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Abstract: This research paper focuses on providing a comprehensive understanding and
introduction to the VIX index. The history of the VIX index, its applications, and related
products are systematically analyzed. It also derives the formula for the VIX Index (the
volatility index introduced by the CBOE) using the standard deviation formula. A detailed
explanation includes example data using Excel to calculate the VIX index for a particular day,
an analysis of the error scenarios generated, and ways to improve it. Studying the VIX index
helps us better understand today's financial investment situation and analyze investments in
a case with VIX index criteria.
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1. Introduction

The VIX is a widely used volatility index introduced by the Chicago Board Options Exchange, CBOE,
in 1993. It is also known as the "Fear Index" or the "Fear Gauge [1]” since it reflects people’s anxiety
over the market. The value of the VIX index tends to rise when there is increased uncertainty in the
market. The VIX is calculated based on the prices of call and put option contracts of the SPX, which
is the S&P 500 index, by aggregating the weighted average of those SPX option prices over a wide
range of strike prices. It generates an expected volatility of the S&P 500 over the next 30 days.

© 2023 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).
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Figure 1: The Cboe volatility index®(VIX® index) from 2023 [2].

2.  Methods
2.1. History of the VIX Index

The VIX has a history of almost 50 years. From its emergence to today, the VIX has become very
common in the financial world. More and more people have become familiar with the VIX, which
can be found everywhere in today's financial markets. Looking back at the history of the VIX, the
Sigma index was first introduced in 1987 in an academic paper published by Brenner and Galai in
the Financial Analysts Journal in July and August 1989. This is where the VIX was first noticed.
Among others, Brenner and Galai wrote that "Our volatility index, to be named Sigma Index, would
be updated frequently and used as the underlying asset for futures and options ... A volatility index
would play the same role as the market index plays for options and futures on the index [3]". In 1992
after continuous research by Brenner and Galai, the American Stock Exchange announced a
feasibility study of a volatility index and proposed the index as the "Sigma Index"[4]. Since then,
research on the VIX has been on track. On March 19, 1993, the Chicago Board Options Exchange
held a press conference to announce the launch of a real-time report on the CBOE Market Volatility
Index, or VIX. The formula for determining the VIX is tailored to the CBOE S&P 100 Index (OEX)
option price and was developed by Professor Robert E. Whaley [5]. The index measures implied
volatility using a 30-day S&P 100 at-the-money [6]. 2003 - The CBOE introduces a new methodology
for the VIX. Working with Goldman Sachs, the CBOE further develops the calculation and changes
the underlying index for the CBOE S&P 100 Index (OEX) to the CBOE S&P 500 Index (SPX). This
is now the algorithm for the VIX, a commonplace indicator of volatility expectations based on S&P
500 Index options. At this point, the algorithm update of the VIX index is complete. People began to
trade a series of investments based on the VIX index. On March 26, 2004, VIX Index futures began
selling for the first time on the Chicago Board Options Exchange (CFE) [7].

2.2. Key Moments of the VIX Index

The VIX index has also been used to assess the risk profile of financial markets after the final
algorithm has been completed. Since it is an index, it is calculated based on the S&P 500 index. Since
many social factors influence the S&P 500, the VIX will change whenever a turbulent event in history,
especially a financial possibility.
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Since 1993 the Chicago Board Options Exchange (CBOE) has introduced the VIX index as a
measure of the expected volatility of the S&P 100 index. The VIX has been used to analyze financial
markets. The following examples are good examples of how the VIX index changes after significant
events. 27 October 1997: The VIX rose to its highest level in three years (above 35) due to the Asian
financial crisis [8]. In 2002, a series of financial scandals, starting with Enron [9], pushed the VIX to
58 between July and November. 2008, when the subprime mortgage crisis erupted [10], the VIX
reached 79 in October. 24 August 2015: The VIX rose sharply on the unexpected devaluation of the
Chinese yuan [11]. 2018 Amid the financial meltdown [12], the VIX reached 50.30 points on
February 6. 2020 February-March: the VIX spiked to a record high of 82.69 in response to the
COVID-19 pandemic and its impact on global markets.

It is easy to see from these historical events that the VIX is subject to a variety of events, especially
when there are financial events with global repercussions, and the VIX can change dramatically. At
the same time, when the global economy is growing steadily, the VIX will remain at a relatively
stable and small value. For example, the VIX index in May 2023 is around 18. On the other hand, if
some global events occur, the VIX index will rise sharply, which means that the financial markets are
unstable at that time, which is not conducive to the smooth development of the economy and
investment.

3. Results and Discussion
3.1. Interpreting VIX Value

When VIX is high, it indicates that the market is expected to have greater volatility. When VIX is
low, investors expect a more stable call. Hence, the VIX index and the SPX go in opposite directions.
When the SPX value is high, the value of VIX is low, resulting in a stable market. Vice versa, when
the SPX is low, the VIX tends to be increased due to high market turmoil [13]. The way of reading
the VIX index depends on personal preference. However, the values of the VIX index can generally
be divided into three categories. The First category is from 0 to 20, which indicates that the recent
market is relatively stress-free and with little uncertainty. Under this range of values, investors do not
need to worry about the risks that might be brought by market fluctuations when making decisions.
The second category is from 20 to 30, which is a state where investors start to analyze the increasing
uncertainty of the market. Making investment decisions becomes harder since many things need to
be considered, such as whether this change in the value of VIX will be a short-term increase or a
long-term effect or how much impact it will have if it keeps rising. When the value of the VIX index
is above 30, the risks have increased to a certain level, and the market is experiencing a significant
hit during this period. In total, the rise of the VIX value may be caused by various factors, such as
changes in monetary policy, economic uncertainty, or political tensions.

3.2. Useof VIX

Therefore, The VIX index is often used for trading and hedging volatility [1]. For example, a trader
might buy options to reduce losses when there is an expected increase in volatility, which means a
high VIX value. Conversely, a trader might sell opportunities to gain income when the market is
stable, shown by a low VIX value. The VIX index can also be viewed as an inverse indicator for some
investors. When the VIX is high, some investors see it as a sign demonstrating an oversold market
situation, so it may be an excellent time to buy.

Conversely, when the VIX is low, some investors see it as a sign of an overbought market, so it
may be an excellent time to sell. The ways of interpreting the VIX index and reacting may vary
depending on personal preference and experience, but overall, it is a frequently used indicator when
making decisions. Moreover, the VIX index can also be used by economists and financial analysts to
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predict the market's future performance. Since it implies the level of stableness of the market, a
bearish market is more likely to appear when there is a high VIX, while a low VIX value indicates a
bullish market.

3.3. Trade and Products

The VIX index allows investors to gain advantages from the market changes expected by trading
relative products. Since the VIX index is not tradable, it is sold through futures and options contracts
or exchange-traded funds (ETFs) and exchange-traded notes (ETNs). Many of these products are
highly liquid but also risky [13]. Examples of the products for trading relative to VIX are the iPath
Series B S&P 500 VIX Short-Term Futures ETN (VXX), The iPath Series B S&P 500 VIX Mid-
Term Futures ETN (VXZ), The ProShares Short VIX Short-Term Futures ETF (SVXY), and The
ProShares VIX Mid-Term Futures ETF (VIXM) [14]. The VXX and the VXZ are ETNs issued by
Barclays Capital. VXX has the characteristic of holding a long position in the first two months of
daily rolling VIX futures contracts. VXZ is very similarly constructed to VXX but with longer-dated
VIX future contracts. However, Contango, a common potential problem for future contracts where
the future price is higher than the current price, also may occur here. Since there is an insurance
premium for more extended warranties, VXX and VXZ commonly result in a lower return for long-
term holders, making it more robust in the short term. The SVXY provides investors with daily
inverse exposure to the VIX future contracts and benefits investors from the price difference resulting
from the decline in prices within the day. The profits from SVXY usually occur in a stable or bullish
market. Hence, there may be risks for long-term SVXY holders since they will see a significant loss
when the market volatility increases suddenly. VIXM is provided for investors to hedge long-term
market volatility rather than short-term volatility with which the VIX is primarily associated. This
property of VIXM makes it valuable and effective for reducing the impact of Contango. Unlike the
previous three examples suitable for short-term futures holders seeking profit from short-term market
volatility, VIXM is ideal for investors with a low-risk tolerance or a long-term investment horizon

[1].
4. Derivation of the VIX Index Formula

By using the Normal Standard deviation formula.

As we approach the VIX index by decomposition the general formula and then using the Normal
Standard deviation formula to find the Standard deviation; as VIX is an index that shows the Volatility
of the market thus, we suppose there is a relationship between the normal standard deviation and the

VIX general formula. First, we get% from the general formula [15].
2 «n AK; 1[F 2 4 AK; F 2
ot =iurerm o) — -] =tz E¥emowa - [}

(i=123..n)

Then we take the F (the forward index level derived from index option prices) to the function,
which the F is calculated by: F = Strike price + eRT x (Call price — Put price)

2

_ 1 nlKi RT Strike price+eRT><(Call price—Put price)

=222 ze™ QK — pa -1 (2)
L

(i=123..n)
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Then we use the perfect square pattern to decompose the

2
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we use the perfect square pattern again for
(Strike price+eRT x(Call price—Put price))2 (4)
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Finally, we get the following formula
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As we know, the standard deviation which is used to find the standard deviation of the multiple
linear regression model is:

N 2
0_2 — Zi=1ei (10)

n

As the T is time to expiration and VIX is calculated by the different days, thus T is the number of
days we used. And e} is the difference between the real and expected values or estimated values.

Thus, we can see above 2eRTQ(K;) Zn% (i =1,2,3...n) is the real value we can get from the
i g2 g

website, and

(Sterile price —Ky)?  [eRT(Call price—Put price)(2Strike pricexKo—eRT (Call price—Put price)+2Ky)]
K? - K2
0 0

(1)

is the estimated value or expected value. thus, we use the standard deviation approach to find the
generalized formula used in the VIX Index calculation

5. Example for VIX Index Calculation on April 4th

Stock indices, such as the S&P 500, are market value-weighted indices of 500 major publicly traded
companies in the United States. It is calculated using the prices of its constituent stocks. To determine
the weight of each constituent stock in the S&P 500, the market capitalization of each company in
the index is first added up, thus adding up the index's total market capitalization. Each of these indices
uses rules to govern the selection of constituent securities and the formula for calculating the index
value [1].

The VIX index is a volatility index. It differs from a stock index in that it is composed of options.
And the price of each option reflects the financial market's expectations of future volatility. It's like
financial markets weighing together all types of uncertainties to determine a forecast of future trends
ultimately. It is more like digitizing the future of the financial markets with visual data to reflect
whether the market is stable and worth investing in the future economy. Like traditional indices, the
VIX Index is calculated using the rules for selecting component options and the formula for
calculating the index value. Below is an example of how the VIX index is calculated.

The formula for the VIX index [15] is

o2 = ;Zn&em Q(K)) _%[Kio - 1]2 (i=123..n) (12)

lKiZ

Note:

o: VIX index/100=c (Near-Month Volatility)

T: Time to expiration

R: Risk-free interest rate

S: the strike price at which the call option price differs the least from the put option price
F: S (Strike Price) + e"(RT) x (Call Price - Put Price)

Kj: the strike price that is less than F and closest to F
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K;: all strike prices from out-of-the-money option; (i=1,2,3 ....n). Call for K; > K, and Put for K;< K, Put, and Call for K;=K.
K=Kl

AK;: Interval between strike prices. Usually, use half of the difference between either side of K;. AK; 2

Q(K;): The midpoint of the bid-ask spread for each option with strike K;.

The VIX Index measures the 30-day expected volatility of the S&P 500 Index, and the components
of the VIX Index are calls and puts with expiration dates more significant than 23 days and less than
37 days. We can refer to them as "next-term" and "next-term." The next term is smaller than the next
term.

In the following example, we will calculate the VIX index for April 15. To do this, we need two
sets of data, one for the S&P 500 trike of May 12 (near-term) and the other for May 19 (next term).
Both sets of data are available on the yahoo finance website.

First, The VIX index is calculated by measuring the time to expiration, T, in full days and dividing
each day into minutes, which allows for more precision in professional options and volatility, thus
making the data obtained more accurate. The following expression gives the time to expiration:

T — {MCurrent day+MSettlement day+MOther day} ( 1 3)

minutes in ayear

Mcyrrent day: HOW many minutes are left until midnight that day
Msettiement day: minutes from midnight until 9:30 a.m. ET for “standard” SPX expirations
Mother days: total minutes in the days between the current day and the expiration day

In the above example, we have two sets of data, one is the near-term, and the other is the next-
term. So, we need to compute two T-values.

T1= (846+510+40320)/525600=0.07929223744

T2= (846+900+48960)/525600=0.09647260273

Next, we need to calculate F. We will follow the formula of F to calculate the F value for both
terms. Procedure F is shown below.

F = Strike price + eRT x (Cell price — Put price) (14)

To find the strike price, we first need to compare the midpoint of the bid and ask which is smaller
in the case of the same strike price of call and put. We have chosen 4135 as our strike price. This is
for the near-term strike price and the same as the following-term price.

Near-term

Table 1: Prices of the near-term call options and mid-points of their bid and ask prices.

Call Bid Ask Mid-point
4120.00 82.28 89.8 86.04
4125.00 79.38 86.5 82.94
4130.00 72.4 83.2 77.8
4135.00 77.4 80.1 78.75
4140.00 74.5 76.9 75.7
4145.00 67.02 73.8 70.41
4150.55 67.77 71.3 69.54
4155.00 57.14 68.4 62.77
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Table 2: Prices of the near-term put options and mid-points of their bid and ask prices.

Put Bid Ask Mid-point
4120.00 56.2 52.4 543
4125.00 58 54.1 56.05
4130.00 59.35 55.8 57.58
4135.00 61.05 57.6 59.33
4140.00 63.53 59.4 61.47
4145.00 65.3 61.2 63.25
4150.55 67.58 63.3 65.44
4155.00 70.01 65.3 67.66

Next-term

Table 3: Prices of the next-term call options and mid-points of their bid and ask prices.

Call Bid Ask Mid-point
4120.00 99.0 101.6 100.30
4125.00 94.4 98.0 96.20
4130.00 92.5 95.0 93.75
4135.00 88.0 91.5 89.75
4140.00 86.4 88.0 87.20
4145.00 81.8 85.2 83.50
4150.55 80.3 81.8 81.05
4155.00 75.8 79.1 77.45

Table 4: Prices of the next-term put options and mid-points of their bid and ask prices.

Put Bid Ask Mid-point
4120.00 59.0 60.3 59.65
4125.00 60.7 62.0 61.35
4130.00 63.2 64.5 63.85
4135.00 64.1 65.4 64.75
4140.00 66.7 67.7 67.20
4145.00 67.8 69.1 68.45
4150.55 70.5 71.5 71.00
4155.00 71.7 73.0 72.35

Then, we need to find the (call price - put price), the equal difference between the call midpoint
and the put midpoint. The methods are the same for both the near and following terms.

Table 5: Difference between call and put mid-points for near-term and next-term.

Option Price Call-Mid Put-Mid Difference
Near-term 4135 78.75 59.33 19.43
Next-term 4135 89.75 64.75 25.0

After we find the strike price and (call price-put price), put all data in the F formula to get the F

value for the near and next term. We take R to be 4%.

F1=4135+[e"(0.04*0.07929)]*19.425=4155.217749
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F2=4135+[e"(0.04*0.09647)]*25=4160.096656
Third, Applying the VIX formula from the very beginning of this paper to the near-term and next-
term options with expiration times T1 and T2, respectively, yields:

2 v AK;i eRiT R L
_T1§:l KZ 11 Q(K;) [ 1] i=123..n (15)
2 AK; F
O.ZZ_TZZ?KZ RszQ(K)__[_Z_l] i=123..n (16)

This formula looks complicated, so we will divide it into two parts, focusing first on the first half.
It is

ZynllioriTi Q(K,) (i =1,2,3..1) (17)

T, <t K7

Table 6: The differences between call and put mid-points for near-term and next-term.

5-12 (Near-term) 5-19 (Next-term)
C- ) Differenc C- P- Differenc
Call Mid Put P-Mid . Call Mid Put Mid .

4.120.0 4.000.0 4.120.0 | 100. | 4.005.0 | 31.6

200 1 g6.0a | 0000 1 2579 | 60025 : ) 0 20| 686
4’1(2)5 01 8794 4’085 01 270 | 5574 4’135 01 962 4’0(1)0'0 325'5 63.65
4.130.0 4.010.0 41300 | 93.7 | 4.015.0 | 33.8

; 77.8 00 2175 | 5005 ; ’ ; : 59.9
4’135 01 7875 4’0(1)5 01 2828 | 5047 4’135 0 895'7 4’0(2)0'0 348 | 5495
4.140.0 40200 | 2921 4.140.0 40250 | 357

. 75.7 : 21| 46485 200 | g7 | B2 ' sLas
4’135 01 70.41 4’035 01 334 | 3701 4’135 01 ¢35 4’080'0 365'7 46.75
4.150.0 | 69.53 | 4.030.0 4.150.0 | 81.0 | 4.035.0

. ; 20013079 | 38745 . ; 01378 | 4325
4,1(5)5.0 7 4,085.0 o | 3080 4,185.0 775.4 4,030.0 54 | 3905
4.160.0 4.040.0 | 32.74 41600 | 752 | 4.045.0

000 earg | HOF | 3103 ’ ; 20 1395 | 3575
4’185 01 61.04 4’035 013380 | 2722 4’185 0 725'3 4’080'0 406 | 3175
4,180.0 “cn 4,080.0 36522 10075 4,1(7)0.0 o5 4,085.0 I I
4.175.0 | 55.26 | 4.055.0 4.175.0 | 66.7 | 4.060.0

; ; >0 715 | 181 ; ; 001434 | 2335
4’130'0 52.95 4’080'0 37.1 | 15.85 4’120'0 64 4’085 01441 199
4.185.0 4.065.0 | 40.88 4.185.0 | 613 | 4.070.0

00 | s0as | B0 ; 9.565 ) ; 0453 | 1605
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Table 6: (continued).

4,190.00 | 48.855 | 4,070.00 | 41.245 7.61 4,190.00 | 58.75 | 4,075.00 | 46.6 12.15
4,195.00 | 46.15 | 4,075.00 | 41.335| 4.815 |4,195.00 | 55.55 | 4,080.00 | 48.4 7.15
4,200.00 | 43.47 |4,080.00 | 42.225 | 1.245 |4,200.00 | 53.15 | 4,085.00 | 49.25 3.9

4,205.00 | 41.2 |4,085.00 | 48.81 7.61 4,205.00 | 50.65 | 4,090.00 | 51.15 0.5

4,210.00 | 39.375 | 4,090.00 | 45.54 6.165 |4,210.00 | 48.35 | 4,095.00 | 52.55 4.2

4,215.00 | 37.075 | 4,095.00 | 48.05 | 10.975 | 4,215.00 | 46.05 | 4,100.00 | 53.45 7.4

4,220.00 | 33.65 |4,100.00 | 47.84 14.19 | 4,220.00 | 44.5 | 4,105.00 | 55.55| 11.05
4,225.00 | 33.4 |4,105.00 | 50.885 | 17.485 |4,225.00 | 42.3 | 4,110.00 | 56.45 | 14.15
4,230.00 | 30.195 | 4,110.00 | 51.15 | 20.955 | 4,230.00 | 40.25 | 4,115.00 | 58.05 17.8
4,240.00 | 27.55 | 4,115.00 | 52.65 25.1 4,235.00 | 38.25 | 4,120.00 | 59.65 214
4,250.00 | 22.8 ]4,120.00 | 54.3 31.5 4,240.00 | 36.25 | 4,125.00 | 61.35 25.1
4,260.00 | 21.555 | 4,125.00 | 56.05 | 34.495 |4,245.00 | 34.4 | 4,130.00 | 63.85| 29.45
4,270.00 | 17.775 | 4,130.00 | 57.575 39.8  4,250.00 | 32.1 |4,135.00 | 64.75 | 32.65
4,275.00 | 17.85 |4,135.00 | 59.325 | 41.475 |4,255.00 | 30.4 | 4,140.00 | 67.2 36.8
4,280.00 | 16.5 |4,140.00 | 61.465 | 44.965 | 4,260.00 | 29.2 | 4,145.00 | 68.45 | 39.25
4,290.00 | 14.3 |4,145.00 | 63.25 48.95 14,265.00 | 27.6 |4,150.00 | 71 43.4
4,300.00 | 12.535 | 4,150.00 | 65.44 | 52.905 | 4,270.00 | 26.05 | 4,155.00 | 72.35 46.3
4,155.00 | 67.655 | 67.655

AKi is generally half the difference between the execution prices on either side of Ki. For the case
of i=1, we choose the (i+1)th term minus the i-th period. For example, the first Put strike price on
May 12th is 4000; since there is no price of the previous item, we choose the following data, which
is 4005 minus 4000. Q(K )i is the midpoint of the bid-ask spread for each option with strike Ki.

Table 7: The contribution-by-strike for near-term and next-term.

5-12(Near-term) 5-19(Next-term)
. . Contribution . : Contribution
Price Mid by strike Price Mid by the strike
put 4,000.00 | 25.79 8.08498E-06 put 4,005.00 | 31.65 | 9.90409E-06
4,005.00 27.2 1.70114E-05 4,010.00 | 32.55 | 2.03207E-05
4,010.00 | 27.75 1.73122E-05 4,015.00 | 33.85 | 2.10797E-05
4,015.00 | 28.28 1.75989E-05 4,020.00 | 34.8 | 2.16174E-05
4,020.00 | 29.215 1.81356E-05 4,025.00 | 35.75 | 2.21524E-05
4,025.00 33.4 2.0682E-05 4,030.00 | 36.75 | 2.27155E-05
4,030.00 | 30.79 1.90185E-05 4,035.00 | 37.8 | 2.33067E-05
4,035.00 31.9 1.96554E-05 4,040.00 | 38.4 | 2.36181E-05
4,040.00 | 32.745 | 2.01261E-05 4,045.00 | 39.5 | 2.42346E-05
4,045.00 | 33.82 2.07355E-05 4,050.00 | 40.6 2.4848E-05
4,050.00 | 36.225 | 2.21552E-05 4,055.00 | 41.7 | 2.54583E-05
4,055.00 | 37.15 2.26649E-05 4,060.00 | 43.4 2.6431E-05
4,060.00 37.1 2.25787E-05 4,065.00 | 44.1 2.67913E-05
4,065.00 | 40.885 | 2.48211E-05 4,070.00 | 45.3 | 2.74527E-05
4,070.00 | 41.245 | 2.49781E-05 4,075.00 | 46.6 | 2.81713E-05
4,075.00 | 41.335 | 2.49712E-05 4,080.00 | 48.4 | 2.91878E-05
4,080.00 | 42.225 | 2.54464E-05 4,085.00 | 49.25 | 2.96277E-05
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Table 7: (continued).

4,085.00 | 48.81 2.93428E-05 4,090.00 | 51.15 | 3.06955E-05
4,090.00 | 45.54 2.73101E-05 4,095.00 | 52.55 | 3.14587E-05
4,095.00 | 48.05 2.8745E-05 4,100.00 | 53.45 | 3.19195E-05
4,100.00 | 47.84 2.85497E-05 4,105.00 | 55.55 | 3.30928E-05
4,105.00 | 50.885 | 3.02929E-05 4,110.00 | 56.45 | 3.35472E-05
4,110.00 | 51.15 3.03766E-05 4,115.00 | 58.05 | 3.44143E-05
4,115.00 | 52.65 3.11915E-05 4,120.00 | 59.65 | 3.5277E-05
4,120.00 543 3.2091E-05 4,125.00 | 61.35 | 3.61945E-05
4,125.00 | 56.05 3.3045E-05 4,130.00 | 63.85 | 3.75783E-05
4,130.00 | 57.575 | 3.38619E-05 | average | 4,135.00 | 77.25 | 4.53548E-05
average | 4,135.00 | 69.0375 | 4.05053E-05 call 4,140.00 | 87.2 5.1073E-05
call 4,140.00 75.7 4.4307E-05 4,145.00 | 83.5 4.8788E-05
4,145.00 | 70.41 4.11114E-05 4,150.00 | 81.05 | 4.72425E-05
4,150.00 | 69.535 | 4.05028E-05 4,155.00 | 77.45 | 4.50355E-05
4,155.00 | 62.77 3.64743E-05 4,160.00 | 75.25 | 4.36512E-05
4,160.00 | 63.78 3.69722E-05 4,165.00 | 72.35 | 4.18682E-05
4,165.00 | 61.04 3.5299E-05 4,170.00 | 69.5 | 4.01226E-05
4,170.00 56.2 3.24221E-05 4,175.00 | 66.75 | 3.84427E-05
4,175.00 | 55.265 | 3.18064E-05 4,180.00 | 64 3.67708E-05
4,180.00 | 52.95 3.04012E-05 4,185.00 | 61.35 | 3.51641E-05
4,185.00 | 50.45 2.88967E-05 4,190.00 | 58.75 | 3.35935E-05
4,190.00 | 48.855 | 2.79163E-05 4,195.00 | 55.55 | 3.16881E-05
4,195.00 | 46.15 2.63078E-05 4,200.00 | 53.15 | 3.02469E-05
4,200.00 | 43.47 2.47211E-05 4,205.00 | 50.65 | 2.87557E-05
4,205.00 41.2 2.33745E-05 4,210.00 | 48.35 | 2.73847E-05
4,210.00 | 39.375 | 2.22861E-05 4,215.00 | 46.05 | 2.60202E-05
4,215.00 | 37.075 | 2.09345E-05 4,220.00 | 44.5 | 2.50848E-05
4,220.00 | 33.65 1.89556E-05 4,225.00 | 42.3 | 2.37883E-05
4,225.00 334 1.87703E-05 4,230.00 | 40.25 | 2.25819E-05
4,230.00 | 30.195 | 2.53935E-05 4,235.00 | 38.25 | 2.14092E-05
4,240.00 | 27.55 3.07466E-05 4,240.00 | 36.25 | 2.02419E-05
4,250.00 22.8 2.53259E-05 4,245.00 | 344 | 1.91637E-05
4,260.00 | 21.555 | 2.38307E-05 4,250.00 | 32.1 1.78403E-05
4,270.00 | 17.775 1.46697E-05 4,255.00 | 304 | 1.68558E-05
4,275.00 17.85 9.79813E-06 4,260.00 | 29.2 1.61525E-05
4,280.00 16.5 1.35539E-05 4,265.00 | 27.6 | 1.52316E-05
4,290.00 14.3 1.55894E-05 4,270.00 | 26.05

After we have obtained the i-term values of k, Ak, and Q(k), we can sum them according to the
equation. And derive the value of the first half of the ¢ formula.

s1=(2/0.07929)*0.00139=0.0351

$2=(2/0.09647)*0.002=0.0414

For the second half of the ¢ formula, KO is the strike price less than F and closest to F.

y1=(1/T1)[(F1/K0)-1]*2=1/0.07929*(4155.217749/4135-1)"2=0.00030150613

y1=(1/T2)[(F2/K0)-1]*2=1/0.096472*(4160.096656/4135-1)"2=0.00038183822

52



Proceedings of the 7th International Conference on Economic Management and Green Development
DOI: 10.54254/2754-1169/37/20231830

After we obtain the two parts, we only need to calculate their difference to get the result to formula
C.

6 1"2=s1-y1=0.0351-0.00030150613=0.03479849387

6 2/2=s2-y2=0.0414-0.00038183822=0.04101816178

Lastly, we assign all the above data according to the VIX index formula, and we can get the result
of the VIX index on April 15.

VIX = 100 x \[{Tlaf [W] 4 T,02 [”3""”1]} x Naes (18)

T,—NT1, Nt,—Nt, N3o

Nr, = number of minutes to a settlement of the near-term options (36000)
Nr, = number of minutes to a settlement of the next-term options (48960)
N3, = number of minutes in 30 days (30 x 1,440 = 43,200)

N5 = number of minutes in a 365-day year (365 x 1,440 = 525,600)

VIX = 100 x J{0.07929 *0.0348? | ] +0.09647 x 0.041022 |
VIX = 16.72524782

This is the VIX index for April 15, calculated in the example above. After searching, we found
that the actual VIX index of April 15 is 17, and it is easy to see that 16.725 is very close to 17. Some
errors may be caused by the insufficient number of data sets selected; for example, we chose 60 data
sets each for May 12 and May 19 and 30 sets each for call and put. This is more than enough, but
perhaps more data would make the resulting VIX index more accurate.

After this example, two suggestions might be helpful in the subsequent VIX value calculation. The
first is to choose as much data as possible when selecting data. This will result in a more accurate
VIX calculation. As in the example above, only 60 sets of strike prices were chosen for each of the
following and following terms. If more strike prices are selected, the results may be more accurate.

Secondly, one may wonder why not add more strike prices to make the VIX index in the above
example more accurate. This is the second suggestion: never delete any data you have collected. In
the example above, after finding two days of strike price data, we manually filtered 30 sets of calls
and put data in each. And the data on the Yahoo finance site is updated in real-time every day, which
makes it impossible for us to go back to April 15; once we delete any data, we can't get it back. So
that's the second recommendation, it's best not to delete any of the strike price data you find, even if
it's useless.

48960—-43200
48960—-36000

4-3200—36000]} 525600
48960—-36000 43200

6. Conclusion

The VIX is a widely used volatility index that has become familiar since its introduction by the
Chicago Board Options Exchange (CBOE) in 1993. To this day, the VIX index is an integral part of
the financial markets. Systematically speaking, the VIX index can help us understand the future of
financial markets and effectively assess the risk of investments. For calculating the VIX index in the
example, there is a certain amount of error in the results. More data can be selected in the choice of
the strike price to avoid such mistakes in the following calculation, thus further reducing the error. In
the future, the application of the VIX index will be broader, and the research about the VIX index
and derivative indexes needs to be further explored.
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