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Abstract 

This paper investigated the history of the CBOE and CFFEX data analysis, through to the 
bonds violation, convexity violation, maturity violation, the put - call parity violation and 
Black - Scholes model were compared. We found that the violation rates of the US market 
and the Chinese market are very different. And the default rate of the upper and lower 
bounds is obviously different. Moreover, CFFEX's bump irregularity rate is higher than 
CBOE's bump irregularity rate. In addition to the research on the Black-Scholes model, 
we conclude that compared with the US market, the Chinese market has larger violations 
and more arbitrage opportunities. And the arbitrage profits of arbitrageurs in China are 
also considerable. 
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1. Introduction 

Option is an important derivative instrument, and its influence on the financial market is 
gradually expanding. And options market participants including hedgers and speculators and 
arbitrageurs. This paper studies arbitrage opportunities in CFFEX and CBOE, two 
representative markets, from the perspective of a arbitrageurs. Research content includes the 
bounds violation, convexity violation, maturity violation, the put - call parity violation and Black 
- Scholes model violation. And this paper focuses on studied four violation: bound, convexity, 
the put - call parity, the Black-Scholes model. 

Throughout the development history of global options, China's options history is very short. 
But for the US market, the development of options has a long history. Moreover, CBOE 
established the options trading market and launched standardized contracts, which brought 
about revolutionary changes in option trading. The CBOE was formally established, which 
marked that the option trading entered a new development stage of standardization and 
standardization. The CBOE launched a call and a put on the stock, both of which were successful. 
And CBOE has a driving force for the development history of options that cannot be ignored. 
The reason for choosing CFFEX is that it is actively planning to launch stock index futures and 
stock index options, and deeply researching and developing financial derivatives such as 
Treasury bonds, foreign exchange futures and foreign exchange options.We believe that by 
studying and comparing the data of these two transactions, we can more intuitively compare 
the differences between the two markets. This is also the biggest characteristic of this article. 

The paper is organized as follows. The second part is literature review. In the third part, the 
research data and methods are introduced. In the fourth part, test results and empirical results 
are discussed. The fifth part, summarizes the whole paper. 
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2. Literature Review 

Amin, Coval, & Seyhun (2004) studied the relationship between index option price and stock 
market momentum. This is the first study to empirically document the effect of past stock 
returns on option prices and does not rely on any equilibrium option pricing model. Their 
results suggest that in imperfect market conditions, past stock returns have a significant impact 
on the pricing of index options, which can lead to volatile smiles. The strong negative past 
market returns lead to the violation of the us call option boundary conditions to increase the 
put option price. In order to solve this problem, the author adopts parameter test, which proves 
that the volatility spread increases with the increase of the stock market and decreases with 
the decrease of the stock market. And option prices are influenced by past stock returns and 
when stock returns were higher in the past. When past stock returns are positive, call option 
prices come under upward pressure, and vice versa. The authors' findings are advanced, and 
their conclusions can help investors choose different trading strategies.[1] 

Goyal & Saretto (2011) discovered an important economic source of option implied volatility 
mispricing by studying the cross-section of American stock option returns, namely the huge 
deviation between implied volatility and historical realized volatility. The authors studied the 
attractiveness of the return of long and short strategies by using a linear factor model and found 
that the return is a good supplementary of usual risk factor. Short - span strategy can also be a 
good hedge against volatility risk. Therefore, although liquidity factors play an important role 
in the implementation and profitability of option strategies, this mispricing signal also leads to 
huge benefits. [2] 

Cao and Han (2013) mainly tested a hypothesis: there is a negative correlation between option 
returns and the idiosyncratic volatility of the underlying stock. The author also found that when 
the liquidity of the underlying stock or option is low and the open interest return of the option 
is high, the average hedging complete return of the fully hedged option is larger. This paper also 
provides a comprehensive study on the returns of individual stock options after triangulated 
hedging of the underlying stock, which also presents a new key finding: the average return of 
hedging options is negative and monotonously declines with the increase of the underlying 
stock's inertial volatility. However, the cross section of stock option return, including option 
momentum phenomenon, needs further study and discussion.[3] 

Cao et al. (2018) studied the relationship between volatility of volatility(VOV) and delta-he 
hedged stock option equity. Many theories in the past could not explain the negative correlation 
between VOV and return, so a lot of analysis was done to try to explain it. In this paper, taking 
the stock options market as the research object, delta-he hedged option portfolio is constructed, 
and delta hedging is used to eliminate the stock price fluctuations every day. This paper proves 
that there is a robust negative correlation between volatility and future hedging option returns. 
They decomposed the VOV into volatility of positive percentage change of volatility (VOV+) and 
volatility of negative percentage change of volatility (VOV-). [4] 

3. Data and Methodology 

 

Table 1. Historical Data of COBE and CFFEX 
 OPTION 
 CFFEX CBOE 

No. of option 36922 1048575 
 CALL PUT CALL PUT 
 (CNY) (USD) 

Mean 328.63 272.83 13.73 9.71 
Medium 207.20 144.20 4.50 2.68 

STD 390.04 365.56 33.95 24.59 
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We get the historical data of COBE and CFFEX. The data include 1048575 option transactions 
of American option market and 36922 option transactions of Chinese option market. To know 
the data size better, we do some basic statistic tests, which shows in the Table 1. 

In our research, we considered the next six situations to confirm whether a option violate or 
not.  

3.1. Bounds violation 

Upper and lower boundaries is an important standard to judge whether there is arbitrage 
opportunity or not. We should analysis four boundaries one by one in the paper, and test 
boundary violation of the data.  

3.1.1. Lower bound on call price 

C>max(S-PV(X),0) 

If there is call option which cheaper then S-PV(X) in European market, people can buy the call 
for C, short the stock for S, and lend PV(X) with risk-free rate. Since C<S-PV(X), people can get 
cash immediately. 

At maturity, X can be received. If S>X, exercise the call and deliver the stock against short sale 
position. If S<X, use S long stock and deliver against short sale. Extra profit existed. 

If dividend is considered, the lower bound on call price should be: C>max(S-D-PV(X),0) 

3.1.2. Upper bounds on call price 

C<S 

If call option price is higher then stock price, people can sell the call, buy the stock and pocket 
the difference c-S. 

3.1.3. Lower bounds on put price 

P>max (PV(X)-S,0) 

Suppose that European lower bound is violated and P<PV(X)-S. People can buy the put for P, 
buy the stock for S, and borrow PV(X). Since P<PV(X)-S, people can get cash immediately. 

At maturity, if S<X, exercise the put the sell the stock for X, then return X to bank. No cash out. 
If S>X, sell the stock and return X. Extra profit existed. 

If dividend is considered, the lower bound on put price should be:  

P>max (PV(X)+D-S,0) 

3.1.4. Upper bounds on put price 

P<PV(X) 

If put option price is higher than present value of X, people can lend PV(X) with risk-free rate 
and gain X at maturity. 

In conclusion, the boundaries of the European option conform to the following Table 2: 

 

Table 2. Boundaries of the European Option: 
 Without dividend With dividend 

Lower bounds on call price C>max(S-PV(X),0) C>max(S-D-PV(X),0) 
Upper bounds on call price C<S C<S 
Lower bounds on put price P>max(PV(X)-S,0) P>max(PV(X)+D-S,0) 
Upper bounds on put price P<PV(X) P<PV(X) 

 

In additional, if the profit of arbitrage is lower than transaction cost, arbitrageur would not do 
it.  

Shown on Table 3. Transaction cost should be considered in the test, and the boundaries of 
option used in the test is: 
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Table 3. Boundaries of Option including cost: 
Lower bounds on call price C>S-PV(X)-D-t 
Upper bounds on call price C<S 
Lower bounds on put price P>PV(X)-S+D-t 
Upper bounds on put price P<PV(X) 

 

3.2. Convexity violation  

Butterfly spread can be used to gain risk free profit if the convexity condition is not satisfied.  

Suppose the convexity condition is violated: 

Given that C1, C2, C3 respectively are call price of the options that strike price is X1, X2, X3.  What’s 
more:  

𝑋1 < 𝑋2 < 𝑋3 

𝑋2 − 𝑋1 =  𝑋3 − 𝑋2 

𝐶1 − 𝐶2 <  𝐶2 −  𝐶3. 

By using butterfly spread, we can: 

A: buy 1 call option at C1 

B: sell 2 call options at C2  

C: buy 1 call option at C3 

The cash flow should be 

2𝐶2 − 𝐶1 − 𝐶3 > 0 

Cash in immediately. 

Shown on Table 4, at maturity: 

 

Table 4. Convexity violation at maturity 
 S<X1 X1<S<X2 X2<S<X3 X3<S 

A 0 0 0 S-X3 

B 0 0 -2(S-X2) -2(S-X2) 
C 0 S-X1 S-X1 S-X1 

Net 0 ≥0 ≥0 0 

 

Therefore, no matter how the stock price changed, people can always gain risk-free profit if the 
relationship between strike price and call price is not convex. 

If butterfly spread is used, people need buy 2 call option and sell 2 call option, so 4 transaction 
cost would be spent. By considering the transaction cost, if  

2𝐶2 − 𝐶1 − 𝐶3 − 4𝑡 > 0 

We can say there is convexity violation. 

3.3. Maturity violation 

The price of an option can be divided into two parts: intrinsic value and time value. That is, 
option price=intrinsic value+time value. Intrinsic value equals max(S-X,0) for call options and 
max(X-S,0) for put options. Options with the same strike price have the same intrinsic value, 
and the difference in price is resulted from the difference in time value. Options with longer 
maturity always have larger time value. If this relationship is violated, arbitrage opportunities 
exist. Consider two call options with the same strike price X but different time to maturity T1 
and T2, T1<T2. If the price C1>C2, we can short C1 and long C2 and make a upfront option 
premium inflow. When C1 expires, the value of C1=max(S-X,0), the value of C2=(S-X,0) + time 
value. C2>C1. We can make the profit. 
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3.4. Put-call parity violation 

Theoretically, if the equation(S+P-PV(D)=C+PV(X) does not work, there is put-call parity 
violation. But in this research, violations within ±t can be ignored by considering the 
transaction cost, so, if 

−𝑡 ≤ 𝑆 + 𝑃 − 𝑃𝑉(𝐷) − 𝐶 − 𝑃𝑉(𝑋) ≤ 𝑡 

It would be seemed as arbitrage opportunity. 

3.5. Black-Scholes Model 

For non-dividend European call options, we can directly use the Black-Scholes formula to 
calculate: 

𝐶 = 𝑆 ∗ 𝑁(𝑑1) − 𝑋 ∗ 𝑒−𝑟𝑇 ∗ 𝑁(𝑑2) 

For non-dividend European put options, we can use the following formula to calculate: 

𝑃 = 𝑋 ∗ 𝑒−𝑟𝑇 ∗ 𝑁(−𝑑2) − 𝑆 ∗ 𝑁(−𝑑1) 

Considered dividend: 

𝐶 = 𝑆 ∗ 𝑒−𝑦𝑡 ∗ 𝑁(𝑑1) − 𝑋 ∗ 𝑒−𝑟𝑇 ∗ 𝑁(𝑑2) 

𝑃 = 𝑋 ∗ 𝑒−𝑟𝑇 ∗ 𝑁(−𝑑2) − 𝑆 ∗ 𝑒−𝑦𝑡 ∗ 𝑁(−𝑑1) 

The prices of call and put options are modelled by the Black-Scholes equations. 

The difference between actual prices of options and the theoretical prices calculated from BSM 
could provide arbitrage opportunities. Delta of call=N(d1), Delta of put=N(d1)-1. Since stock 
prices change every day, we need to modify the shares of stock we hold and keep our position 
delta neural. We close out this position until the theoretical and the actual price of the option 
converge. 

The transaction cost in Chinese option market is estimated to be CNY10 for selling or buying a 
call or a put. The cost during the whole trading period of a mispriced call is estimated to be 
CNY40, and that of a mispriced put is CNY50. This discrepancy results because the put is less 
liquid and may generate more costs during the daily hedge period. Also, we used the historical 
volatility instead to approximately calculate the fair value of options. 

Similarly, the transaction cost in American option market is estimated to be USD0.5 for selling 
or buying a call or a put. The cost during the whole trading period of a mispriced call is 
estimated to be USD2.0, and that of a mispriced put is USD2.5. This discrepancy results because 
the put is less liquid and may generate more costs during the daily hedge period. In addition, 
we used the historical volatility instead to approximately calculate the fair value of options. 

A mispricing occurs if one of the following formulas is satisfied.  

𝐶 > 𝑆 ∗ 𝑒−𝑦𝑡 ∗ 𝑁(𝑑1) − 𝑋 ∗ 𝑒−𝑟𝑇 ∗ 𝑁(𝑑2) + 𝑡 

𝐶 < 𝑆 ∗ 𝑒−𝑦𝑡 ∗ 𝑁(𝑑1) − 𝑋 ∗ 𝑒−𝑟𝑇 ∗ 𝑁(𝑑2) − 𝑡 

𝑃 > 𝑋 ∗ 𝑒−𝑟𝑇 ∗ 𝑁(−𝑑2) − 𝑆 ∗ 𝑒−𝑦𝑡 ∗ 𝑁(−𝑑1) + 𝑡 

𝑃 < 𝑋 ∗ 𝑒−𝑟𝑇 ∗ 𝑁(−𝑑2) − 𝑆 ∗ 𝑒−𝑦𝑡 ∗ 𝑁(−𝑑1) − 𝑡 

4. Findings 

4.1. Boundary violation 

First, we do the boundary violation test for both two market. We can see the violation ratio 
difference is large in different market. For the lower bound, violation ratio of CFFEX data is 
much larger than the CBOE one. The average magnitude of violations of Chinese market is also 
larger. It means that arbitrageurs can get more profit in Chinese market.  

The violation ratio of call and put is also different. In both markets, violation ratio of lower 
bound of put option is lower than the one of call option. The specific data shows in the table 
below. It means that arbitrageurs can get more profit from call options than put options.  
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Shown on Table 5,we use 10 CNY and 0.5 USD here as transaction cost. By consider the 
transaction cost, the violation ratio decrease, and the magnitude of violations increase.  

The data of CFFEX is calculated in CNY, and the data of CBOE is counted in USD. Exchange rate 
should be considered when we do comparison. 

 

Table 5. The violation ratio and magnitude of violations: 
Option  Violation ratio of lower bound Mean of magnitude of violations 

Call 

CFFEX 14.57% 71.44 
CFFEX(transaction cost) 11.25% 81.13 

CBOE 1.49% 0.60 
CBOE(transaction cost) 0.05% 0.83 

Put 

CFFEX 4.08% 72.86 
CFFEX(transaction cost) 2.54% 81.40 

CBOE 0.03% 0.43 
CBOE(transaction cost) 0.00% 4.18 

 

Shown on Table 6: The violation ratio of upper bound is much lower than the violation ratio of 
lower bound. And different from the lower bound situation, the violation ratio of CFFEX data is 
lower than CBOE data, but the difference is not large. Similarly, the data of CFFEX is counted in 
CNY, and the data of CBOE is counted in USD. 

 

Table 6. The violation ratio and magnitude of violations: 
Option  Violation ratio of upper bound Mean of magnitude of violations 

Call 

CFFEX 0.14% 12.45 
CFFEX(transaction cost) 0.02% 16.87 

CBOE 0.20% 1.07 
CBOE(transaction cost) 0.06% 1.34 

Put 

CFFEX 0.08% 11.98 
CFFEX(transaction cost) 0.01% 15.56 

CBOE 0.26% 1.32 
CBOE(transaction cost) 0.11% 1.68 

 

4.2. Convexity violation and arbitrage 

We examine the options in those groups with consecutive strike prices and see whether their 
premiums follow the convexity condition. Table 7 shows the convexity violation ratio of CFFEX 
is higher the convexity violation ratio of CBOE, which means there is more arbitrage chance in 
Chinese option market. In addition, the average profit of Chinese option market is also higher.  

 

Table 7. Average profit: 
 Sample size Convexity violation size Violation ratio Average profit 

CFFEX 12308 4453 36.18% 86.43 
CBOE 699050 219074 31.33% 1.14 

 

Table 8. Average profit: 
 Sample size Convexity violation size Violation ratio Average profit 

CFFEX 12308 2023 16.44% 191.64 
CBOE 699050 53105 7.60% 2.94 

 

By considering the transaction cost, the violation ratio of both markets decreases, but the 
magnitude of violation increases. This suggests that there are some options that have been 
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mispriced quite badly. Here, we use 4*10=40 CNY and 4*0.5=2 USD as transaction cost shown 
on Table 8.  

By analyzing our research data, we can say that the convexity violation do exist and the 
arbitrage profit is considerable in Chinese option market. 

4.3. Put Call Parity 

The violation ratio is quite significant when we do the put call parity test. The violation ratio is 
96.24% in the Chinese option market, and 86.79 in the American option market shown on Table 
9. 

Table 9. Put Call Parity: 
 Sample size Violation size Violation ratio 

CFFEX 36922 35534 96.24% 
CBOE 1048575 910058 86.79% 

 

4.4. Black-Scholes Model 

We first calculate the theoretical value of options by using Black-Scholes Model.  

We use 40 CNY and 2 USD as the total transaction cost during the arbitrage, since several 
transactions is needed when people use Delta-Hedge Strategy.  

The options are categorized by moneyness, so we can see the difference of violation ratio in 
several range of S/X.  

In CFFEX data, when S/X<0.97, the violation ratio is higher. When S/X>1.03, the violation ratio 
is lower. The magnitude of violations of call option when 0.97<S/X<1.03 is especially large. High 
violation ratios and large magnitude of violations means a significant mispricing and create 
profitable arbitrage opportunities. However, the magnitude of violations of put option when 
0.97<S/X<1.03 is the lowest.  

 

Table 10. Call and Put on CFFEX: 
 CFFEX 

CALL 

Moneyness (S/X) Sample size Violation ratio Mean of magnitude of violations (CNY) 
(0,0.97) 97 72.26% 279.02 

[0.97,1.03] 127 60.00% 361.95 
(1.03, ∞) 36795 46.76% 103.14 

Total 36922 46.85% 104.15 

PUT 

(0,0.97) 11729 60.82% 118.44 
[0.97,1.03] 8062 50.19% 85.42 
(1.03, ∞) 17131 27.05% 108.06 

Total 36922 42.83% 106.96 

 

Table 11. Call and Put on COBE: 
 COBE 

CALL 

Moneyness (S/X) Sample size Violation ratio Mean of magnitude of violations (USD) 
(0,0.97) 434409 12.97% 3.21 

[0.97,1.03] 81688 19.14% 4.62 
(1.03, ∞) 532458 21.68% 1.36 

Total 1048555 17.87% 2.19 

PUT 

(0,0.97) 434409 39.10% 2.61 
[0.97,1.03] 81688 25.63% 5.01 
(1.03, ∞) 532458 16.22% 3.37 

Total 1048555 26.44% 3.03 
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In COBE data, for call options, the violation ratio is higher when S/X>1.03. However, for put 
options, the violation ratio is lower when S/X>1.03. The magnitude of violations of options 
which 0.97<S/X<1.03 is large, which means people can get more profit when they arbitrage the 
options that 0.97<S/X<1.03 successfully.  

Comparing the result in two markets, we can see that are is significant more arbitrage chances 
in Chinese market then American market, and the magnitude of violation in Chinese market is 
also higher in average. 

Table 10 and Table 11 shows that in Chinese market, the violation ratio of call option is higher. 
However, the result is inverse in American market.  

5. Conclusion 

This paper focuses on four major arbitrage opportunities, We have four main findings: first, the 
arbitrage opportunities in the Chinese market are significantly higher than that in CBOE, which 
is more profitable. Whether violation ratio, magnitude, or profit, CFFEX significantly exceed its 
free, it may be that the option is introduced in recent years China's financial varieties, the whole 
market is not mature, and free of the relatively long history, and the market is relatively mature, 
so arbitrage opportunities will be higher than it. Second, from violation ratio, put the call parity 
violation is the highest, but the arbitrage opportunities can be converted into real profit, 
depending on the transaction costs for traders and the true cost of borrowing, because the post 
only based on limited data contrast analysis, the detailed content still needs further research 
and analysis, has not yet been determined in this paper. Third, according to the boundary 
violation of data, the lower bound violation than upper bound, the call of the lower bound is 
high, than put with theory is that this is likely to have the relationship between the time value 
of the call for ever. But this kind of opportunity also depends on the cost and yield, if cost is too 
high yields are too low, generally no one is willing to do this arbitrage, this kind of violation can 
remain. Fourth, in violation of the BSM, violation of OTM options ratio is the highest, is mainly 
the BSM has constant volatility and the normal distribution assumption, and the tail of the real 
market risk is high, the OTM implied volatility than ATM part implied volatility is several times 
higher. Most violation of China's market is OTM call, and OTM put, the American market is the 
market of China and the United States might skewness is not the same. On the probability 
distribution of tail risk, volatility is higher up in China and higher down in the US. 
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