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Preface

The current level of the CBOE Volatility Index, or VIX, is part of the litany of information thrown out at a rapid pace on morning business programs. In times of extreme market moves, the VIX gets a bit more attention and possibly a little explanation. That explanation is often that it is a “fear index.” Needless to say, the VIX is much more than an index of fear in the stock market.

The VIX emerged from academic work in the early 1990s as a method of determining a consistent level of implied volatility of option contracts trading on the S&P 100 (OEX) Index at the Chicago Board Options Exchange. For almost a decade, this measure was a side note of market activity.

Then, in the early part of the 2000s, the formula was updated to encompass more option contracts and the focus shifted from the S&P 100 to the S&P 500 index. This update, to include more contracts and focus on the S&P 500, was in preparation to offer derivative contracts on volatility.

Futures and then option contracts were developed by the CBOE to allow investors the ability to capitalize on an outlook for market volatility. These contracts witnessed steady growth until the second half of 2008, when, with an explosion in implied volatility, the marketplace realized the benefits of volatility as a diversification tool.

Other exchanges have taken notice of the success of VIX futures and options and have developed their own volatility indexes and derivative products. Volatility indexes and derivatives on gold, oil, currencies, and even soybeans are now calculated and traded by a variety of exchanges.

This book is divided into two sections. The first half of the book is a description and overview of the variety of volatility-related indexes and products currently available. The unique features of many of the derivative contracts are based on implied volatility, and these are touched on throughout the first section. Some of the confusion that novice traders encounter when considering trading VIX products is addressed, along with instructions on how to interpret a variety of indexes.

The second half of this book is devoted to the uses of volatility-related indexes and products. Methods for speculating on the direction of the overall market or just volatility are addressed. Using volatility derivatives as a tool for hedging traditional portfolios is discussed. Also, the emergence of volatility indexes and trading products as forecasting tools is discussed.

Volatility as an asset class and trading tool is a rapidly growing area in the markets. While writing this book, dozens of new indexes and derivative products based on implied volatility were introduced. Trying to keep up with all of them is nearly impossible, and if I'd tried, this book may never have made it to your hands.
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Chapter 1

Understanding Implied Volatility

In this book, we will discuss the ins and outs of a popular market indicator, or index, that is based on implied volatility. The indicator is the CBOE Volatility Index®, widely known by its ticker symbol, VIX. It should come as no surprise that a solid understanding of the index must begin with a solid understanding of what implied volatility is and how it works.

Implied volatility is ultimately determined by the price of option contracts. Since option prices are the result of market forces, or increased levels of buying or selling, implied volatility is determined by the market. An index based on implied volatility of option prices is displaying the market's estimation of volatility of the underlying security in the future.

More advanced option traders who feel they have a solid understanding of implied volatility may consider moving to Chapter 2. That chapter introduces the actual method for determining the VIX. However, as implied volatility is one of the more advanced option pricing concepts, a quick review before diving into the VIX and volatility-related trading vehicles would be worthwhile for most traders.

HISTORICAL VERSUS FORWARD-LOOKING VOLATILITY

There are two main types of volatility discussed relative to securities prices. The first is historical volatility, which may be calculated using recent trading activity for a stock or other security. The historical volatility of a stock is factual and known. Also, the historical volatility does not give any indication about the future movement of a stock. The forward-looking volatility is what is referred to as the implied volatility. This type of volatility results from the market price of options that trade on a stock.

The implied volatility component of option prices is the factor that can give all option traders, novice to expert, the most difficulty. This occurs because the implied volatility of an option may change while all other pricing factors impacting the price of an option remain unchanged. This change may occur as the order flow for options is biased more to buying or selling. A result of increased buying of options by market participants is higher implied volatility. Conversely, when there is net selling of options, the implied volatility indicated by option prices moves lower.

Basically, the nature of order flow dictates the direction of implied volatility. Again, more option buying increases the option price and the result is higher implied volatility. Going back to Economics 101, implied volatility reacts to the supply and demand of the marketplace. Buying pushes it higher, and selling pushes it lower.

The implied volatility of an option is also considered an indication of the risk associated with the underlying security. The risk may be thought of as how much movement may be expected from the underlying stock over the life of an option. This is not the potential direction of the stock price move, just the magnitude of the move. Generally, when thinking of risk, traders think of a stock losing value or the price moving lower. Using implied volatility as a risk measure results in an estimation of a price move in either direction. When the market anticipates that a stock may soon move dramatically, the price of option contracts, both puts and calls, will move higher.

A common example of a known event in the future that may dramatically influence the price of a stock is a company's quarterly earnings report. Four times a year a company will release information to the investing public in the form of its recent earnings results. This earnings release may also include statements regarding business prospects for the company. This information may have a dramatic impact on the share price. As this price move will also impact option prices, the option contracts usually react in advance. Due to the anticipation that will work into option prices, they are generally more expensive as traders and investors buy options before seeing the report.

This increased buying of options results in higher option prices. There are two ways to think about this: the higher price of the option contracts results in higher implied volatility, or because of higher implied volatility option prices are higher. After the earnings report, there is less risk of a big move in the underlying stock and the options become less expensive. This drop in price is due to lower implied volatility levels; implied volatility is now lower due to lower option prices.

A good non-option-oriented example of how implied volatility works may be summed up through this illustration. If you live in Florida, you are familiar with hurricane season. The path of hurricanes can be unpredictable, and at times homeowners have little time to prepare for a storm. Using homeowners insurance as a substitute for an option contract, consider the following situation.

You wake to find out that an evacuation is planned due to a potential hurricane. Before leaving the area, you check whether your homeowners insurance is current. You find you have allowed your coverage to lapse, and so you run down to your agent's office. As he boards up windows and prepares to evacuate inland, he informs you that you may renew, but the cost is going to be $50,000 instead of the $2,000 annual rate you have paid for years. After hearing your objections, he is steadfast. The higher price, he explains, is due to the higher risk associated with the coming storm.

You decide that $50,000 is too much to pay, and you return home to ride out the storm. Fortunately, the storm takes a left turn and misses your neighborhood altogether. Realizing that you have experienced a near miss, you run down to your agent's office with a $50,000 check in hand. Being an honest guy, he tells you the rate is back down to $2,000. Why is this?

The imminent risk level for replacing your home has decreased as there is no known threat bearing down on your property. As the immediate risk of loss or damage has decreased tremendously, so has the cost of protection against loss. When applying this to the option market, risk is actually risk of movement of the underlying security, either higher or lower. This risk is the magnitude of expected movement of the underlying security over the life of an option.

When market participants are expecting a big price move to the upside in the underlying security, there will be net buying of call options in anticipation of this move. As this buying occurs, the price of the call options will increase. This price rise in the options is associated with an increase risk of a large price move, and this increase in risk translates to higher implied volatility.

Also, if there is an expectation of a lower price move, the marketplace may see an increase in put buying. With higher demand for put contracts, the price of puts may increase resulting in higher implied volatility for those options. Finally, if put prices increase, the result is corresponding call prices rising due to a concept known as put-call parity, which will be discussed in the next section.

PUT-CALL PARITY

Put and call prices are linked to each other through the price of the underlying stock through put-call parity. This link exists because combining a stock and put position can result in the same payoff as a position in a call option with the same strike price as the put. If this relationship gets out of line or not in parity, an arbitrage opportunity exits. When one of these opportunities arises, there are trading firms that will quickly buy and sell the securities to attempt to take advantage of this mispricing. This market activity will push the put and call prices back in line with each other.

Put and call prices should remain within a certain price range of each other or arbitragers will enter the market, which results in the prices coming back into parity. Parity between the two also results in a similar implied volatility output resulting from using these prices in a model to determine the implied volatility of the market.

Stated differently, increased demand for a call option will raise the price of that call. As the price of the call moves higher, the corresponding put price should also rise, or the result will be an arbitrage trade that will push the options into line. As the pricing of the option contracts are tied to each other, they will share similar implied volatility levels also.

For a quick and very simple example of how put-call parity works, consider the options and stock in Table 1.1.

Table 1.1 Put, Call, and Stock Pricing to Illustrate Put-Call Parity




	Stock/Option
	Price





	XYZ Stock
	$50.00



	XYZ 50 Call
	$1.00



	XYZ 50 Put
	$2.00





Using the XYZ 50 Put combined with XYZ stock, a payout that replicates being long the XYZ 50 Call may be created. The combination of owning stock and owning a put has the same payout structure as a long call option position. With the XYZ 50 Call trading at 1.00 and the XYZ 50 Put priced at 2.00, there may be a mispricing scenario. Table 1.2 compares a long XYZ 50 Call trade with a combined position of long XYZ stock and long a XYZ 50 Put.

Table 1.2 Payout Comparison for Long Call and Long Stock + Long Put trade

[image: Table 1-2]

The final two columns compare a payout of owning XYZ stock from 50.00 and buying the XYZ 50 Put at 2.00 versus buying an XYZ 50 Call for 1.00. Note that at any price at expiration, the long call position is worth 1.00 more than the combined stock and put position. With this pricing difference, there is the ability to take a short position in the strategy that will be worth less and buy the strategy that will be worth more at expiration. The payout diagram in Figure 1.1 shows how the two positions compare at a variety of prices at expiration.


Figure 1.1 Payout Diagram Comparison
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The lines are parallel throughout this diagram. The higher line represents the profit or loss based on buying the 50 call. The lower line represents the payout for the spread combining a long stock position and a long 50 put position. At any price at expiration, the combined position has less value than the long 50 call. Knowing this outcome, it is possible to benefit from the 1.00 spread, which will exist at any price at expiration for two positions that are basically the same.

Due to put-call parity and the mispricing between the 50 Call and 50 Put, the call may be purchased combined with a short position in the stock and put option. A quick transaction using the prices in the example would result in a profit of 1.00 upon options expiration. This 1.00 profit would be realized regardless of the price of the stock at expiration. Firms would attempt to take advantage of this opportunity through buying the cheaper call option and selling the comparable more expensive put option. The market activity of these participants is what keeps put and call option prices in line with each other and the implied volatility of both put and call contracts at the same level.

ESTIMATING PRICE MOVEMENT

What the implied volatility of an option projects onto the underlying security is the expected range of price movement over a certain period of time. This estimation of price movement is based on statistics and the bell curve. The implied volatility of an option is the projection of an annualized one standard deviation move in the underlying stock over the life of the option. According to statistics and using implied volatility as a guide, the price of a stock should land between up and down one standard deviation at option expiration. The closing price should land in this range 68.2 percent of the time.

This 68.2 percent comes from statistics and what is referred to as a normal distribution. Statistics like this reveal that 68.2 percent of the time a stock should be between up one standard deviation and down one standard deviation a year from today. A formula may also be used to take this annualized number and narrow down the projection to a single day. The normal distribution also indicates that there is a 95.4 percent expectation of the stock landing between up two standard deviations and down two standard deviations. Finally, at three standard deviations, the probability reaches 99.7 percent.

 With a stock trading at $50 and the underlying option prices indicating 20 percent implied volatility, the result is a one standard deviation price move equal to $10 (20 percent of $50). In other words, the stock is expected to close between $40 (down $10) and $60 (up $10) with 68.2 percent certainty a year from today. A two standard deviation price move would be equal to $20. This is calculated by simply multiplying 2 times a single standard deviation. Using two standard deviations, it can be projected out that the stock should land between $30 and up $70, with a confidence of 95.4 percent. At three standard deviations, there is a 99.7 percent chance of the stock closing between $20 and $80 a year from the date of the calculation.

VALUING OPTIONS: PRICING CALCULATORS AND OTHER TOOLS

An option pricing calculator is a tool that allows a user the ability to input the pricing variables that determine the value of an option with the result being a theoretical option price. Ultimately the market determines the price of an option through buying and selling forces. However when analyzing and investigating option trades, using an option pricing calculator with certain assumptions gives an idea where an option may be trading in the future. Also, using an option pricing calculator is an excellent way to become familiar with the price action of option contracts. The CBOE has a free option calculator available on its website at www.cboe.com/tradtool; it is a valuable tool for option pricing.

The value of an option contract is derived from a variety of inputs. Inputs into an option pricing model include the price of the underlying security, the strike price of the option, the type of option, dividends, interest rates, and time to option expiration. The final input into an option pricing model is the implied volatility of the option. These inputs may be used in a model to determine the value of an option.

Table 1.3 demonstrates how an option pricing model is used to determine the value of an option. The inputs are at the top of the table, with the value of the option showing up as the only output. Option pricing models calculate a variety of pieces of useful information, such as the impact of changes in pricing factors. These outputs are known as the option Greeks. However, to keep focus on the topic at hand, implied volatility, only the necessary outputs are going to be demonstrated in this example of an option calculator.

Table 1.3 Option Pricing Calculator–Option Value Output




	Factor
	Input






	Call/Put
	Call



	Underlying Price
	44.75




	Strike Price
	45.00



	Implied Volatility
	30%



	Days to Expiration
	30



	Interest Rate
	1.00%



	Dividends
	0.00%



	Output

	Result




	Option Value
	1.45






The option price in the model is determined from a stock trading at 44.75 with implied volatility of 30 percent and a risk-free interest rate of 1.00 percent. The result is a call option value with a strike price of 45 and 30 days to expiration would be valued at 1.45 based on the inputs used in this model. Keep in mind that this is a pricing model, not the actual market trading price of the option. Again, the inputs in the model are assumptions, not just the market price. Just because using these inputs results in a value of 1.45 for this 45 Call does not mean it can be traded at this level. In fact, the market price of this option will vary if the market consensus differs from the inputs used in this model.

The real value of an option at any given time is actually determined by the price that it may be bought or sold in the market. In the case of this 45 Call, even though the inputs into the model result in a 1.45 value, when checking market quotes for this option we find that the current trading price is 1.70. The reason for the difference between our model's value and the market price is the result of different implied volatility levels being used. The previous model, in Table 1.3, takes inputs and the result in a difference in option values based on the inputs.

Table 1.4 Option Pricing Calculator—Implied Volatility Output




	Factor
	Input






	Call/Put
	Call




	Underlying Price
	44.75




	Strike Price
	45.00




	Option Price
	1.70




	Days to Expiration
	30




	Interest Rate
	1.00% 




	Dividends
	0.00 




	Output

	Result




	Implied Volatility
	35%






The pricing factors in an option pricing model are for the most part set in stone. The exception of this is the implied volatility input. For the model, the assumption of 30 percent implied volatility was used. However, the market is pricing in a higher implied volatility level. This is determined before any numbers or formulas have been run just by comparing the option market price and the option value assumption that resulted from the model. The market price of the option is higher than the pricing model output. Seeing this, it is pretty certain that the implied volatility based on market prices is higher than what was entered into the model. There is a direct correlation between high and low relative option prices and higher or lower implied volatility.

Table 1.4 is an option pricing model that uses the market price as an input with the sole output being implied volatility. This implied volatility level is being indicated by the 1.70 market price of the 45 Call. The higher option price here is a higher implied volatility than what was used in the first pricing model. As the option price in this model is higher 
than the option value that resulted from a 30 percent implied volatility, the expectation would be a higher implied volatility result. Using 1.70 as the price of the option actually results in the implied volatility that is being projected by this option price to be 35 percent. Professional traders generally start with the market price of an option to calculate implied volatility as that is where the implied volatility of an option is ultimately determined.

Another method of demonstrating the impact of different implied volatility levels on option prices appears in Table 1.5. Instead of a comparison of what the model output was versus the option price based on model outputs, consider the previous option prices in a different way. Consider the two option prices and implied volatility differences as changes based on an increase in demand for the option. Both prices represent the market and the option price increases from 1.45 to 1.70. This option price rise occurs due to an increase in buying of the call option while all other factors that influence the option price stay the same.

Table 1.5 Impact of a 5 Percent Increase in Implied Volatility




	Implied Volatility

	30%
	35%



	Option Price

	1.45
	1.70





Since the price of the option contract has increased, the resulting implied volatility output from an option model has also increased. Higher option prices, whether put or call prices, will result in a higher implied volatility output with no changes in any of the other option pricing factors.

To recap, there is a direct link between the demand for option contracts and their prices in the marketplace. This is regardless of changes occurring in the underlying stock price. With demand in the form of buying pressure pushing option prices higher or an increase in selling occurring due to market participants pushing option prices lower, the implied volatility of an option is dictated by market forces.

FLUCTUATIONS BASED ON SUPPLY AND DEMAND

As mentioned in the first section of this chapter, implied volatility does fluctuate based on supply and demand for options. This leads to the question, “What exactly causes the supply and demand for options to fluctuate?” The short answer is the near-term expected price changes that may occur in the underlying stock. These moves are usually the result of information that has influenced the fundamental outlook for a stock. The best example of this type of information would be a company's quarterly earnings reports.

Every publicly traded company in the United States reports its earnings results four times a year. The date and timing (generally before the market open or after the market close) are usually known well in advance of the actual announcement. Along with the earnings results, other information is disseminated, such as the company's revenues and the source of those revenues. Many companies offer a possible outlook regarding the prospects for their business conditions, and most will hold a public conference call to answer professional investors’ questions. These events often have a dramatic impact, either positive or negative, on the price of a stock.

Again, the date that these results are announced is public knowledge and often widely anticipated by analysts and traders. As the date draws near, there is usually trading in the stock and stock options that is based on the anticipated stock price reaction to the earnings announcement. The result is usually net buying of options as there is speculation regarding the potential move of the underlying stock. The net option buying results in higher option prices and an increase in the implied volatility projected by the options that trade on this stock. Usually this increase impacts only the options with the closest expiration and strike prices that are close to where the stock is trading. An excellent example of this can be seen in the option prices and resulting implied volatility levels for Amazon stock shown in Table 1.6.

Table 1.6 Amazon Option Implied Volatility and Option Prices Minutes Prior to an Earnings Announcement

[image: Table 1-6]

These are market prices from just before the close of trading on July 22, 2010. Amazon's earnings were reported after the market close on the 22nd with weekly options that expire on the 23rd having only one trading day until expiration after the news was released. The difference in implied volatility between the options that have one trading day left and those that have just under a month left is pretty significant.

This difference stems from the options that market participants would use as a short-term trading vehicle related to Amazon's earnings announcement. This would be the same for hedgers and speculators alike. Both would focus on the strike prices that are closest to the trading price of the stock as well as the options with the least amount of time to expiration.

Option contracts that have the closest expiration to a known event that occurs after the event are the contracts that will have the most price reaction before and after the event occurs. With Amazon reporting earnings the evening of July 22 and an option series expiring on July 23, the July 23 options are the contracts that will see the most price action based on the stock price reaction to the earnings release.

The stock price is very close to the 120 strike price when the option first listed and just before the earnings announcement. Using the 120 strike options, implied volatility for both the put and call options that expire the following day is around 155 percent. This indicates that on an annualized basis the option market is pricing in a 155 percent price move over a single day. This is much more dramatic sounding that it is in reality. Annualized implied volatility of 155 percent for an option with a single trading day left translates to a one-day move of around 9.76 percent. The math behind this is (see the following feature on calculating single day implied volatility):

[image: Unnumbered Display Equation]

This single-day implied volatility can be interpreted as being a single standard deviation range of expected price movement of the stock on that day.


Calculating Single-Day Implied Volatility

Assuming there are 252 trading days in a year, the denominator of this formula turns out to be the square root of the number of trading days for the year.

[image: Unnumbered Display Equation]


Amazon did report its earnings, and the initial price reaction was pretty close to what the option market was pricing in. The NASDAQ opening price the day after the company reported earnings was down 11.76 percent from the previous day's close. The market was forecasting a 9.76 percent move based on option pricing.

As a refresher from college statistics: One standard deviation in statistics indicates there is a 68.2 percent chance that an outcome is going to land between up and down one standard deviation. So this single-day implied volatility indicates the market is expecting Amazon's stock to trade within up or down 9.76 percent with a 68.2 percent level of confidence in the next day.

Table 1.7 shows the increase in the implied volatility of the 120 Call projected by Amazon option prices as the earnings announcement approaches. Implied volatility for other options rises in the same way, since 120 is the closest strike to the stock price when the option started trading and just before earnings were announced. Also, the options contract is a weekly expiration option that begins trading on a Thursday morning and expires on the following week's Friday close. This particular option 
started trading on July 15 with the last trading day being July 23 or is what is called a weekly option that has only eight trading days from listing to expiration.

Table 1.7 Implied Volatility Changes Approaching Amazon Earnings

[image: Table 1-7]

The first row is the opening price for the weekly option and underlying price for the option. When the option first traded it had an implied volatility level of 71 percent. This compares to non-earnings-period implied volatility levels, which are usually in the mid 30 percent range for Amazon options.

Over the next few days, the earnings announcement draws closer and the stock stays in a fairly tight range. The implied volatility of the option contracts continues to rise as time passes. By the time the announcement is imminent, the implied volatility of the 120 Call has more than doubled.

This illustration of how implied volatility climbs in front of a potentially market-moving event is a bit magnified by the options only having one day of time value remaining before the announcement. However, it is a good illustration of how option prices, through the implied volatility component, discount a potential market-moving event when the timing of this event is a known entity.

THE IMPACT ON OPTION PRICES

Implied volatility is commonly considered an indication as to whether an option is cheap or expensive. This determination may be made through examining past implied volatility levels for the options of a particular stock or index and comparing present values.

Demand for options pushes up the price of an option contract and results in higher implied volatility. However, other factors such as the underlying price, time to expiration, and interest-rate levels also determine the price of an option. These other factors are not impacted through the buying and selling pressure on option contracts. Only implied volatility will fluctuate based on market buying and selling pressure.

The goal of any directional trading strategy should be to buy low and sell high. If the market considers any trading vehicle inexpensive, there will be participants that take advantage of this through purchasing the instrument. On the other hand, if something appears expensive it may be sold. Implied volatility is a measure that option traders use to define whether options are overvalued or undervalued.

As a simple example, take the option prices and implied volatility levels in Table 1.8. The data in this table represent a stock trading at 24.00 per share, and the value of a 25 Call with 90 days until expiration. The different option prices are based on various implied volatility levels. Note that as the option price increases so does the implied volatility of the 25 Call.

Table 1.8 Implied Volatility Levels and Option Prices




	Stock Price
	25 Call
	Implied Volatility





	24.00
	0.80
	20%



	24.00
	1.05
	25%



	24.00
	1.30
	30%





If options for the underlying stock usually trade with an implied volatility of 25 percent, then when the option could be purchased for 0.80 it may be considered undervalued or inexpensive. At 0.80 the option had an implied volatility level of 20 percent. When implied volatility rose to 30 percent and the option was trading for 1.30, the option may be considered expensive. At 1.05 with an implied volatility of 25 percent, the historical norm, the 25 Call may be considered fairly valued.

Of course, using implied volatility as a measure of how expensive or cheap an option is must be done in the context of some external factors. Remember, if the company is preparing to announce quarterly earnings, the implied volatility would be expected to be high relative to other periods of time. In that case, a comparison to implied volatility behavior around previous earnings announcements would be a more accurate analysis of whether the options appear cheap or expensive.

IMPLIED VOLATILITY AND THE VIX

The VIX will be further defined in the next chapter, but the concepts in this chapter should be tied to the VIX before moving forward. The VIX is a measure of the implied volatility being projected through the prices of S&P 500 index options. The VIX can be used to indicate what type of market movement option prices are projecting on the S&P 500 over the next 30 days or even a shorter time. Since the VIX is measuring implied volatility of S&P 500 index options and since implied volatility is a measure of risk projected by option pricing, the VIX is considered a gauge of fear in the overall market.

The remainder of this book explores the VIX index which is based on the concept of implied volatility. With a solid understanding of implied volatility, exploration of the VIX index, methods of using the VIX for market analysis, and ways to directly trade volatility should be easier to comprehend.




Chapter 2

About the VIX Index

Officially known as the CBOE Volatility Index, the VIX is considered by many to be a gauge of fear and greed in the stock market. A more accurate description of what the VIX measures is the implied volatility that is being priced into S&P 500 index options. Through the use of a wide variety of option prices, the index offers an indication of 30-day implied volatility as priced by the S&P 500 index option market.

Before diving further into the calculation that results in the VIX, this chapter will cover the history of exactly how this index was developed followed by an overview of how the VIX is determined. Then for interested parties there is a more in-depth discussion of how the VIX is calculated. The VIX index has historically had an inverse relationship to performance of the S&P 500, and this often results in questions from traders who are new to the VIX. This relationship will be discussed in the context of put-call parity, which was mentioned in Chapter 1.

Finally, there are a handful of VIX-related indexes based on other equity-market indexes. The S&P 100–related VIX is still calculated using the old method to maintain some continuity for historical comparisons. Finally, there are also VIX indexes calculated on options based on the Nasdaq 100, Russell 2000, and Dow Jones Industrial Average, which are discussed toward the end of the chapter.

HISTORY OF THE VIX

The concept behind the VIX index was developed by Dr. Robert Whaley of Vanderbilt University in 1993. His paper “Derivatives on Market Volatility: Hedging Tools Long Overdue,” which appeared in the Journal of Derivatives, laid the groundwork for the index. The original VIX was based on pricing of S&P 100 (OEX) options and used only eight option contracts to determine a volatility measure.

At the time, OEX options were the most heavily traded index option series that reflected performance of the stock market in the United States. This volatility index was based on a limited number of options and was slightly disconnected from the overall stock market due to the narrower focus of the S&P 100 versus the S&P 500.

In 2003 there was a new methodology for calculation of the VIX index that was developed through work done by the CBOE and Goldman Sachs. Although the calculation was altered, the most important aspect to this change for individuals is that the underlying options changed from the OEX to options trading on the S&P 500. Another significant change was an increase in the number of options that were used in the index calculation. Through a wider number of option contract prices feeding the formula to calculate the VIX, a true 30-day implied volatility level that is being projected on the S&P 500 by the options market is realized.

The S&P 500 index is considered by professional investors to be the benchmark for the performance of the stock market in the United States. The members of the index are 500 of the largest domestic companies in the United States that meet criteria based on market capitalization, public float, financial viability, liquidity, type of company, and industry sector. Companies are usually dropped from the index when they have violated membership criteria or have ceased to operate due to a merger or acquisition.

Table 2.1 S&P 500 Industry Weightings




	Industry
	Weighting





	Consumer discretionary
	9.10%



	Consumer staples
	11.70%



	Energy
	11.40%



	Financials
	15.40%



	Health care
	13.40%



	Industrials
	10.00%



	Information technology
	18.50%



	Materials
	3.40%



	Telecom services
	3.30%



	Utilities
	3.80%





The industry representation of the S&P 500 index appears in Table 2.1. With a broad distribution of companies in the index, there is no industry that dominates the index's performance. This diversification across industries is a major reason the S&P 500 is considered a performance benchmark by most professional investors.

CALCULATING THE VIX

After the VIX index was introduced, the CBOE moved forward with the first exchange listed volatility derivative instruments. Through the CBOE Futures Exchange (CFE®), the CBOE introduced futures contracts based on the VIX. Other instruments have followed, and more are in development.

There are two ways to explain how the VIX is determined. First, it can be explained using simple nonmathematical terms. Then, for those interested in an in-depth discussion of the formula and calculation, a more detailed overview will follow. Having a basic understanding of how the VIX is determined is more than enough to move forward with trading. However, for those with more interest in the VIX calculation, the more comprehensive description is included.

The Nonmathematical Approach

The VIX is an indicator of 30-day implied volatility determined through the use of S&P 500 index option prices. The option price used in the formula is actually the midpoint of the bid-ask spread of relevant at and out of the money actively traded S&P 500 index options. Using the midpoint of the spread is a more accurate price description than the last price for an option contract. Also, the contracts used are the S&P 500 index options that trade to the next two standard expirations with at least eight days to expiration. When a series reaches this eight-day point, it is not used anymore in the calculation and the options that expire farther in the future then start to contribute to the VIX calculation.

All of these S&P 500 options are then used to create a synthetic at the money option that expires exactly 30 days from the very moment of the calculation. This time variable to the formula is constantly being updated to weight the balance of the two expiration series in the formula. Using a wide number of actively quoted S&P 500 index options, a synthetic 30-day option is created and the VIX is the implied volatility of that option. This results in implied volatility of the synthetic option contract, which is then reported as the VIX.

The Formula and Calculations

It is possible to trade the VIX with a cursory understanding of how the index is determined. Those who are satisfied with their understanding of the VIX and what it represents may skip ahead. However, readers who are more interested in how the VIX is calculated should be interested in the remainder of this section.

The input for calculating the VIX index comes from all actively quoted S&P 500 index options for the next two standard option expirations that have at least eight days remaining until expiration. Eliminating the nearer term expiration options that have only a week to expiration takes out some of the end-of-contract volatility that can occur in the market.

The option contracts from these two expiration series are the at and out of the money put and call options. The series of options used extends out of the money until there are two consecutive option strikes that have no bid-ask market posted. Again, the midpoint of the bid-ask spread for the options is used in the calculation.

The time to expiration part of the calculation is very specific, down to the second. This is constantly being updated to change the weighting between the two series of options feeding into the calculation. Although S&P 500 index options cease trading on a Thursday for Friday morning settlement, the time to expiration is based on the market opening time, 8:30 A.M. central time, on the Friday of expiration.

There is also a forward price for the S&P 500 that is calculated using the closest at the money options in conjunction with put-call parity. This S&P 500 forward price is the underlying security price and strike price used to price the synthetic option used in the calculation. The implied volatility of that option is what is quoted at the VIX.

Finally if there is interest in using Microsoft Excel© to replicate calculating the VIX, a paper produced by Tom Arnold and John H. Earl Jr. of the University of Richmond is useful. In a very short study, 10 pages, they lay out the groundwork for using Excel to replicate the calculation of the VIX (to read the full paper, go to http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1103971). Also, once the template has been set up, changing the time frame and underlying instrument is simple. Using the template, the VIX methodology may be applied to a variety of instruments or time frames with little effort.

THE VIX AND PUT-CALL PARITY

Many traders and investors often ask why there appears to be an inverse relationship between the direction of stock prices and the VIX. The relationship may be broken down to the nature of purchasing options. When the market is under pressure, there is a net buying of put options, which will result in higher implied volatility. This rapid increase in demand for put options pushes the implied volatility for both put and call contracts higher; the reason behind this is called put-call parity.

Put-call parity states that the prices of put and call options that have the same strike price and expiration are related. This relationship exists due to the ability to create synthetic positions in one option through combining the other option with the underlying stock. With this possibility, if the price of one option differs enough from the price of the other, an arbitrage opportunity may present itself.

For instance, in a zero-interest-rate environment, a put and call price should have the same value if the stock is trading at the strike price. As the options are related in price, the implied volatility of these options is also related. This is unrealistic, but it is a good method of demonstrating put-call parity. The prices in Table 2.2 may be used to demonstrate what can happen when put-call parity breaks down.

Table 2.2 Prices to Demonstrate Put-Call Parity




	Security
	Price





	XYZ Stock
	45.00



	XYZ 45 Call
	2.50



	XYZ 45 Put
	2.00





It is possible to replicate the payout of a long call through combining a put option and a stock position. Stated another way, a long stock position along with owning a put will result in the same payout structure as being long a call option. So, if the same payout may be created in two methods, the pricing of these two should be equivalent. If they are not equal, the lower priced one may be bought while the higher priced one is simultaneously sold. This is known as an arbitrage trade, in which an instant profit may be realized through a pricing difference in two equivalent securities.

If the XYZ 45 Put is purchased and shares of XYZ stock are also bought, the resulting position at expiration will be the same as owning the XYZ 45 Call. Above 45.00, the call option would result in a long position in XYZ; below 45.00, the call would not be exercised and there would be no position in XYZ. With a long 45 put position combined with a long position in the stock, if the stock is below 45.00 at expiration the put option will be exercised and the stock sold. The result would be no position in XYZ. Above 45.00, the stock would still be owned, as the XYZ 45 Put would not be exercised. Regardless of the stock price at expiration, the resulting position in XYZ will be the same. Due to the different prices between the 45 Call and 45 Put, there is a difference in profit or loss of the position at expiration. Table 2.3 demonstrates this at a variety of price points at expiration.

Table 2.3 Long XYZ 45 Call versus Long XYZ 45 Put + Long XYZ at Expiration

[image: Table 2-3]

The column Long Stock + Long Put represents the position payout at expiration of the combined long stock–long put position. Note at all price levels the combined long stock and long put position is worth 0.50 more than the long call position. If at all price levels at expiration the long call position will be worth less than stock plus put position, then an arbitrage opportunity exists.

The arbitrage trade would be to purchase the stock and put option while taking a short position in the call option. At any price level for XYZ at expiration, this trade would result in a profit of 0.50. Table 2.4 displays the outcome through buying XYZ at 45.00 and purchasing the XYZ 45 Put for 2.00 along with selling the XYZ 45 Call at 2.50.

Table 2.4 Long XYZ Stock + versus Long XYZ 45 Put + Short XYZ 45 Call at Expiration
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Admittedly this is an overly simplistic example, but the hope here is to get across the idea of put-call parity and what happens when put and call prices get out of line relative to each other. Execution of this combined position with the result of a riskless profit would involve transaction costs and a cost of capital. For individuals this might be prohibitive, but for professional trading firms this is an opportunity. When option prices get out of line to a point where a professional firm may take advantage through placing orders to buy and sell the instrument that are mispriced, then orders to take advantage of this mispricing will be executed. These trades will quickly push markets back into line and eliminate the arbitrage profit.

Figure 2.1 is a payoff diagram that compares the payout of the long call and combined long put–long stock position. The higher line represents the combined long put–long stock position. The lower line shows the profit or loss for the long call position. Note the lines are parallel—the only difference is the profit or loss. This difference shows an arbitrage profit that may be realized by shorting the long call and buying the other two instruments, then holding the positions to expiration.


Figure 2.1 Payoff Comparison
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Table 2.5 Variety of Positions Created through Put-Call Parity




	Position
	Combination





	Long call
	Long stock + long put



	Short call
	Short stock + short put



	Long put
	Short stock + long call



	Short put
	Long stock + short call



	Long stock
	Long call + short put



	Short stock
	Short call + long put





The put-call parity formula has many components and is beyond the scope of this book. However, the formulas in Table 2.5 illustrate on a position basis what the equivalent single-position result is from different combinations of a put, call, or stock.

A comparable payout of any single long or short position with a put, call, or stock may be created using a combination of the other two securities. Although it may seem like this does not relate to the VIX, there is a point to this exercise.

The relationship between put and call prices that results in put-call parity does have an impact on the VIX index. The level of the VIX is based on the implied volatility of a variety of both put and call options. The indicated implied volatility of option contracts rises and falls based on market forces. The specific market force that impacts implied volatility is the net buying or selling of options. This increase in demand is not necessarily purchase of either all call or all put options buy just net buying of option contracts. Since strong demand for call options will result in higher put prices and demand for puts will result in higher call prices, higher demand for either type of contract results in higher implied volatility for both put and call contracts.

The VIX has historically had an inverse relationship with the S&P 500 index. The reason behind this inverse relationship relates to the type of option activity that occurs during bullish markets versus bearish markets. When markets rally, there is rarely a rush by investors to purchase call options. Therefore when the market is rising, there is rarely dramatically higher option purchasing versus options selling.

When the S&P 500 comes under pressure, especially in very turbulent times, there is often a panic-like demand for put options. This demand for protection results in increased purchasing of put options. The result is a fast move higher in implied volatility for both S&P 500 put and call options. This higher demand then results in an increase in implied volatility and finally a move higher in the VIX index.

In summary, the VIX moves higher when there is more demand for S&P 500 options, this demand tends to increase when there is nervousness about the overall market. This concern about the market will result in increased demand for put options. Put-call parity is the reason the implied volatility of both types of options moves together. The result of this increased demand for puts is higher implied volatility indicated by the pricing of S&P 500 options and a move higher in the VIX.

THE VIX AND MARKET MOVEMENT

Again, the VIX is a measure of 30-day implied volatility as indicated by the pricing of S&P 500 index options. The VIX is expressed as an annualized volatility measure, but it may actually be used to determined shorter-term market-price movements. Recall the example with Amazon reporting earnings in the previous chapter. The implied volatility of the at the money options that only had a day left to expiration could be used to determine the magnitude of movement expected from Amazon stock the day following the company's earnings release. The implied volatility of those options was expressed as an annualized number.

The VIX is the 30-day implied volatility of the S&P 500, but it is also expressed as an annual figure. When the VIX is quoted at 20, this can be interpreted as SPX options pricing in an annualized move, up or down, of 20 percent in the S&P 500 index over the next 30 days. Using the VIX index, the anticipated movement of the underlying market may also be interpreted. The formula for determining the expected magnitude of market movements based on the VIX index is shown in the section following.


Calculating Expected 30-Day Market Movement

The formula for determining expected 30-day market movement is simple:
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To determine the anticipated 30-day movement of the stock market as defined by the VIX involves dividing the VIX by the square root of 12. In the previous chapter the implied volatility for a stock was used to interpret the expected one-day move for the stock. The square root of 12 is a convenient number as 30 days is the average month and there are 12 months in the year. In a similar manner to breaking down what implied volatility was indicating about movement in Amazon stock, the VIX may be used to determine the anticipated 30-day move for the S&P 500.

If the VIX is quoted at 20, the result would be the market expecting movement of about 5.77 percent over the next 30 days. Following the formula for determining 30-day market movement, the math would be:
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At times the VIX has reached some extreme points with the index actually reaching over 100 intraday. Table 2.6 shows what different VIX levels indicate about anticipated stock market movement.

The VIX may also be used as an indication of what magnitude of daily price movement is being expected for the S&P 500. Much like the formula used in Chapter 1 for Amazon stock, the VIX can be taken down to a single-day estimate of market movement. Instead of repeating the formula from the previous chapter, a trader's rule of thumb about the VIX will be discussed.

In the VIX trading arena, the option and futures traders take the level for the VIX and divide it by 16 to get a rough estimate of what sort of daily move is expected in the stock market based on the level of the VIX. Remember, the denominator of the formula in Chapter 1 was the square root of 252 or about 15.87. The traders round this up to 16 to get their denominator. So the VIX at 16 would indicate S&P 500 index options are anticipating daily price movement of 1 percent (16/16). A VIX of 32 would be interpreted as the S&P 500 option market anticipating a daily price move of 2 percent (32/16).

The math behind this method is not exact, but this is a pretty good rule of thumb. In 2008 when the VIX was trading in the mid-60s, this may be taken as the option market expecting a daily price move of 4 percent. Using a more common stock market index, this translates to the Dow Jones Industrial Average (DJIA) at 10,000 points being expected to trade in a 400-point range on a daily basis. Four-hundred-point days in the DJIA usually result in the stock market getting more than just professional investor's attention during the day. Those sort of moves generally grab headlines.

Table 2.6 VIX and Expected 30-Day Movement of the S&P 500




	VIX
	Expected 30-Day Move





	3.46
	1%



	6.92
	2%



	10.40
	3%



	13.85
	4%



	17.32
	5%



	20.78
	6%



	24.25
	7%



	27.71
	8%



	31.18
	9%



	34.64
	10%





EQUITY MARKET VOLATILITY INDEXES

In addition to an index based on S&P 500 volatility, the CBOE has developed a handful of other volatility measures based on other common stock market indexes. Table 2.7 is a list of indexes based on index volatility that the CBOE has developed. There are also some quotes and strategy-based and alternative-asset-based volatility indexes the CBOE has developed. Those indexes will be discussed in Chapter 7.

Table 2.7 CBOE Equity Market Volatility Indexes

Sources: www.cboe.com and www.nyse.com.
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CBOE DJIA Volatility Index

The CBOE DJIA Volatility Index is calculated in a similar fashion as the VIX. Quotes for this index are disseminated using the symbol VXD. The index was created in 2005, and the index was introduced on March 18 of that year. The index indicates the market's expectation of 30-day implied volatility based on index option prices on the Dow Jones Industrial Average (DJX).

The DJX is one of the oldest stock indexes and is one of the most commonly quoted indicators of the overall stock market. Charles Dow, the publisher of the Wall Street Journal, created the index in order to bring more attention to his newspaper. The DJIA was first quoted on May 26, 1896. On days the stock market is open, at some point on the national news how the DJX did on the day will be mentioned. Some other common names for the DJX are the DJIA, Dow Jones, or just the Dow. For a person who pays little attention to the stock market or even for most investors, the Dow Jones Industrial Average is what they think of when they think of the stock market.

The DJX is composed of 30 stocks that represent a wide variety of industries and some of the largest companies in the United States. The stocks appear in Table 2.8. The small concentration of companies does take something away from the index being representative of the overall economy, but it continues to be the most commonly quoted index.

Table 2.8 Members of the Dow Jones Industrial Average




	Company
	Symbol





	Alcoa Inc.
	AA



	American Express Company
	AXP



	AT&T Corp.
	T



	Bank of America Corp.
	BAC



	Boeing Co.
	BA



	Caterpillar Inc.
	CAT



	Chevron Corp.
	CVX



	Cisco Systems
	CSCO



	Coca-Cola Co.
	KO



	E.I. Du Pont de Nemours
	DD



	Exxon Mobil Corp.
	XOM



	General Electric Company
	GE



	Hewlett-Packard Co.
	HPQ



	Home Depot Inc
	HD



	Intel Corp.
	INTC



	International Business Machines Corp.
	IBM



	Johnson & Johnson
	JNJ



	J. P. Morgan Chase Company
	JPM



	Kraft Foods Inc.
	KFT



	McDonald's Corp.
	MCD



	Merck & Co. Inc.
	MRK



	Microsoft Corp.
	MSFT



	Minnesota Mining & Mfg. Co.
	MMM



	Pfizer Inc.
	PFE



	Procter & Gamble Co.
	PG



	The Travelers Companies
	TRV



	United Technologies Corp.
	UTX



	Verizon Communications Inc.
	VZ



	Wal-Mart Stores Inc.
	WMT



	Walt Disney Co.
	DIS





Note that although the index is referred to as an industrial index, a variety of industries are represented by the DJX. For example, Wal-Mart and Home Depot are major retailers, Pfizer is a pharmaceutical company, and The Travelers Companies specializes in financial services. The industry weightings for the DJX appear in Table 2.9.

Table 2.9 Dow Jones Industrial Average Industry Weightings




	Sector
	Weighting





	Basic materials
	3.75%



	Consumer goods
	10.52%



	Consumer services
	13.24%



	Financials
	10.80%



	Health care
	7.78%



	Industrials
	22.46%



	Oil and gas
	9.83%



	Technology
	17.64%



	Telecommunications
	3.98%





The highest weighting of stocks in the DJX is represented by industrial companies, but only about a quarter of the performance of the index will be attributed to this market sector. A variety of other industries contribute to the DJX, which does result in an index that is representative of the overall economy in the United States. For instance, when consumer goods and services are combined, this area of the market represents about another quarter of the index's performance.

Finally, the CFE does not currently trade futures based on the VXD. However, from April 2005 to the middle of 2009 futures contracts based on this index did trade at the exchange.

CBOE NASDAQ-100 Volatility Index

Using quotes for options that trade on the NASDAQ-100 Index (NDX), the CBOE NASDAQ-100 Volatility Index is an indication of implied volatility on the NASDAQ-100 index. Trading with the symbol VXN, the index displays 30-day implied volatility for the NDX.

The NASDAQ-100 is an index composed of the 100 largest companies not involved in the financial sector that trade on the NASDAQ. The NASDAQ marketplace opened in 1971 as an alternative exchange to the traditional floor-based exchanges like the New York Stock Exchange. In 1985 the NASDAQ developed two market indexes to promote their exchange, one of which is the NASDAQ-100.

Table 2.10 shows the industry sector weightings that comprise the NDX. What is unique regarding this market index is the lack of financial and health care stocks in the index. The result is a focus on other industries with a very large weighting in the technology sector. In fact, the index is dominated by technology- and communications-oriented stocks, which when combined make up almost 75 percent of the index. Also, the SPX has approximately a 20 percent weighting in the financial sector, which results in the NDX and SPX having disparate performance at times.

Table 2.10 NASDAQ-100 Sector Weightings




	Sector
	Weighting





	Basic materials
	0.40%



	Consumer cyclical
	8.40%



	Communications
	24.40%



	Consumer noncyclical
	16.80%



	Energy
	0.50%



	Industrial
	3.10%



	Technology
	46.40%





Futures were also traded on the VXN from 2007 to 2009. As this index may experience higher volatility than some other market indexes, the demand for a return of these contracts may result in them being relisted at some point.

CBOE Russell 2000 Volatility Index

The Russell 2000 Index is composed of the 2,000 smallest companies that are in the Russell 3000 Index. Although representing two-thirds of the companies in the Russell 3000, which is composed of 3,000 of the largest publicly traded companies in the United States, the Russell 2000 only represents about 8 percent of the market capitalization of the Russell 3000. The Russell 2000 index is composed of small-cap companies, which mostly focus on domestic markets. This index has a great niche as a representation of domestic economic trends in the United States.

Russell Investments also calculates the Russell 1000 index, which consists of the 1,000 largest companies in the Russell 3000. The top third of those companies represents 92 percent of the market capitalization of the Russell 3000.

The ticker symbol RUT represents option trading on the index and, like the previous volatility related indexes, the Russell 2000 Volatility Index (RVX) attempts to show what the market is pricing in 30-day implied volatility for the index. At times the Russell 1000, Russell 2000, and Russell 3000 names are not entirely accurate. When, due to an acquisition, merger, or dissolution, a company ceases to exist as it had in the past, it may be replaced by a new company in a market index. These Russell indexes are actually reconfigured once a year at the end of June, with the number of stocks in each index taken back to the proper number.

Also, there is a minimum capitalization level for a company to be a member of the Russell 1000. When the indexes are rebalanced, the number of stocks in the Russell 1000 and Russell 2000 is very close to their respective numbers, but it may not be equal to the expected number of stocks in each index. For instance, after the 2010 rebalance the Russell 1000 consisted of 988 stocks and the Russell 2000 consisted of 2,012 stocks. The total of the two indexes results in all the stocks that make up the Russell 3000. The Russell 3000 makes up 99 percent of the market capitalization of the U.S. stock market.

Between the index restructuring dates, companies that cease to exist will be deleted from the indexes, but no replacement will necessarily be put in their place. However, company spinoffs and initial public offerings may be added between the June reconstruction dates. Those stocks are added on a quarterly basis.

RVX futures traded at the CBOE from 2007 through early 2010.

CBOE S&P 100 Volatility Index

When the VIX was originally quoted by the CBOE, the calculation was based on the implied volatility of the S&P 100 Index (OEX), not the S&P 500. When the calculation was altered in 2003, it was done so with part of the revision resulting in a focus on the S&P 500 as opposed to the S&P 100 index.

The CBOE S&P 100 Volatility Index (VXO) is actually the original VIX index, which was created in 1993. It continues to be calculated using the original methodology based on OEX options. Introduced in 1983 by the CBOE, OEX was the first equity index option product. Originally the index name was the CBOE 100 Index. Loosely translated, OEX could mean Option Exchange 100. The OEX and options listed on the index were so innovative that entire books were written on trading OEX options.

The OEX represents 100 of the largest companies in the United States. This results in the combined components of the OEX being close to 45 percent of the total market capitalization of publicly traded stocks in the United States. Also, almost 60 percent of the S&P 500 market capitalization is represented by the 100 stocks in the OEX.

Table 2.11 S&P 100 Index Industry Weightings




	Industry
	Weighting





	Consumer discretionary
	6.25%



	Consumer staples
	15.32%



	Energy
	15.86%



	Financials
	11.06%



	Health Care
	15.40%



	Industrials
	10.59%



	Information technology
	17.35%



	Materials
	1.03%



	Telecom services
	5.30%



	Utilities
	1.86%





Even with just 100 names, the OEX is a diversified index with all industry sectors being covered. Table 2.11 is a summary of the industry weightings of the OEX. Note the industry weightings of the OEX are as diversified as the S&P 500 even though there are fewer stocks in the index.

Amex QQQ Volatility Index

The Amex QQQ Volatility index is another measure of implied volatility of the Nadsaq market. The method behind this index is similar to the original volatility index calculation used for the VXO. The index indicates the forward-looking volatility for the QQQ based on option prices. To get a true option contract value, the midpoint of the bid-ask spread is used as the option price input for the calculation.

The CBOE and CFE currently trade options and futures only on the VIX index. However, these alternate VIX indexes may be used to gain insight into market activity. The VIX and other index-related volatility indexes are excellent representations of what sort of near-term volatility is expected from the overall stock market according to the implied volatility of index options. Each of the indexes that have VIX representation have slightly different components and may indicate that there is higher expected volatility in one sector as opposed to others.

Before we tackle strategies, there are a few chapters dedicated to the derivatives that trade on volatility. These instruments are introduced in Chapter 3. In Chapter 4, options on the VIX index, which started trading at the CBOE in 2006, will be introduced. In late 2010, weekly options that settle in a position in a VIX futures contract began trading on the CFE. These VIX options are discussed in Chapter 5. Finally, in 2009 trading of exchange-traded notes (ETNs) based on the VIX began. These ETNs will be discussed in Chapter 6.
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