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C H A P T E R 1

Understanding
Implied

Volatility

In this book, we will discuss the ins and outs of a popular market in-
dicator, or index, that is based on implied volatility. The indicator is
the CBOE Volatility Index R©, 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 con-
tracts. Since option prices are the result of market forces, or increased lev-
els 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 understand-
ing 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 re-
view 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
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2 TRADING VIX DERIVATIVES

recent trading activity for a stock or other security. The historical volatil-
ity 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 be-
cause 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 im-
plied 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 dramati-
cally 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 pub-
lic in the form of its recent earnings results. This earnings release may also
include statements regarding business prospects for the company. This in-
formation 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 see-
ing 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
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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 unpre-
dictable, and at times homeowners have little time to prepare for a storm.
Using homeowners insurance as a substitute for an option contract, con-
sider 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 protec-
tion 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 antici-
pation 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.
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PUT-CALL PARITY

Put and call prices are linked to each other through the price of the un-
derlying 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 com-
ing 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 correspond-
ing 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, con-
sider the options and stock in Table 1.1.

Using the XYZ 50 Put combined with XYZ stock, a payout that repli-
cates being long the XYZ 50 Call may be created. The combination of own-
ing 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.

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

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

XYZ at
Expiration

Long XYZ
Stock

Long XYZ
50 Put

Long Stock +
Long Put

Long XYZ
50 Call

45.00 −5.00 3.00 −2.00 −1.00
50.00 0.00 −2.00 −2.00 −1.00
55.00 5.00 −2.00 3.00 4.00

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 expira-
tion. The payout diagram in Figure 1.1 shows how the two positions com-
pare at a variety of prices at expiration.

The lines are parallel throughout this diagram. The higher line repre-
sents the profit or loss based on buying the 50 call. The lower line repre-
sents 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 at-
tempt to take advantage of this opportunity through buying the cheaper call
option and selling the comparable more expensive put option. The market

–2.50

0.00
47.50 50.00 52.50

2.50

5.00

7.50

FIGURE 1.1 Payout Diagram Comparison
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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 secu-
rity 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 op-
tion 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 stan-
dard 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 ex-
pected 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 in-
put the pricing variables that determine the value of an option with the
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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 calcula-
tor 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 se-
curity, 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 deter-
mine 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 op-
tion calculator.

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,

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
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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.

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. How-
ever, the market is pricing in a higher implied volatility level. This is
determined before any numbers or formulas have been run just by com-
paring the option market price and the option value assumption that re-
sulted 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 volatil-
ity 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

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%
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TABLE 1.5 Impact of a 5 Percent Increase in
Implied Volatility

Implied Volatility 30% 35%
Option Price 1.45 1.70

option value that resulted from a 30 percent implied volatility, the expec-
tation 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 compar-
ison 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.

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

To recap, there is a direct link between the demand for option con-
tracts and their prices in the marketplace. This is regardless of changes
occurring in the underlying stock price. With demand in the form of buy-
ing pressure pushing option prices higher or an increase in selling occur-
ring 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 fluc-
tuate 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.
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Every publicly traded company in the United States reports its earn-
ings 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 infor-
mation 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 confer-
ence 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.

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 trad-
ing day until expiration after the news was released. The difference in im-
plied volatility between the options that have one trading day left and those
that have just under a month left is pretty significant.

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

AMZN @ 120.07

Call Strike July 23 Call July 23 Call IV Aug 21 Call Aug 21 Call IV

115 7.00 163% 9.25 48%
120 3.92 156% 6.25 45%
125 1.82 148% 4.05 45%

Put Strike July 23 Put July 23 Put IV Aug 21 Put Aug 21 Put IV

115 1.92 159% 4.05 48%
120 3.82 155% 6.20 47%
125 6.75 148% 8.90 45%
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This difference stems from the options that market participants would
use as a short-term trading vehicle related to Amazon’s earnings announce-
ment. 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):

9.76% = 155%/15.87

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

C A L C U L A T I N G S I N G L E - D A Y
I M P L I E D V O L A T I L I T Y

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.

1 Day Movement = Implied Volatility/Square Root of 252

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.
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TABLE 1.7 Implied Volatility Changes Approaching Amazon Earnings

Date AMZN 120 Call 120 Call IV

July 15 120.13 4.80 71%
July 15 122.06 5.92 78%
July 16 118.49 4.00 84%
July 19 119.94 4.33 87%
July 20 120.10 3.95 90%
July 21 117.43 2.73 111%
July 22 120.07 3.92 155%

As a refresher from college statistics: One standard deviation in statis-
tics 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 im-
plied 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 ap-
proaches. Implied volatility for other options rises in the same way, since
120 is the closest strike to the stock price when the option started trad-
ing 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.

The first row is the opening price for the weekly option and under-
lying 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.



P1: OTA
JWBT528-c01 JWBT528-Rhoads June 23, 2011 13:59 Printer: Courier Westford

Understanding Implied Volatility 13

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 re-
sults in higher implied volatility. However, other factors such as the under-
lying price, time to expiration, and interest-rate levels also determine the
price of an option. These other factors are not impacted through the buy-
ing 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 instru-
ment. 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.

If options for the underlying stock usually trade with an implied volatil-
ity 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 im-
plied volatility level of 20 percent. When implied volatility rose to 30 per-
cent 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

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%
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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 mar-
ket 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 im-
plied 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.


