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Abstract 

The options market for common stock is not always liquid; therefore, there might some 
profit opportunities exist. This project is examine whether there are any arbitrage in 
real world. Using 1048576 data collected from 2017 to 2019 in CBOE Option Market, I 
check if there are any profit opportunities and the magnitude of those profits from upper 
bound, lower bound, strict lower bound, exercise price, time to maturity, convexity 
conditions and put-call parity conditions. By document opportunity profits, based on the 
model of Black-Scholes Option Pricing, I find that this arbitrage does exist in the real 
world options market. 
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1. Introduction and Background 

In this section, I demonstrate the general background for our research, including an 
introduction of financial derivatives, relevant information about CBOE options market, 
terminology and definition, and a brief description of our research findings. 

1.1. Financial derivatives and History 

Derivatives, including options, swaps, futures, forwards, etc., play a significant role in financial 
markets globally. Among those, options take an important position in a sense of both managing 
risks and targeting a high return in derivatives markets worldwide. In the U.S., the history of 
options could be traced back to a long time ago, concept of options was first introduced 
sometime in the early 19 century, however, The Chicago Board Options Exchange (CBOE) has a 
long history, being the first options exchange established in the United States, over 100 years 
after the creation of the first option, offering listed and standardized options. Currently, the 
Chicago Board Options Exchange is the third largest stock exchange in the United States. 

1.2. Terms and definitions 

The options part can be divided into two types: call options and put options. Those who hold 
long positions with call options are the owners of this part, which indicates that they can hold 
certain rights but do not have mandatory purchase obligations, payoff = max (ST – X, 0); If the 
call option position is completely monopolized, then they become sellers, obligating them to 
sell to the owner if necessary. payoff = min (ST – X, 0); Similarly, in the put option part, the 
holder of a long position can also enjoy certain rights, but there is no obligation to sell the asset. 
payoff = max (X – ST, 0); In terms of obligations, it also has the same stipulations as the seller of 
the call option, that is, when selling the short position of the put option, it turns into the seller, 
and when the owner requires to exercise the term right, it needs to buy the owner's 
assets.payoff = min (X – ST, 0).  

Options have their money. Some terminology used might be:  
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At-the-money: This concept is closely related to the strike price and the call and put options. It 
is mainly transformed around whether the strike price is equal to the asset price. For example, 
if the two are true, the call option is the par option. 

In-the-money: The difference between the strike price and the asset price determines which is 
the median price of a call option or a put option. If the former is lower, the call option is the 
median price, while the put option is the median price. 

Out-of-the-money: If the strike price is higher than the asset price, the out-of-the-money option 
is a call option, otherwise, the out-of-the-money option is a put option. 

1.3. Data Description 

I examine a sample of 10,000 historical data of options in CBOE, with the risk-free rate assumed 
to be 0.5% 

1.4. Our Research 

In our research, I examine boundary violation, convexity violation, and put-call parity violation 
and apply Black-Scholes Model to see if there is any mispricing, exploit arbitrage opportunities 
through different trading strategies and count the frequency and magnitude of occurrence of 
violations as well as calculating profit or loss from those strategies. 

2. Methodology 

In this section, I introduce in more detailed ways of different methods of testing for violations, 
including their principles, underlying assumptions, and potential limitations. These are some 
notations I am going to use: 

 
Figure 1. Shows some notations I am going to use 

 

2.1. Option Upper and Lower Bounds and Convexity Conditions 

2.1.1. Convexity Condition 

Being convex-shaped, succeeding increase of equal amount in exercise prices result in less and 
less change in call prices.  

2.1.2. Bounds for Options 

In the United States and some Western countries, the holder of a call option can buy a stock at 
a certain price, and according to relevant regulations, the price of the option must be lower than 
the stock price, so the upper limit of the option price is the stock price. 

c ≤ S0 and C ≤ S0                                                                       (1) 
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If this relationship cannot be achieved, there is a certain opportunity for arbitrage by those who 
want the difference between the stock and the call option. 

An American or European put option gives the holder the right to sell one share of stock for the 
exercise price. No matter how low the stock price becomes, the option can never be worth more 
than X. Hence: 

p ≤ X and P ≤ X                                                                       (2) 

According to the European option rules, the value of an option that has expired cannot be higher 
than X, and its value, when translated, cannot be higher than today's X, because such an option 
cannot be used at an early stage. So: 

p ≤ Xe-rT
 and P ≤ Xe-rT                                                                 (3) 

The lower bound for the price of a European call option on a non-dividend-paying    stock is:  

c  max(S0-Xe-rT,0)                                                                   (4) 

The lower bound for the price of a European put option on a non-dividend-paying stock is: 

p  max (Xe-rT-S0,0)                                                                  (5) 

The table below presents factors which can affect options prices 

 

Table 1. Factors that are able to affect options prices 
Increase in: Effect on Call Value Effect on Put Value 

Stock Price (S) ↑ ↓ 
Strike Price (X) ↓ ↑ 

Time to Expiry (T) ↑ ↑ 
Risk-free Rate (r) ↑ ↓ 

Volatility (σ) ↑ ↑ 

 

2.2. Put-Call Parity  

Basically, having a call and a put with the same maturity and exercise price: 

𝑐 + 𝑋𝑒−𝑟𝑇 = 𝑝 +  𝑆0                                                                 (6) 

In order to better explain this formula, two portfolios are introduced, one of which contains 
European stock call options and PV, and the other includes European stock put options and PV 
of the same value. 

In general, the United States would advance the exercise period based on its support for non-
dividend stocks, but certain options should not have this right for several reasons: 

(i) In order to avoid loss of profit, the operation should not be carried out earlyIn order to avoid 
loss of profit, the operation should not be carried out early. 

(ii) Payment of the exercise price may be deferred. 

(iii) With call options, the stock price can be controlled to a certain extent. 

3. Literature Review 

According to the research [1], there are some additional factors which are included in option 
returns, such as systematic stochastic volatility. The authors examine expected returns on 
options using various mainstream asset pricing theories. In an ideal world, the return on a call 
option is high relative to the underlying asset and will continue to rise in certain circumstances, 
expected returns on put options are lower than the risk-free rate and increase with an exercise 
price. These characteristics are always exhibited in S&P index option returns. We take the 
assumption to a higher degree that ideally the yield will change linearly with the option's beta, 
but even then the cross will still lose money. The authors strongly argue that factors other than 
system risk is significant for pricing the risk attached to an option. There is a close relationship 
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between the yield of zero-grade bonds and the market volatility. According to relevant 
investigations, the degree of systematic random volatility has an important impact on the asset 
pricing process. In addition, this article takes the view that the nature of option returns should 
not be interpreted solely in terms of crash risk. 

Amin, Coval, and Seyhun (2004) [2]set up tests to examine the forecasting of standard option 
pricing models, generally, the overall price movement of the stock market has no effect on the 
price of options. Looking at the S&P 100 index options data from 1983 to 1995, it can be found 
that, compared with the OEX put options, the call options have a significant overexpectation at 
the price of the standard stock. In the case of a large decline in the standard stock price, there 
will also be a relatively obvious valuation effect, and according to the survey data, the stock 
returns will affect the change of the index option price, so we introduce the model of 
BlackScholes, there are some discrepancies between theoretical and actual prices of options. 
To clarify these discrepancies between theoretical value and fair value in the real market, they 
test the violations of lower and upper bounds of American options and regress those bounds’ 
values on data ranging from 10- to 100- day past stock returns. Because of the high volatility of 
the stock market, the moneyness of options and time to maturity is controlled when regressing. 
The conclusion is that when historical data shows a positive return on a stock, there would be 
pressure to lift up call options prices, when historical data shows a negative return on a stock, 
there is pressure to lift up put options prices. Also, they have found that historical stock returns 
significantly affect the accuracy of previous option pricing models, which might ultimately lead 
to volatility smiles. Besides, the authors argue that factors affecting historical stock returns 
should be taken into consideration as well when pricing options. This is an unprecedented and 
essential contribution, as it empirically demonstrates the impact of historical stock market 
momentum on options prices. 

After studying the cross-section of stock option returns, Goyal, Amit & Saretto, Alessio (2007) 
find an economically important source of mispricing in the options implied volatilities. After 
analyzing the historical realized volatility and other data, the stock classification work is carried 
out, and then the portfolio design of different types of options is carried out by using the 
straddling method. Here, the author proposes an idea to try to grasp the long position and make 
use of the difference between historical event volatility and implied volatility, results in 
significant average monthly returns, both economically and statistically. [3] The results hold 
true regardless of market conditions, amount of risk attached to the stock, industry groupings, 
or liquidity of options. Besides, linear factor models do not explain the results. Being different 
from previous studies which were done by Poon, Ser Huang, and C. W. J. Granger (2003) [4] and 
Andersen, et al. (2006) [5], they focus on measuring and predicting the realized volatility. Goyal 
and Saretto (2007) argue that You can profit from knowing the difference between historically 
realized volatility and implied volatility. Fama, Eugene F. [6] (1997) held the view that volatility 
strategies (Ball and Brown (1968) and momentum strategies (Jegadeesh and Titman (1993)) 
are likely to have a significant impact on market efficiency after earnings announcements. 

According to relevant data, there is an obvious correlation between Delta hedge option return 
and the underlying stock, that is, when the idiosyncical volatility of the underlying stock 
increases, it will show a monotonous downward trend. [7]Single use of risk factors can not fully 
explain this conclusion, because it is very different from the usual stock market anomalies and 
other phenomena. It contains the important factors such as the market defect. Due to higher 
arbitrage costs, dealers ask for higher premiums for options on stocks with higher idiosyncratic 
risk. Constraining arbitrage behavior by certain means can affect the negative correlation 
between the returns of delta hedging options and idiosyncentricity volatility, and theoretically 
can reduce its intensity by about 40%. The authors used each single U.S. stock and stock option 
to empirically illustrate that delta-hedging stock option returns are inversely related to the 
idiosyncratic volatility of each individual stock. The total volatility can be decomposed into the 
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systematic part and idiosyncratic part. ( 𝑉𝑂𝐿2 = 𝑆𝑦𝑠𝑉𝑂𝐿2 + 𝐼𝑉𝑂𝐿2) . The authors do Fama-
MacBeth regression while controlling factors like volatility risk and jump risk. Based on 
historical related research on the relationship between the cross-section of options returns and 
idiosyncratic risk. Ang, Andrew et al (2006) [8] initiated a hot discussion by pointing out that 
the stocks with higher idiosyncratic risk compared to the Fama and French (1993) [9] models 
have lower returns, on average. Since then, there have been four different arguments around 
this subject. First, Guo, Hui , and R. Savickas . (2010) [10], Chen, Zhanhui , and R. Petkovaz (2012) 
[11] support the position of Ang, Andrew et al. (2006). Second, West, Tinic Richard R. (1986) 
[12], and Fu (2009) [13] believe that there is a positive correlation between the cross-section 
of option returns idiosyncratic risk of the underlying asset. Third, (Fama & MacBeth, 2009) 
Fama, Eugene F. , and J. D. Macbeth . (1973) [14], Bali, Turan G., and N. Cakici (2008) [15], and 
Li, etc. (2014) [16] argue that there is no significant correlation between them. Fourth, there is 
a positive correlation between IVOL returns and underpriced stocks, but there is a negative 
correlation between IVOL returns and overpriced stocks (Stambaugh et al., 2015 [17]). 
Nowadays, volatility is still remaining as a mystery for academic researchers. The new finding 
that this paper focuses on is to assume a special scenario, different from the traditional 
conditions, in which the full market conditions are used as the background for pricing options, 
and there is no possibility of arbitrage.Any risk factors in the common stock market have been 
ruled out in their tests. If conventional risks such as system risk are only used to explain, the 
conclusion may not be comprehensive enough, but it only explains the special phenomenon 
under some circumstances. 

Cao, Jie, et al. (2018) [18] suggest that there is a robust negative correlation between volatility-
of-volatility (VOV) and future delta-hedged option returns. Their research results indicate that 
writers of the option are likely to ask for more premiums for equity options since it is difficult 
to predict as well as hedging the volatility on equity. Daily volatility has been measured in three 
ways: implied volatility from the volatility surface, EGARCH volatility estimated from daily 
stock returns, and intraday volatility calculated from five-minute high-frequency returns. Then, 
the authors calculate volatility-of-volatility for every month based on 3 estimates: EGARCH–
VOV, IMPLIED–VOV and INTADAY–VOV. The cross-sectional correlations of these 3 measures 
are relatively low, indicating that each of them carries information on VOV from various 
perspectives. VOV has a significant negative effect on different control variables, such as 
liquidity measures, volatility-related mispricing measures, and jump risk measures. The results 
are not able to be explained by other firm-level uncertainties and characteristics of stocks that 
are documented to forecast option returns. There are some tradable option portfolio strategies 
based on writing delta-neutral calls as well as three measures of VOV. Controlling the common 
risk factors in stock market and volatility risk factors. The strategies give, on average, positive 
returns of similar magnitudes. 

 
Figure 2. The arbitrage opportunity in lower bounds on put prices from CBOE Options Market 
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Figure 3. The arbitrage opportunity in lower bounds on the call prices from CBOE Options 

Market 

4. Findings 

All of the following findings are based on the data from CBOE Option Market. According to the 
diagram by researching the data, I document if there are any arbitrage exist in the real world 
option market. By utilizing the equation 4 and 5, I state profits for lower bounds on put and call 
prices showing in the following two figures.  

For Figure 5, there are over 0.0627% arbitrage opportunities existing in the market, and for 
Figure 6, there are over 0.0437% arbitrage opportunities existing in option market, showing in 
the Figure 5 and Figure 6. This shows a high risk rate for arbitrage: 99.9373% and 99.9563%. 
The profits among those are $58.532, and $145.6. The average magnitude of the profits in lower 
bounds on call prices is $0.0889, and for lower bounds on put bounds, the average profits are 
$0.317. Hence, both the arbitrage opportunities and profits are relatively small for lower 
bounds. There are less likely meet the profit in lower bounds. 

 
Figure 4. The proportion of arbitrag opportunity in lower bounds on put prices 

 

 
Figure 5. The proportion of arbitrage opportunity in lower bounds on call prices 
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Data showing in the Figure 7 and 8 states the arbitrage opportunity in upper bounds on call 
prices and put prices from CBOE Options Market.  Using the equation 1 and 2, I count the profits 
in upper bounds on call and put prices in the following. Separately, there are 3046 arbitrage 
choices on call price, 2361 arbitrage choices on put prices.  

 
Figure 6. The arbitrage opportunity in upper bounds on call prices from CBOE Options Market 

 
Figure 7. The arbitrage opportunity in upper bounds on put prices from CBOE Options Market 

 

In percentage shows in Figure 9 and 10, it is over 0.29% arbitrages and 0.22% arbitrages in 
CBOE. The risk rate is still maintain a high value: 99.71% and 99.78%. The profits are separately 
$3301.47 and $3615.46, and for the average magnitude of profits, they are $1.083 and $1.5. 
Comparatively, the opportunities appear 479% more than the lower bounds, and the profits 
are even 3388% more than the lower bounds.  

 
Figure 8. The proportion of arbitrage opportunity in upper bounds on call prices 



Volume 2 Issue 4, 2021 

DOI: 10.6981/FEM.202104_2(4).0031 

215 

Frontiers in Economics and Management 

ISSN: 2692-7608 

 
Figure 9. The proportion of arbitrage opportunity in upper bounds on put price 

 

By using the equation 6, I count the arbitrage of put-call parity in CBOE Option Market. Data 
shows in Figure 11 illustrates profits choices ignoring the range between -1 to 1. 

 
Figure 10. The arbitrage opportunity in put-call parity from CBOE Option Market 

 

In put-call parity, 374145 options are arbitrage options. More specifically, 35.68% of options 
are arbitrage options, meaning the risk rate in put-call parity is merely 74.32% in the market.  

 
Figure 11. Arbitrage proportion in put-call parity in CBOE Option Market 

674431 374145

arbitrage proportion in put-call parity

other options opportunity options
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5. Conclusion 

The aim of the present research was to examine if there are any profits among the CBOE Option 
Market. By utilizing above methods, I discovered arbitrages are still existing in the CBOE option 
markets. The research suggests the system of CBOE Option Market is not perfect, and people 
can earn this profits from the flaw. The current research results involve a narrow sample range 
and a small sample size, but it has been concluded that arbitrage phenomenon is widespread in 
many modern options markets. This conclusion still needs to be verified through subsequent 
investigations to continuously pinpoint the extent and scope of its existence. 
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