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Abstract: In real financial markets, the certainty equivalent rate is an important factor for investors to
consider. From the value of a specific company’s certainty equivalent rate, investors can judge if this
company is worth investing in. In this paper, we will explore how to obtain the value of the certainty
equivalent rate so that we can evaluate a given company. First, we will introduce the theoretical
support of this paper, which is put-call parity. From put-call parity, we will derive the mathematical
expression for the certainty equivalent rate. Second, we will use the mathematical expression for the
certainty equivalent rate to perform an empirical study. We will consider some extreme examples,
including some of the best- and worst-performing stocks up to this point in 2023. Based on these
stocks” data, we will visualize the performance of these stocks and explain the meaning of the data.
Finally, we will apply the results to a very popular industry—the electric vehicle industry—to explore
the current electric vehicle market situation in the U.S.A.
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1. Introduction

The certainty equivalent rate is a measure derived from the certainty equivalent, and
it is quite important in financial markets. Investors will refer to the value of a specific
company’s certainty equivalent rate to determine if this company is worth investing in. In
this paper, we will derive the value of the certainty equivalent rate by using put-call parity,
and then we will find the relationship between time and the maturity, the moneyness, and
the implied certainty equivalent rate calculated using the put-call parity by visualizing the
data we collected. Using the data visualization, we will explain the meaning of the data
and obtain a general conclusion.

2. Theoretical Support

The key theorem we will use is put-call parity. A detailed explanation of put-call
parity can be found in Hull (2022). Hull (2022) considers interest and dividends to be
paid in accordance with continuous compounding, but in a real financial market, interest
and dividends are more likely to be paid at specific points in time rather than every
second. Thus, we prefer to use the discrete-compounding version of put-call parity when
we consider problems in a real financial market. Hence, the following is the detailed
mathematical expression of put-call parity that we will use in this paper:
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where

t def The start date that we choose,

T 4 The maturity time, i.e., a given company’s option’s expiration date,

C(TCOMP any) - def o given company’s call option price with respect to the maturity time T,

P%Camp any) - def given company’s put option price with respect to the maturity time T,

K(Tcomp”"y) LN given company’s option strike price with respect to the maturity time T,

S Ecomp any) - def o given company’s stock price at the start time ¢,

q(Company) E=N given company’s dividend yield,

p(Company)  def o given company’s put-call parity certainty equivalent rate.

Based on 2.1, we can obtain the mathematical expression for y(Company).

1
C _ T—t
p(Company) _ K%‘ ompany)(l + q(Compuny))T '

2.2
SgCompany) + (P§Compuny) _ C%Company))(l 4 q(Company))T—t @2

In the following sections, we will mainly use 2.2 to explore the relationship between time
and the maturity T — t, the moneyness S; /K, and the implied company-specific put-call
parity certainty equivalent rate r(“o"Pany),

3. Empirical Research
3.1. Preparation

Before continuing our empirical research, we must do some preparation to figure out
how to obtain the values of the arguments in 2.2:

e We can find the values of the arguments t and Sgcommmy) in every stock’s “historical

data” section on Yahoo Finance.

e For the argument g(C°"P"¥)  we will consider the value of the “forward annual div-
idend yield”; the relevant data can be found in the “statistics” section on Yahoo
Finance.

*  We can find the arguments T and K(Tcomp ") on CBOE.

¢  For the arguments C(Tcompany) and Pécompany), although we cannot obtain the values

of these arguments directly from CBOE, we can obtain the “bid” and “ask” of every
option. Here, we can calculate the mid-price of the bid and ask, and we consider it to
be the corresponding call option price and put option price.

Since we want to explore the best- and worst-performing stocks up to this point in

2023, without loss of generality, we can consider the start date ¢ as January 3, 2023, which is

the first date that the financial market was open in 2023. Thus, Sgcomp any) represents the

stock price of a given company on January 3, 2023.

3.2. Data Visualization and Explanation

Based on financial news from Forbes (2023), CNBC (2023), Investopedia (2023), and
BENZINGA (2023), we can select three of the best-performing stocks, which come from
Apple, Nvidia, and Meta, respectively. On the other hand, the three worst-performing
stocks that we select are from First Republic Bank, Signature Bank, and Charles Schwab,
respectively. Next, we will create graphs that describe the relationship between time and the
maturity T — ¢, the moneyness S;/K, and the implied put-call parity certainty equivalent
rate v for the companies we selected, and we will explain some key values from these
graphs.
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Figure 1. Implied put-call parity certainty equivalent surface (best-performing companies)

Apple Nvidia Meta

Figure 2. Implied put-call parity certainty equivalent surface (worst-performing companies)

First Republic Bank Signature Bank Charles Schwab

Table 1. Implied put-call parity certainty equivalent rate (best- and worst-performing companies)

Company Maximum value Minimum value Mean value
Apple 0.8644 0.1181 0.4437
Nvidia 4.0908 0.3308 1.8897

Meta 2.6418 0.2238 1.2135

First Republic Bank -0.8600 -0.9998 -0.9731
Signature Bank -0.0166 -0.4008 -0.1601
Charles Schwab -0.0481 -0.4523 -0.2625

From Table 1, it is clear that the best-performing companies have strictly positive im-
plied put-call parity certainty equivalent rates, regardless of the maximum value, minimum
value, or mean value. On the other hand, the worst-performing companies have strictly
negative implied put-call parity certainty equivalent rates.

A positive rate means that investors have a high probability of obtaining a return if
they invest in the company’s stock, while a negative rate means that investors may lose
their money if they try to invest in the company’s stock. By combining the data and the
financial news, we find that the implied put-call parity certainty equivalent rate is quite
useful; it can help investors determine which company’s stock option is worth investing in.

Now;, let us consider the shape of the graph. For the best-performing companies, we
can observe that when the time to maturity T — t is small, the corresponding rate is high,
which means that in the near future, the return of the stock option is quite high, so that
investors may make money by investing in the option. Of course, they may have to take on
some amount of risk. In this case, we are suggesting that the investor consider Apple first,
then Meta, and finally Nvidia. A high rate represents a high risk, and normal investors
definitely do not want to take on a high risk when they decide to invest in something.

As time goes by, i.e., as the value of the time to maturity T — t becomes larger, the
implied put-call parity certainty equivalent rate will become smaller because it is reasonable
to consider the long-term rate as the riskless rate of the financial market. Additionally, it
is clear that the riskless rate of the financial market should be lower than the near-future
implied put-call parity certainty equivalent rates of the best-performing companies.

Finally, let us consider the worst-performing companies. We can see that the values of
the certainty equivalent rates of these companies are negative, which means that investors
have a high risk of losing money if they decide to invest in these companies’ stock options.
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4. Application: Electric Vehicle Industry

Today, more and more people are paying attention to environmental issues. To reduce
the pollution released by vehicles, people are considering driving electric vehicles instead
of traditional oil-powered vehicles. In the U.S.A., there are several well-known companies
that make electric vehicles, such as Tesla, General Motors, and Ford Motor Company. We
can apply the results we obtained in the previous section to these electric vehicle companies.
The following figure visualizes the data of these companies, and the key values derived
from the graphs are given in the following table.

Figure 3. Implied put-call parity certainty equivalent surface (electric vehicle companies in the
US.A)

Tesla General Motors Ford Motor Company

Table 2. Implied put-call parity certainty equivalent rate (electric vehicle companies)

Company Maximum value Minimum value Mean value
Tesla 2.1970 0.1994 1.0320
General Motors 0.0927 0.0395 0.0708
Ford Motor Company 0.4549 0.0615 0.2626

Based on the shapes of the graphs shown in Figure 3, we can see that these three
companies are all doing well. In the near future, we recommend that investors invest
in these companies’ stock options. According to the data from Table 2, we can see that
if we plot the three surfaces on the same coordinate axis, the relative positions of these
three surfaces from top to bottom are Tesla, Ford Motor Company, and General Motors,
respectively. Based on the positional relationships, we can see that investors should prefer
to invest in General Motors, then Ford Motor Company, and finally Tesla.

5. Summary

In this paper, we have used put-call parity to derive the implied put-call parity
certainty equivalent rate. We have also considered the meaning of positive rates and
negative rates. Then, we utilized the idea of the implied volatility surface to construct
the implied put-call parity certainty equivalent rate. From the relative positions of these
surfaces, we can determine which stock option we should consider investing in first.

However, the certainty equivalent rate is only one factor that should be considered
in investing. It is obvious that investors cannot just consider this factor. When deciding
to invest in a product, investors should also consider other factors so that they can make
optimal decisions.
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