and the return volatility was not large. The winning rate of forward arbitrage 

is higher than that of reverse arbitrage. 

In general, the time interval for each arbitrage transaction is about 5 minutes. From 

the perspective of key indicators such as the annualized average rate of return, the 

cumulative rate of return at the end of the period, and the winning rate, the performance 

of the GARCH model is better than that of the OLS model, which is consistent with the 

previous theoretical results. The resulting GARCH model has a better arbitrage effect, 
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which further verifies that the GARCH model can better describe the variance time-

varying characteristics of the spread series. 

4.6 Statistical arbitrage out the sample 

Take a total of 960 1-minute high-frequency trading data on 2020.12.18, 

2020.12.26, 2021.1.6 and 2021.1.12, for simulated arbitrage trading, and use the ratio of 

𝑠𝑡𝑜𝑐𝑘 𝑖𝑛𝑑𝑒𝑥 𝑓𝑢𝑡𝑢𝑟𝑒𝑠: 𝐸𝑇𝐹 =  1: 2993 to conduct arbitrage trading, and assume that 

the mean value of the spread series during the simulation period is -16.5117, so set 

𝑆𝑒𝑞𝑢𝑒𝑛𝑐𝑒 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑑𝑒𝑐𝑒𝑛𝑡𝑟𝑎𝑙𝑖𝑧𝑒𝑑 𝑠𝑝𝑟𝑒𝑎𝑑 𝑑𝑢𝑟𝑖𝑛𝑔 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑎𝑟𝑏𝑖𝑡𝑟𝑎𝑔𝑒 =

 𝑠𝑡𝑜𝑐𝑘 𝑖𝑛𝑑𝑒𝑥 𝑓𝑢𝑡𝑢𝑟𝑒𝑠 −  2993𝐸𝑇𝐹 +  16.5117, and upper trigger point=0.73𝜎𝑡, lower 

trigger point=-0.73𝜎𝑡. 

Among them, 𝜎𝑡  is constant in the OLS model, and changes with time in the 

GARCH model, which reflects the time-varying variance of the GARCH model. Also, 

because the expected value of the half-cycle of the spread sequence value calculated by 

using the in-sample data deviates from the equilibrium value and returns to the 

equilibrium value is 2.0835 minutes, the recovery speed is relatively fast. Therefore, it is 

considered that the arbitrage transaction situation outside the sample is the same, so the 

out-of-sample arbitrage transaction is the same. The arbitrage calculation also does not 

involve stop loss. 

Similarly, this thesis first analyses the simulated returns of the OLS constant 

volatility trading model. Select the one-minute high-frequency data on December 18, 

2020, simulate the out-of-sample spread trading according to the pairing trading strategy 

formed during the sample period, and calculate the spread sequence 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 in the 

simulation range. Also select the standard deviation of the in-sample data period 

𝜎=1291.9355, When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is greater than 0.73𝜎, sell IF2101 and buy 2993 lots of 

Huatai-Pinebridge CSI 300 ETF, close the position and make a profit when the spread 

sequence returns to the average value, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is less than 0.73𝜎, buy IF2101 

and sell 2993 lots of Huatai-Pinebridge CSI 300ETF, close the position and make a profit 

when the spread sequence returns to the average value. The arbitrage opportunity 

simulated by out-of-sample data based on the OLS model is shown in the following 

figure. 
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Figure 4.9 The Arbitrage out the sample based on OLS (2020.12.18) 

 

Source: Own calculation 

This thesis then analyses the simulated returns of the GARCH time-varying 

volatility trading model. According to the arbitrage trading strategy formed during the 

sample period, the out-of-sample returns are simulated. When the standard deviation is 

the standard deviation 𝜎  of 240 changes calculated using the GARCH model on the 

previous trading day, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is greater than 0.73 𝜎, sell IF2101 and buy 2993 

Huatai-Pinebridge CSI 300ETF, close the position and make a profit when the spread 

sequence returns to the average value. When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is less than 0.73𝜎, buy IF2101 

and sell 2993 lots of Huatai-Pinebridge CSI 300ETF, and close the position to make a 

profit when the spread sequence returns to the average value. The arbitrage opportunity 

simulated by out-of-sample data based on the GARCH model is shown in the following 

figure. 

Figure 4.10 The Arbitrage out the sample based on GARCH (2020.12.18) 

 

Source: Own calculation 
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This thesis then analyses the trading results simulated by the two models. For the 

test results of out-of-sample simulated arbitrage transactions, this thesis calculates and 

analyses forward arbitrage and reverse arbitrage based on OLS and GARCH models 

according to the traditional indicators mentioned above. The results are as follows. 

Table 4.6 The transactions out of the sample (2020.12.18) 

 

Source: Own calculation 

According to the paired trading strategy formed in the sample, the simulation 

results of one-minute out-of-sample high-frequency data show that the time interval of 

each arbitrage is about 5 minutes. Based on the out-of-sample test results of the OLS and 

GARCH models, the winning rate is not much different, but the reverse arbitrage rate of 

the two models is higher than that of the forward arbitrage, and observing the ratio of 

profit and loss, it is found that the GARCH model positive arbitrage > OLS reverse 

arbitrage > GARCH reverse arbitrage > OLS positive arbitrage, because the profit-loss 

ratio measures profit. It can be shown that the statistical arbitrage strategy based on the 

two models is more suitable for reverse arbitrage. 

Select the one-minute high-frequency data on December 26, 2020, simulate the 

out-of-sample spread trading according to the pairing trading strategy formed during the 
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sample period, and calculate the spread sequence 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡  in the simulation range. 

Also select the standard deviation of the in-sample data period 𝜎=1291.9355, When 

𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is greater than 0.73𝜎, sell IF2101 and buy 2993 lots of Huatai-Pinebridge CSI 

300 ETF, close the position and make a profit when the spread sequence returns to the 

average value, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡  is less than 0.73𝜎, buy IF2101 and sell 2993 lots of 

Huatai-Pinebridge CSI 300ETF, close the position and make a profit when the spread 

sequence returns to the average value. The arbitrage opportunity simulated by out-of-

sample data based on the OLS model is shown in the following figure. 

Figure 4.11 The Arbitrage out the sample based on OLS (2020.12.26) 

 

Source: Own calculation 

According to the arbitrage trading strategy formed during the sample period, the 

out-of-sample returns are simulated. When the standard deviation is the standard 

deviation 𝜎 of 240 changes calculated using the GARCH model on the previous trading 

day, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is greater than 0.73 𝜎, sell IF2101 and buy 2993 Huatai-Pinebridge 

CSI 300ETF, close the position and make a profit when the spread sequence returns to 

the average value. When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is less than 0.73𝜎, buy IF2101 and sell 2993 lots of 

Huatai-Pinebridge CSI 300ETF, and close the position to make a profit when the spread 

sequence returns to the average value. The arbitrage opportunity simulated by out-of-

sample data based on the GARCH model is shown in the following figure. 
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Figure 4.12 The Arbitrage out the sample based on GARCH (2020.12.26) 

 

Source: Own calculation 

For the test results of out-of-sample simulated arbitrage transactions, this thesis 

calculates and analyses forward arbitrage and reverse arbitrage based on OLS and 

GARCH models according to the traditional indicators mentioned above. The results are 

as follows. 

Table 4.7 The transactions within the sample (2020.12.26) 

 

Source: Own calculation 
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According to the paired trading strategy formed in the sample, the simulation 

results of one-minute out-of-sample high-frequency data show that the time interval of 

each arbitrage is about 4 minutes. Based on the out-of-sample test results of the OLS and 

GARCH models, the winning rate is not much different, but the reverse arbitrage rate of 

the two models is higher than that of the forward arbitrage, and observing the ratio of 

profit and loss, it is found that the GARCH model reverse arbitrage > OLS reverse 

arbitrage > GARCH positive arbitrage > OLS positive arbitrage, because the profit-loss 

ratio measures profit. It can be shown that the statistical arbitrage strategy based on the 

two models is more suitable for reverse arbitrage. 

Similarly, this thesis first analyses the simulated returns of the OLS constant 

volatility trading model. Select the one-minute high-frequency data on January 6, 2021, 

simulate the out-of-sample spread trading according to the pairing trading strategy formed 

during the sample period, and calculate the spread sequence 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 in the simulation 

range. Also select the standard deviation of the in-sample data period 𝜎=1291.9355, 

When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡  is greater than 0.73 𝜎 , sell IF2101 and buy 2993 lots of Huatai-

Pinebridge CSI 300 ETF, close the position and make a profit when the spread sequence 

returns to the average value, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is less than 0.73𝜎, buy IF2101 and sell 

2993 lots of Huatai-Pinebridge CSI 300ETF, close the position and make a profit when 

the spread sequence returns to the average value. The arbitrage opportunity simulated by 

out-of-sample data based on the OLS model is shown in the following Figure 4.13. 

Figure 4.13 The Arbitrage out the sample based on OLS (2021.1.6) 

 

Source: Own calculation 

This thesis then analyses the simulated returns of the GARCH time-varying 

volatility trading model. According to the arbitrage trading strategy formed during the 

sample period, the out-of-sample returns are simulated. When the standard deviation is 
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the standard deviation 𝜎  of 240 changes calculated using the GARCH model on the 

previous trading day, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is greater than 0.73 𝜎, sell IF2101 and buy 2993 

Huatai-Pinebridge CSI 300ETF, close the position and make a profit when the spread 

sequence returns to the average value. When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is less than 0.73𝜎, buy IF2101 

and sell 2993 lots of Huatai-Pinebridge CSI 300ETF, and close the position to make a 

profit when the spread sequence returns to the average value. The arbitrage opportunity 

simulated by out-of-sample data based on the GARCH model is shown in the following 

Figure 4.14. 

Figure 4.14 The Arbitrage out the sample based on GARCH (2021.1.6) 

 

Source: Own calculation 

This thesis then analyses the trading results simulated by the two models. For the 

test results of out-of-sample simulated arbitrage transactions, this thesis calculates and 

analyses forward arbitrage and reverse arbitrage based on OLS and GARCH models 

according to the traditional indicators mentioned above. The results are as follows. 
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Table 4.8 The transactions out of the sample (2021.1.6) 

 

Source: Own calculation 

According to the paired trading strategy formed in the sample, the simulation 

results of one-minute out-of-sample high-frequency data show that the time interval of 

each arbitrage is about 6 minutes. Based on the out-of-sample test results of the OLS and 

GARCH models, the winning rate is not much different, but the reverse arbitrage rate of 

the two models is higher than that of the forward arbitrage, and observing the ratio of 

profit and loss, it is found that the GARCH model positive arbitrage > OLS reverse 

arbitrage > GARCH reverse arbitrage > OLS positive arbitrage, because the profit-loss 

ratio measures profit. It can be shown that the statistical arbitrage strategy based on the 

two models is more suitable for reverse arbitrage. 

Similarly, this thesis first analyses the simulated returns of the OLS constant 

volatility trading model. Select the one-minute high-frequency data on January 12, 2021, 

simulate the out-of-sample spread trading according to the pairing trading strategy formed 

during the sample period, and calculate the spread sequence 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 in the simulation 

range. Also select the standard deviation of the in-sample data period 𝜎=1291.9355, 

When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡  is greater than 0.73 𝜎 , sell IF2101 and buy 2993 lots of Huatai-

Pinebridge CSI 300 ETF, close the position and make a profit when the spread sequence 
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returns to the average value, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is less than 0.73𝜎, buy IF2101 and sell 

2993 lots of Huatai-Pinebridge CSI 300ETF, close the position and make a profit when 

the spread sequence returns to the average value. The arbitrage opportunity simulated by 

out-of-sample data based on the OLS model is shown in the following Figure 4.15. 

Figure 4.15 The Arbitrage out the sample based on OLS (2021.1.12) 

 

Source: Own calculation 

This thesis then analyses the simulated returns of the GARCH time-varying 

volatility trading model. According to the arbitrage trading strategy formed during the 

sample period, the out-of-sample returns are simulated. When the standard deviation is 

the standard deviation 𝜎  of 240 changes calculated using the GARCH model on the 

previous trading day, when 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is greater than 0.73 𝜎, sell IF2101 and buy 2993 

Huatai-Pinebridge CSI 300ETF, close the position and make a profit when the spread 

sequence returns to the average value. When 𝑀𝑠𝑝𝑟𝑒𝑎𝑑𝑡 is less than 0.73𝜎, buy IF2101 

and sell 2993 lots of Huatai-Pinebridge CSI 300ETF, and close the position to make a 

profit when the spread sequence returns to the average value. The arbitrage opportunity 

simulated by out-of-sample data based on the GARCH model is shown in the following 

Figure 4.16. 
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Figure 4.16 The Arbitrage out the sample based on GARCH (2021.1.12) 

 

Source: Own calculation 

This thesis then analyses the trading results simulated by the two models. For the 

test results of out-of-sample simulated arbitrage transactions, this thesis calculates and 

analyses forward arbitrage and reverse arbitrage based on OLS and GARCH models 

according to the traditional indicators mentioned above. The results are as follows. 

Table 4.9 The transactions out of the sample (2021.1.12) 

 

Source: Own calculation 
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According to the paired trading strategy formed in the sample, the simulation 

results of one-minute out-of-sample high-frequency data show that the time interval of 

each arbitrage is about 5 minutes. Based on the out-of-sample test results of the OLS and 

GARCH models, the winning rate is not much different, but the reverse arbitrage rate of 

the two models is higher than that of the forward arbitrage, and observing the ratio of 

profit and loss, it is found that the GARCH model positive arbitrage > OLS reverse 

arbitrage > GARCH reverse arbitrage > OLS positive arbitrage, because the profit-loss 

ratio measures profit. It can be shown that the statistical arbitrage strategy based on the 

two models is more suitable for reverse arbitrage. 

 

4.7 Statistical arbitrage trading model performance evaluation 

The above-mentioned indicators such as the annualized average rate of return, the 

cumulative rate of return at the end of the period, the accumulated annualized rate of 

return at the end of the period, the winning rate and the profit-loss ratio only describe the 

statistical arbitrage situation of the OLS model and the GARCH model in the most basic 

traditional sense. These indicators only consider the income situation does not consider 

the risks brought by the income, and the inspection method is relatively rough. Although 

the standard deviation of the rate of return is calculated in the thesis, this standard 

deviation only measures the overall fluctuation of the rate of return and does not consider 

the individual extreme cases risk, so only using these indicators to evaluate the quality of 

a model is one-sided. Therefore, this thesis uses the Sharpe ratio to evaluate the 

performance of an investment. At present, the Sharpe ratio has become a standard tool 

for investment performance and is a risk-adjusted performance evaluation method. The 

Sharpe ratio is calculated as follows in chapter 3. It should be noted that, for intraday 

trading strategies, there is no financing cost due to the fact that the position is not held 

overnight, so the calculation of the Sharpe ratio ignores the risk-free interest rate. The 

research on in-sample and out-of-sample arbitrage of the statistical arbitrage model in the 

previous section shows that the out-of-sample data of statistical arbitrage performs better, 

and arbitragers pay more attention to the performance of out-of-sample data, so this thesis 

uses out-of-sample data to calculate the Sharpe ratio. Its annualized, annualized Sharpe 

ratio is as follows in chapter 3. The Sharpe ratio based on out-of-sample one-minute high-

frequency trading data is shown in the following table. 
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Table 4.10 Performance evaluation of statistical arbitrage trading models 

 

Source: Own calculation 

According to model experience, the larger the Sharpe ratio, the better the 

performance of the trading model. According to the above calculation of the Sharpe ratio, 

the reverse arbitrage of the OLS model and the positive arbitrage of the GARCH model 

are the best. The cumulative annualized rate of return and the Sharpe ratio are both on the 

premise of lower annualized rate of return, the Sharpe ratio of OLS model positive 

arbitrage and GARCH model reverse arbitrage performance is poor, which is consistent 

with the arbitrage effect evaluated by traditional indicators. 

Therefore, it is recommended that arbitragers prefer the positive arbitrage 

operation of the GARCH model when using high-frequency data for statistical arbitrage 

trading strategies, followed by the reverse arbitrage of the OLS model, and finally the 

GARCH model reverse arbitrage. 
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5 Conclusion 

As China is currently in the transition period from a planned economy to a market 

economy, the market economy system is being established and the system is not perfect. 

The financial system, as a place where reform of the economic system is more difficult, 

is more underdeveloped and imperfect. In actual trading activities, arbitrage activities 

with pure zero risk are rare. Therefore, actual traders often do not require zero risk when 

arbitraging, and a considerable part of arbitrage activities are risky arbitrage. For the 

arbitrage behavior of arbitrageurs, the biggest limitation of China's financial system 

comes from the acquisition of low-cost funds and the construction of positions. When 

commercial banks monopolize funds, the investment judgment of commercial banks 

actually dominates the pricing of fixed-income products in the capital market, which often 

leads to the convergence of investment in the fixed-income product market, and other 

arbitragers are forced to follow suit. 

The purpose of this thesis is to study arbitrage opportunities in Chinese financial 

markets. And this thesis focuses on statistical arbitrage opportunities in China's financial 

market.  

This thesis comprehensively studies the statistical arbitrage of CSI 300 stock 

index futures and Huatai-Pinebridge CSI 300ETF based on 1-minute high-frequency data. 

Firstly, Huatai-Pinebridge CSI 300 ETF and Harvest CSI 300 ETF are selected as the 

substitutes of spot index, and three methods are used to calculate the tracking error of two 

CSI 300 ETFs for CSI 300 index. The research shows that Huatai-Pinebridge CSI 300 

ETF is better Tracking the CSI 300 index, the tracking error calculated by the three 

methods is less than 0.2%, while the daily tracking error of the Harvest CSI 300 ETF is 

greater than 0.2%. Therefore, the Harvest CSI 300 ETF is excluded from the selection of 

the CSI 300 ETF varieties, only the Huatai-Pinebridge CSI 300 ETF, which has been 

established for a long time, is relatively mature in operation, has good liquidity and has 

good tracking performance for the CSI 300 Index is selected. Secondly, the correlation 

between Huatai-Pinebridge CSI 300 ETF and CSI 300 stock index futures IF2101 is 

studied. The correlation between the two is very high. Only when the correlation is high, 

the results obtained by using the statistical arbitrage model will be more reliable, because 

the essence of statistical arbitrage is the mean value. Reply, that is, when the prices of the 

two assets maintain the same price trend for a long period of time as a whole, once the 

price difference between the two assets changes due to market fluctuations, after a short 
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period of correction, the price difference will always be consistent again and develop 

toward equilibrium. The statistical arbitrage in this thesis hopes to capture the arbitrage 

opportunity through the established model and obtain the income from the change of the 

price difference. This thesis uses two statistical arbitrage models, namely the least squares 

OLS constant volatility model and GARCH time-varying volatility model, select the 1-

minute high-frequency trading data closing prices of stock index futures IF2101 and 

Huatai-Pinebridge CSI 300 ETF, first perform unit root ADF test on the two time series 

to test their stationarity, and then test the 1 Minute high-frequency data establishes a 

regression equation, and finally determines the transaction threshold of 0.73𝜎𝑡  when the 

arbitrage profit is the largest. The first stage uses the in-sample historical transaction data 

to conduct pairing transactions, determines the pairing transaction strategy, determines 

the pairing transaction coefficients according to the cointegration test, and constructs the 

optimal arbitrage combination. The empirical results show that: using in-sample data, 

from the perspective of traditional indicators such as annualized average return, 

cumulative return at the end of the period, winning rate and other key indicators, the 

performance of the GARCH model is better than that of the OLS model. The simulated 

transaction results of out of sample data show that the reverse arbitrage yield of the OLS 

model is higher than that of the forward arbitrage, indicating that the statistical arbitrage 

strategy based on the OLS model is more suitable for reverse arbitrage. The statistical 

arbitrage strategy of the GARCH model is more suitable for positive arbitrage most of 

the time. 

Judging from the combination of traditional data and Sharpe ratio, using the 

GARCH model for forward arbitrage results is the best. Therefore, it is recommended 

that arbitragers prefer the GARCH model for the positive arbitrage operation, followed 

by the OLS model for the reverse arbitrage operation when conducting statistical arbitrage 

in China. 
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Annex 2: The correlation analysis of CSI 300 ETF and Index Futures 
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