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Abstract 

Different types of option arbitrage including lower/upper bound violations, put-call 
parity violations and convexity violations exist widely among different option markets. 
To get a better understanding of the relatively newly developed Chinese option markets, 
arbitrages among CSI 300 index options are analyzed under different classification 
methods such as moneyness, time to maturity and date when the trading takes place. In 
addition, Delta-hedge strategy is applied to see whether it is profitable under CSI 300 
index option markets. Research shows that the underlying option market is not efficient 
that huge amount of arbitrage opportunity occurs. The violation rate of put-call parity is 
extremely high. Significant arbitrage opportunities can be exploited if the trader focuses 
on in-the-money options and long-term options. Seeking to trade options of which the 
underlying security is suffering a downward trend might also be potentially beneficial. 
However, Delta-hedge strategy is likely to provide a loss. 
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1. Introduction 

1.1. Research Questions 

In this research, the primary object we investigate is the appearance of arbitrage opportunity 
within Chinese option market, the result of which will be used to derive on how efficient the 
market is and how to modify the trading strategy to benefit most from the market. 

Option markets in the worlds have been analyzed in different ways, with focus heavily on the 
European and American side. As we know, arbitrage opportunity will occur regularly in mature 
markets like CBOE but not frequently, as the market and traders will quickly correct the 
arbitrages, whereas whether it is true for new option market in China has not been sufficiently 
investigated. In this research, we’ll focus on Chinese option market which was developed in 
recent years using data from the CSI 300 index options for statistical analysis, seeking potential 
patterns that will lead to conclusive result for our research interest. 

1.2. Background for Chinese stock & option markets 

The Chinese stock market (mainland region) is mainly composed of the stocks of listed 
companies on the Shanghai Stock Exchange and the Shenzhen Stock Exchange. The Shanghai 
Stock Exchange was officially opened on December 19, 1990, and the Shenzhen Stock Exchange 
was officially opened on July 3, 1991. The establishment of these two exchanges marked the 
formation of the securities market of the People's Republic of China. What should be equally 
worth discussing is the options market in China. As more and more product types emerge, and 
the liquidity pool deepens, the mainland options market plays an increasingly significant role 
in serving the national economy. In 1995, the Stock Exchange of Hong Kong launched Asia's first 
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stock options, which were heavily traded and quickly became one of Hong Kong's most 
important financial derivatives. Then in 2015, the Shanghai Exchange launched China's first 
exchange-traded option -50ETF options. After 30 years of growth, the Shanghai Stock Exchange 
has developed into a stock exchange with four major types of securities: stocks, bonds, funds, 
and derivatives, and a relatively complete market structure.  

The Shanghai Stock Market is a self-regulatory system with a standardized and orderly 
operation. Relying on these advantages, the scale of the Shanghai stock market and the investor 
base are also growing rapidly. At present, China's option market is still in the development stage, 
and only a few exchanges in China are trading a small number of options. As a common sense, 
a relatively new market would be relatively unstable and inefficient, and whether this is the 
case for Chinese option market is part of our research interest. 

1.3. Research Organization 

In section 2, the background information of the data will be described as well as the 
methodology of the research. Each arbitrage opportunity involved, including boundary 
violation, put-call parity violation, convexity violation and Black Scholes model pricing error, 
will be explained with detailed definition.  

In section 3, some research findings of notable literature published before will be evaluated and 
provide insight to our research. 

In section 4, the statistical and analytical result of our research will be shown. In specific, 
findings in terms of first three violations are categorized into three groups: Based on 
moneyness, based on time to maturity and based on the trading date period. At the end, the 
application of Delta-hedge strategy based on black Scholes model will be assessed.  

In section 5, all findings will be summarized, and relevant recommendation strategy is provided 
to give the reader a general idea of the efficiency of the Chinese option markets. 

2. Data and Methodology 

2.1. Data 

The data used for the research in this paper is the CSI 300 index option data from Feb.9th, 2015 
to Feb.10th, 2020, covering exactly a 5-year period. As the sole underlying security for the option, 
CSI 300 is an equity index launched by Shanghai Stock Exchange and Shenzhen Stock Exchange. 
First calculated since April 8, 2005, it comprises of the 300 largest and most liquid A-share 
stocks. The purpose of creating the index is to reflect the overall performance of China A-share 
market [1], thus it acts a similar role as of S&P 500 Index to the US stock market. It is considered 
a blue-chip index for the Chinese financial market. 

The CSI 300 index option is an option stock derivative of CSI 300. It has certain characteristics 
which include 1. It is a European Option 2. The exercise date is fixed: the option can only be 
exercised at the third Friday of the month of maturity 3. The contract multiplier is ¥100 per 
index point (¥: Chinese Yuan) 4. Every day maximum price change is caped at 10% of the closing 
price of previous date’s CSI index. 5. Option position is closed with cash transaction at maturity 
[2]. 

The raw data is obtained through CFFEX website. It records essential information including but 
not limited to the option’s trading date, symbol, strike price, exercise date, close price, 
underlying security close price, remaining term, risk less rate, historical volatility, dividend 
yield and trading volume. 
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2.2. Methodology 

2.2.1. General logic explained 

The major part of the research is to check potential price violations that exist in the option data 
and discover patterns and methods of exploiting the arbitrage opportunity found in the 
research. 

If an option is considered relatively fairly priced, certain conditions have to be met. If any of the 
condition is violated, then an arbitrage opportunity could occur accordingly. In this section, all 
violations that are checked in this research will be described and explained. Since CSI 300 index 
option is a European option, the violation explained are only for European options. 

2.2.2. Definition 

the definition of every variable and its symbol are shown below. 

S: Price of the Underlying Security  

(if there is dividend, use S - PV (dividend) instead) 

X: Option’s Exercise Price 

C: Closing Price of the Call 

P: Closing Price of the Put 

T: Time to Maturity of the Option (Year) 

r: The continuous compounding risk-free rate 

r0: The simple annual risk-free rate 

PV(m): Present value of m.  

𝑷𝑽(𝒎) = 𝒎 ∗ 𝒆−𝒓𝑻 = 𝒎 ∗ (
𝟏

𝟏+𝒓𝟎
)𝑻                                                      (1) 

N(n): The value of CDF of normal distribution at n 

𝑵(𝒏) = 𝑷𝒓𝒐𝒃(𝑿 < 𝒏), where X ~ Normal (0,1)                                        (2) 

2.2.3. Option violation explanation 

1). Upper bound 

If the call option price is higher than the stock price, then people will choose to buy the asset 
directly on the spot market at a cheaper price than paying the option now and exercise price at 
maturity. In order for an option to be valuable, its price must at all times be below the 
underlying stock price. 

𝑪 < 𝑺                                                                               (3) 

For a European put option, the maximum payoff for owning it is the exercise price. Thus, its 
price can never be greater than the present value of the exercise price. 

𝑷 < 𝑷𝑽(𝑿)                                                                          (4) 

2). Lower bound 

For a call/put option, the price must be higher than its intrinsic value (after accounted for the 
time value), thus for call, we have 

𝑪 > 𝑺 − 𝑷𝑽(𝑿)                                                                     (5) 

for put, we have  

𝑷 > 𝑷𝑽(𝑿) − 𝑺                                                                     (6) 

An arbitrage opportunity will occur if two bounds above are violated. People can make money 
by buying cheap asset and selling expensive asset at the same time. 

3). Put-call Parity 

Put-call parity is an essential principle in option pricing: the value of a call is equal to the value 
of a put plus the underlying security price minus the present value of the exercise price. Buying 
a call option and a risk-free bond with a face value of X is equivalent to buying the underlying 
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security and a put option with same exercise date. Then by law of one price which indicates 
asset with same value should have same price, we have 

𝑪 + 𝑷𝑽(𝑿) = 𝑷 + 𝑺                                                                 (7) 

For this pricing principle, arbitrage opportunities occur when there is a divergence between 
the price of call options and the theoretical call options, which consists of buying a put, buying 
the security and selling a risk-free bond with face value of X. It can be exploited by buying the 
cheap and selling the expensive between actual call and theoretical call and liquidating all 
assets at maturity. 

4). Convexity 

The price of options must be convex, which means equal increases in exercise prices lead to 
change the call prices by less and less and change in the put prices by greater and greater. A 
butterfly spread can be bought under this situation and it will always have a non-negative profit. 

Specifically, for call, if  

𝑿𝟐  − 𝑿𝟏  =  𝑿𝟑  − 𝑿𝟐, then 𝑪𝟐  −  𝑪𝟑 <  𝑪𝟏  −  𝑪𝟐                                     (8) 

for put, if  

𝑿𝟐  − 𝑿𝟏  =  𝑿𝟑  − 𝑿𝟐, then 𝑷𝟐  −  𝑷𝟑 >  𝑷𝟏  −  𝑷𝟐                                    (9) 

(assume every option has same maturity date) 

5). Black Scholes model & Delta-hedge Strategy 

The black Scholes model is developed by Fischer Black, Myron Scholes [3] and is a famous 
option pricing method. The model assumes that the stock prices are log-normally distributed, 
and the distribution of option returns follow as well. The model only serves European options 
as American options can be exercised early. Moreover, the model only estimates non-dividend 
paying stock, thus stock price should be adjusted to eliminate the dividend effect. 

Based on Black Scholes model, the limiting price of a European Call option is 

𝑪′ = 𝑺𝑵(𝒅𝟏) − 𝑿𝒆−𝒓𝑻𝑵(𝒅𝟐)                                                      (10) 

𝒅𝟏 = (𝒍𝒏 (
𝑺

𝑿
) + 𝒓𝑻 +

𝟏

𝟐
 𝝈𝟐𝑻) /(𝝈 ∗ √𝑻)                                          (11) 

𝒅𝟐 =  𝒅𝟏 −  𝝈 ∗ √𝑻                                                                (12) 

In our research, we also name C’ as the theoretical call price, using put-call parity, we can get 
the theoretical put price P’ 

𝑷’ =  𝑪’ +  𝑷𝑽(𝑿) –  𝑺                                                              (13) 

Alternatively, 

𝑷’ =  𝑿𝒆−𝒓𝑻𝑵(−𝒅𝟐)  −  𝑺𝑵(−𝒅𝟏)                                                  (14) 

N(d1) and N(d2) measures the probability that the stock price will be in the money, hence will 
be exercised at the maturity. Note that it is calculated with the assumption that there will be no 
riskless arbitrage opportunity in the market, which is not always true.  

Nevertheless, the model provides a new perspective in determining whether an option is 
mispriced. 

For example, if the theoretical price of a call is higher than actual call, the call is considered 
underpriced. Then an arbitrage opportunity occurs based on a strategy which we call delta-
hedge. 

In above situation, the actual call is cheap, thus we buy the actual call and sell the delta 
𝑵(𝒅𝟏) shares of stock. This is our initial cash flow. The interpretation for delta is how much the 
option’s value will change per $1 change in the price of the underlying stock. In the future, we 
keep hedging to keep a “zero-delta” by buying delta-difference shares 𝑵(𝒅𝟏)𝒏𝒆𝒘 − 𝑵(𝒅𝟏)𝒐𝒍𝒅  
and record the cash flow. This is our intermediary cash flow. Eventually, we assume the call is 



Volume 2 Issue 2, 2021 

DOI: 10.6981/FEM.202102_2(2).0001 

5 

Frontiers in Economics and Management 

ISSN: 2692-7608 

exercised if it’s in the money and receive 𝒎𝒂𝒙 (𝟎, 𝑺 − 𝑿) and buy the delta shares of stock. This 
our final cash flow. Summing all cash flow together, we’ll get the profit of delta-hedge strategy.  

Details are shown below. (For Cheap call, assume hold to maturity) 

Initial cash flow: 𝑵(𝒅𝟏)𝒊𝒏𝒊𝒕𝒊𝒂𝒍 ∗ 𝑺𝒊𝒏𝒊𝒕𝒊𝒂𝒍 −  𝑪𝒊𝒏𝒊𝒕𝒊𝒂𝒍                                   (15) 

Intermediary cash flow:−[𝑵(𝒅𝟏)𝒏𝒆𝒘 − 𝑵(𝒅𝟏)𝒐𝒍𝒅 ] ∗  𝑺𝒏𝒆𝒘                            (16) 

Final cash flow: 𝒎𝒂𝒙 (𝟎, 𝑺 − 𝑿) −  𝑵(𝒅𝟏)𝒇𝒊𝒏𝒂𝒍  ∗  𝑺𝒇𝒊𝒏𝒂𝒍                                          (17) 

Profit = ∑ 𝒂𝒍𝒍 𝒄𝒂𝒔𝒉 𝒇𝒍𝒐𝒘𝒔                                                        (18) 

Similarly, if actual call is expensive: 

Initial cash flow: 𝑪𝒊𝒏𝒊𝒕𝒊𝒂𝒍 −  𝑵(𝒅𝟏)𝒊𝒏𝒊𝒕𝒊𝒂𝒍 ∗ 𝑺𝒊𝒏𝒊𝒕𝒊𝒂𝒍                                   (19) 

Intermediary cash flow: −[𝑵(𝒅𝟏)𝒏𝒆𝒘 − 𝑵(𝒅𝟏)𝒐𝒍𝒅 ] ∗  𝑺𝒏𝒆𝒘                           (20) 

Final cash flow: 𝑵(𝒅𝟏)𝒇𝒊𝒏𝒂𝒍  ∗  𝑺𝒇𝒊𝒏𝒂𝒍 −  𝒎𝒂𝒙(𝟎, 𝑺 − 𝑿)                             (21) 

Profit = ∑ 𝒂𝒍𝒍 𝒄𝒂𝒔𝒉 𝒇𝒍𝒐𝒘𝒔                                                        (22) 

Note that, we will terminate early if the price difference is corrected before maturity. 

If we exercise delta-hedge on put, the delta we use is [𝟏 − 𝑵(𝒅𝟏)]. 

If all assumptions are met, the delta-hedge strategy will always provide a positive earning. 
However, this might not be true given different real market situations. 

3. Literature review 

According to Amin, Coval and Seyhun, by assuming a standard option pricing model (option 
pricing does not allow arbitrage opportunities), there are only six factors in the option pricing 
formula: the price of the underlying asset, the exercise price, the time to expiration, the risk-
free interest rate, volatility and dividends on the underlying asset [4]. According to the 
prediction of the standard option pricing model, the relationship between momentum and price 
has not been examined. The authors firstly argue that option prices could be affected by 
underlying asset momentum through multiple channels. Second, the degree to which market 
participants want to bear a share price may depend on recent stock market movements, 
affecting the supply and demand of call and put options. Finally, past stock returns can change 
investors' expectations of a time when stock prices are rising. Test has been conducted on the 
S&P 100 index option prices (OEX) to see if it depends on past market returns. Results shows 
that when market returns rise strongly, raising the price of call options led to a violation of the 
boundary conditions for American put options. Through a series of experiments, Amin, Coval 
and Seyhun reach a reliable conclusion that there is evidence that past stock returns have a 
significant impact on option prices. Furthermore, they argue that it is necessary to examine how 
past stock returns affect documented biases in different options pricing models. In addition, the 
implied volatility of call and put options is indeed a systematic change as a function of past stock 
returns. 

The result shows that in the case of market defects, the past stock return has a great impact on 
the pricing of index options. Bullish implied volatility does not contain bearish implied volatility 
information. Therefore, using both call and put prices and considering past stock returns will 
provide an increase in the estimate. When testing the market efficiency of the options market, 
one should consider the different reactions of the call option market and put option market as 
the function of the past stock returns. Identifying systematic pricing errors in the options 
market can enhance the likelihood that arbitrage conditions will not significantly limit 
underlying price pressures in the stock market. 

Jie Cao and Bing Han argue that the delta-hedged equity option return decreases monotonically 
with an increase in the idiosyncratic volatility of the underlying stock [5]. Unlike the existing 
abnormal phenomena in the stock market or the mispricing of options related to volatility, it is 



Volume 2 Issue 2, 2021 

DOI: 10.6981/FEM.202102_2(2).0001 

6 

Frontiers in Economics and Management 

ISSN: 2692-7608 

consistent with the imperfect market and financial intermediary constraints. To reach the 
presented conclusion, Cao and Han test hypothesis that the return of options is negatively 
correlated with the volatility of the underlying stock characteristic. Data used in the empirical 
test is presented, followed by a discussion of the hedged option returns. Moreover, the results 
of the Fama-MacBeth regression and a test of several possible explanations is shown. The 
author uses the portfolio classification method to study the relationship between the return of 
hedging options and the heterogeneous volatility of stocks.   

A related research conducted by Cao, Vasquez, Xiao and Zhan propose the relationship between 
the uncertainty of volatility and future delta-hedge equity option returns [6]. In the end, they 
conclude that option traders charge a higher premium for single-name options with higher 
volatility uncertainty because it is difficult to hedge against such stock options. 

The research of Amit Goyal and Alessio Saretto points out a conjecture that besides the factors 
we mention, historical realized volatility (RV) and the implied volatility (IV) may also be an 
important way to create option volatility mispricing and gain arbitrage from such portfolios 
even we can’t see a close correspondence between them [7]. 

They use the dataset of the U.S. equity options from 1996 to 2005, which includes daily closing 
bid and asking quotes on American options as well as IV and deltas. With a calculating method 
including using standard deviation of realized daily stock returns to get RV and IV from both 
one-month-to-maturity and at-the-money options, the researcher finds out that the calculated 
results seem to be close to each other (58.3% for RV and 60.0% for IV). However, the RV has 
relatively higher volatility while important events on the company seem to mainly impact the 
IV. In a further research, stocks are divided into different portfolios based on the difference 
between RV and IV and try to find the characteristic of each groups. After analyzing, the 
summary indicates that with higher difference between RV and IV, portfolios have an 
significantly higher average return (22.1% to 2.8% for calls and 0.4% to -28.1% for puts) 

To conclude, Goyal and Saretto show that instead of using option prices, the implied volatility 
may be a better way to gain a higher profitability as the IV from the cross-sectional model is 
closer to the real price of options. 

Finally, one important factor in option pricing is calculating option returns. Coval and Shumway 
have investigated on what risks are priced in the option pricing and how do those risks exert 
an influence on the expected returns [8]. It’s commonly known that options have a characteristic 
of high-risk and high return, just like other risky securities following the asset pricing theory. 
Therefore, a few researches that rely the option pricing on the prices of underlying securities 
has been conducted before. However, Coval and Shumway explore this question using option 
return. 

They give some instructive assumption on theoretical expected returns. By introducing the 
expectation operator E, the gross return of asset Ri, and the strictly positive stochastic discount 
factor m, they give a pricing relation  

𝑬 [𝑹𝒊  · 𝒎]  = 𝟏𝟐                                                                (23) 

This relation can help to develop the proposition that with stochastic discount factor m 
negatively related with the certain security price, call on this security will have positive 
expected return and put will have an expected return below the risk-free rate, which are both 
increasing in strike price. 

Besides, by relating CPAM and Geometric Brownian Motion, they also make assumptions on 
Black-Scholes stating that with higher strike price, calls could earn more than the underlying 
security and puts would lose less compared with risk-free rate. Two sets of data, the weekly 
returns of European-style call and put options on the S&P 500 index over a six-year period, 
from January 1990 to October 1995 and daily returns of American-style call and put options on 
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the S&P 100 index over a 10-year period, from January 1986 to December 1995 is used in the 
research.  

By observing options’ return, they conclude that “option returns largely conform”. However, 
compared with the systematic risk, evidences show that both calls and puts earn exceedingly 
low returns, for example, zero-beta straddles average around -3 percent per week in return. 
Besides, their results show that systematic stochastic volatility may also be an important factor 
in pricing. This factor is not included in the research of this paper, while it can be used as the 
base for a further research project. 

4. Findings 

4.1. General method 

Considering the different nature of each arbitrage opportunity, boundary violation, put-call 
parity and convexity arbitrage will be discussed separately. Additionally, we cross-reference 
result of each arbitrage category with three variables we deem essential: moneyness of option, 
time to maturity of the option and the specific time period when the trading takes place. 
Specifically, for each category, we calculate the ratio of arbitrage, mean, median, standard 
deviation of arbitrage value, average trading volume and the average duration (the length of 
average time of existence of one arbitrage). 

At the end, the practical application of Delta-hedge strategy will be analyzed to determine 
whether there is significant profit that can be extracted by applying the strategy.  

Note that every arbitrage is accounted after transaction costs to make the case more practical. 

4.2. Overall pattern 

It is worth mentioning that there is no upper bound violation for the data. This phenomenon is 
understandable since the violation of upper bound is easy to notice, hence easily avoidable. 
We'll omit the upper bound arbitrage in this paper and only investigate lower bound arbitrage 
for boundary violations. 

In addition, Figure 1 shows that for arbitrage only data, the arbitrage value is largely right 
skewed, especially for boundary violations.  

 
Figure 1. Histogram for lower-bound call arbitrage value 

 

Thus, when calculating mean and median for arbitrage, it is common that mean will be 
significantly larger than median. This is because occurrence that price of options closing to fair 
value appears more than occurrence that options’ been significantly mispriced. 
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4.3. Moneyness 

An option is considered in the money if the option holder will receive positive payoff by 
exercising the option immediately. Specifically, for call options, if S > X, it is in the money; if S < 
X, it is out of the money. The result is reversed for put. In this paper, we use 5% as a boundary 
value for at-the-money option, that is for any option, if S/X ϵ [0.95,1.05], we treat it as at-the-
money. In this section, we check boundary violation, put-call parity and convexity violation 
based on an option's moneyness. 

Another notable characteristic is about trading volume. Considering calls as example, the 
trading volume is much higher when option is at the money (2535.55 contracts on average), 
which is more than four times higher of in the money (603.62 contracts on average) and 
approximately 2.5 times of out of the money. In fact, the trading volume of put follows same 
pattern that the volume is much higher when at the money. The result indicates that people are 
more willing to transact options when the strike price is closer to the stock price. This might be 
largely due to the fact that for at-the-money options, the chance of earning a profit for both 
sides is relatively fair, thus more trading will be engaged. 

4.3.1. Lower bound arbitrage based on moneyness 

The value ¥25 is used as the transaction cost for a contract of lower bound arbitrage, as on 
average, it costs ¥15 to trade an option, and ¥10 to trade a contract of stock. The result shows 
that there exist 2833 arbitrages for call (7.67%) and 864 arbitrages for put (2.34%) out of 
36922 transactions.  

 

 
Figure 2. Lower bound arbitrage values for call based on moneyness 

 

 
Figure 3. Lower bound arbitrage values for put based on moneyness 
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The following result is observed based on Figure 2 & 3 above: 

1. There exists no lower bound arbitrage when the option is out of money. 

2. When option is in the money, there exists higher arbitrage rate than when it's at the money 
(Call: 17.73% to 2.26%; Put: 7.25% to 1.46%). At the same time, the arbitrage mean is higher 
when the option is at the money. (Call: ¥105.91 vs. ¥56.18, Spread: ¥49.73; Put: ¥102.46 vs. 
¥63.81, Spread: ¥38.65). In addition, the duration of arbitrage is higher. This shows that in-the-
money options contains better arbitrage opportunities in terms of both quality and quantity. 

3. When option is in the money (more and better arbitrage opportunities), the arbitrage 
duration is longer. When options are in the money, the average duration time for calls is 2.28 
days and for puts is 1.31 days. When options are at the money, the average duration time for 
calls is 1.38 days and for puts is 1.19 days. The information from Figure 4 may provide part of 
the reasons. The fewer transaction volume for in-the-money options indicate that there are 
fewer people engaging in arbitrage, which lead to a longer time to reach a market equilibrium 
before arbitrages disappear. 

 

 
Figure 4. The volume of call options with/without arbitrage based on moneyness 

 

Since at-the-money options have the highest transaction volume, conclusion is made that large 
amount of lower bound arbitrage opportunities haven't been exploited. 

4.3.2. Put-call parity based on moneyness 

For this section, ¥40 is set as the transaction cost for put-call parity arbitrage (¥30 for 
buying/selling one call and one put, ¥10 for transact the stock). Since put-call parity is an 
equation that contains both put and call prices, data only needs to be analyzed once based on 
calls or puts. Based on calls, findings show that 54.99% of transaction are violated with the 
arbitrage profit mean ¥64.96, which is a particularly high percentage of arbitrage. This 
indicates that huge amount of mispricing exists concerning the price relationship between call 
and corresponding put within option market in China. This is an evidence showing that Chinese 
option market is relatively inefficient.  

In addition, after analyzing data based on moneyness, no direct and significant influence that 
moneyness has on put-call parity arbitrage has been found. However, the data shows that calls 
have more lower bound arbitrage than puts, which means there are more calls that are priced 
too low. It is possible that the put-call parity arbitrage situation described in our data is because 
that more calls’ prices are set relatively lower with respect to put. However, more evidences 
are required to prove this hypothesis. 
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4.3.3. Convexity based on moneyness  

For convexity violation, a butterfly spread is needed to construct to seize the arbitrage. 
Therefore, set ¥60 is set as the transaction cost accordingly (need to buy 2 options, sell 2 
options). In the data, 2278 arbitrages for calls (6.17%) and 1856 arbitrages for puts (5.03%) 
are found. Besides, the quantity distribution of call & put arbitrage is showed is Figure 5 & 6. 

 

 
Figure 5. Convexity arbitrage values for call based on moneyness 

 

 
Figure 6. Convexity arbitrage values for put based on moneyness 

 

From in-the-money to at-the-money to out-of-the-money, following patterns are observed. 

1. Arbitrage ratio goes down for both puts (8.11%-4.57%-3.48%) and calls (8.56%-5.57%-
3.42%); 2. Arbitrage profit and uncertainty decreases for calls and arbitrage profit and 
uncertainty increases for puts. Suggestions can be made accordingly that it's better to exploit 
convexity arbitrage by buying butterfly spread for in-the-money call and avoid in-the-money 
put and out-of-the money call. 

4.4. Time to maturity 

In this section, all option transactions are divided by their time to maturity and investigate 
patterns accordingly. Specifically, it is defined that option with less than 1 month until maturity 
to be short term; those between 1 to 6 months until maturity to be medium term; the rest (over 
6 months) to be long term. Overall, 14221 short-term option transactions, 18983 medium term 
transactions and 3718 long-term transactions are recorded, indicating that short-term and 
medium term are much more preferable by Chinese option traders. This is backed by the 
volume data. For all three categories of violations, short-term options record a significantly 
higher amount of trading volume, showing that the time to maturity is negatively correlated 
with the option market preference. 

4.4.1. Lower bound arbitrage based on time to maturity 

It is noticeable that in terms of lower bound arbitrage, as indicated in Table 1, both call and put 
data show significant increase in arbitrage ratio with the decrease in time to maturity. 
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Table 1. Ratio of Arbitrage for lower bound arbitrage violations 
Remaining Time for Call Ratio for Arbitrage Remaining Time for Put Ratio for Arbitrage 

< 1 month 9.98% < 1 month 3.61% 
1 to 6 months 6.68% 1 to 6 months 1.66% 

> 6 months 3.90% > 6 months 0.94% 

 

However, as shown in Figure 7, the value of arbitrage measured based on mean and medium 
shows a reversed trend, with the number under short-term being evidently lower. 

 

 
Figure 7. Lower bound arbitrage values for call & put based on option term 

 

It creates a viable strategy that if a lower bound arbitrage opportunity should be maximumly 
exploited, the investor should seek to search options with longer time to maturity. In reality, 
since majority of transaction volume with arbitrage falls into short-term options (Short term  

vs. Long term: CALL: 667.5 vs. 238.9; PUT: 1207.9 vs. 162.10), these strategy does not seem to 
be incorporated among Chinese traders. 

4.4.2. Put-call parity based on time to maturity 

As for put-call parity, Table 2 shows that average arbitrage ratio increases from 30.95% (short-
term) to 72.08% (long-term) with increase in time to maturity. In addition, mean, median, 
standard  

deviation and duration all show an upward trend (as shown in Figure 8). This is a strong 
evidence that put-call parity violation is extremely heavy among options with longer time to 
maturity. It indicates a fact that Chinese stock market is relatively unstable and option pricing 
for long-term is highly unreliable. 

 

 
Figure 8. Put-call parity arbitrage values based on option term 
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Table 2. Ratio of Arbitrage for Put-call parity arbitrage violations 
Remaining Time Ratio for Arbitrage 

< 1 month 30.95% 
1 to 6 months 53.82% 

> 6 months 72.08% 

 

4.4.3. Convexity based on time to maturity 

Thirdly, for convexity violation, as Figure 9 displays, the mean, median and standard deviation 
of arbitrage do not differ significantly, except for a fact that profit is higher and more uncertain 
for long-term calls. It reflects that time to maturity is not a very influential factor for convexity 
arbitrage, however, long-term call does provide a slightly better chance for a higher return. 

 

 
Figure 9. Convexity arbitrage values for call & put based on option term 

 

Overall, it appears that more arbitrage opportunity exists within options with longer term. It 
contradicts with the current preference of option transaction in the market, thus we conclude 
that in order to maximize the arbitrage profit, one should shift his focus to long-term options. 

4.5. Time period of trading date 

This section investigates whether there is any relationship regarding the appearance of 
arbitrage and the corresponding time period when the trading takes place. It’s worth noting 
that under specific time period the CSI 300 index option market was under paper trading, thus 
it might not be a perfect reflection of the actual market de44e[9]. Still, there are insights that we 
can take away.  

For example, Figure 10 & 11 shows the arbitrage value for lower bound and put-call parity 
respectively. 

 

 
Figure 10. Lower bound arbitrage values for call & put based on trading period 
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Figure 11. Put-call parity arbitrage values based on trading period 

 

Comparing these two graphs, it is noticeable that the call lower bound arbitrage value and put-
call parity arbitrage value reached peak at around July 2017. At the same time, put lower bound 
arbitrage value decreased to the minimum. This is an indication that the price of call option is 
evidently undervalued, to an extent severer than any other period. Looking at the CSI 300 index 
trend (Figure 12) of the same period, it is clear that July 2017 is a starting point of major stock 
price upward trend. Similar pattern was found around Dec 2018 [10].  

This shows that massive underpriced call might be associated with a future stock price increase. 
As the call value will increase as the stock price increase, we might reasonably deduce that 
when stock price is at a local bottom, there would be huge amount of underpriced call existing 
in the market. This might not provide us with a viable and reliable trading strategy, because no 
one would be able to predict the stock trend precisely. However, it does remind us to actively 
seek arbitrage opportunity when there is a market decline on the underlying security, as people 
might misjudge the value of an option and adjust the price on the right direction but to an 
excessive amount. 

 

 
Figure 12. CSI 300 index market trend from 2015 to 2020 [10] 

 

4.6. Delta-hedge strategy based on Black Scholes model  

In this section, the application of Delta-hedge arbitrage strategy on the CSI 300 index options 
based on Black Scholes model is studied. Based on the initial condition concerning the price 
difference of the option and its theoretical price calculated according to the Black Scholes model 
introduced in section 2.2.3, all options are categorized into five groups: Expensive Call, Cheap 
Call, Expensive Put, Cheap Put and No arbitrage. Only first four groups will be primarily 
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analyzed. A transaction cost of ¥70 is introduced, and options with actual and theoretical price 
difference less than ¥70 will be considered arbitrage-free. Since Delta-hedge strategy revolves 
around buying or selling stocks every day to keep zero-hedge, this transaction cost ensures that 
price gap is large enough for a practical arbitrage opportunity. 

Figure 13 displays the profit summary for each category. Data shows that the vast majority of 
arbitrage opportunity requires options to be considered “Cheap”, which contributed 92.48% of 
calls and 89.82% of puts. The number of “expensive” options are quite small. It indicates that 
options are likely to be overvalued using Black Scholes model. The phenomenon may be 
explained by the extreme instability of volatility. The average divergence of historical volatility 
and implied volatility is -18.62%, but the standard deviation is 50.91%, showing that under 
Black Scholes model, the market is unrealistically instable. This might be an indication that the 
assumption of BS model is not suitable for Chinese Option Market. 

 

Table 3. Summary of Black-Scholes Model on Call & Put 
BS Model on Call 

Initial Condition # Ratio Average Arbitrage Standard deviation 
Call is cheap 1181 92.48% -46.18 412.64 

Call is expensive 16 1.25% 121.41 505.36 
 

BS Model on Put 
Initial Condition # Ratio Average Arbitrage Standard deviation 

Call is cheap 1147 89.82% -66.24 543.34 
Call is expensive 41 3.21% -284.76 903.79 

 

Result of Table 3 provides similar conclusion. Only “expensive call” has an overall positive profit 
(on average ¥121.48), and summarized by trading date, all four groups are significantly volatile 
as shown in the graph below without a notable pattern. Thus, it’s hard to identify whether an 
option will result a positive Delta-hedge profit or not based on information given on the trading 
date. Moreover, for the only group with positive profit, specifically targeting it may not be a 
good strategy. There are only 16 instances over a five-year period, consider the rarity of the 
situation, there is no insurance that overall positive earnings will occur given the high standard 
deviation.  

 

 
Figure 13. Summary of Delta-hedge strategy profits for each category 
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To conclude, the standard Delta-hedge strategy is not efficient in CSI 300 index option market. 
On average, negative profit is expected under the strategy. In order to exploit it, better 
assumptions have to be made along with a deeper investigation of the characteristics of Chinese 
option market. 

5. Conclusion 

The findings are summarized in this section. In general, no upper bound violations are 
discovered, indicating those cases are extremely rare even in premature market like the one we 
discuss.  

In terms of moneyness, traders strongly prefer at-the-money options as they provide relatively 
fair chances for positive earnings for both long and short sides. However, after analyzing the 
data, it is found that majority of arbitrage opportunities are hiding under in-the-money options, 
especially for lower bound arbitrage and convexity arbitrage. Specifically, in-the-money call 
provides an average lower-bound profit spread of ¥49.73, in-the-money put provides an 
average lower-bound profit spread of an average convexity profit spread of ¥38.65 against at-
the-money options. They appear more often as well. In addition, in-the-money call has the 
highest average convexity arbitrage profit than any other group. Thus, it would be most 
profitable and efficient to look for arbitrage opportunity within in-the-money options. Put-call 
parity violations’ distribution does not seem to be significantly affected by moneyness. 
However, it is evident that Chinese option market is not efficient in pricing calls relative to 
corresponding puts, as put-call parity is violated more than half of the time (54.99%) even after 
incorporating transaction cost. 

If time to maturity is considered as the primary variable, the data shows that long-term options 
have higher arbitrage mean and median for boundary and put-call parity violations. Typically 
for put-call parity violation, mean, median, standard deviation and average duration are all 
higher for long-term options, making it a valuable target group. Convexity arbitrage is not 
strongly affected by time to maturity, but it does appear that long-term call is slightly more 
profitable. 

After cross-referencing the arbitrage value with the trading date and compare it to the stock 
price trend, result shows that there tend to be more underpriced calls when the stock price is 
at the local minimum. It informs the traders when underlying security is suffering a constant 
downward trend in Chinese market, they should seek to exploit the arbitrage opportunity 
because options at that time are more likely to be mispriced. 

Finally, applying Delta-hedge strategy based on Black Scholes model is highly probable to incur 
a loss. Only “Expensive call” displays a profit potential of an average of ¥121.41 among all 4 
initial conditions, but considering the rarity of the case (16, 1.25%), the strategy should not be 
treated as being effective.  

To conclude, since efficient market hypothesis states that a market is perfectly efficient if it’s 
free of arbitrage opportunities, we believe that based on research on CSI 300 index options, one 
of the few largely traded options within Chinese markets, the Chinese option market is quite 
not efficient. The primary determining evidence is the 54.99% put-call parity violation ratio 
and thus there are not enough arbitrageurs to negate those arbitrages. The investors aiming to 
maximize their arbitrage profit should focus on options that are in-the-money and have longer 
term. In addition, arbitrage opportunities will occur more often when market is suffering a 
downward trend or is near the local bottom. Delta-hedge strategy is not recommended as the 
expected profit is negative and the result is highly unpredictable. 
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