. Chapter 18

Volatility Smiles




Implied Volatilities

@ Implied volatilities are predictions on future
volatilities derived from market option prices

& In theory, the implied volatilities should be equal
2 for calls and puts with the same X and T-t
2 for different strike prices

and is possible to be different for different maturities.



Volatility Smile

@ It is the relationship between implied volatility and
strike price for options with a certain maturity.

& A volatility smile shows the variation of the implied
volatility with the strike price



The Volatility Smile for Foreign
Currency Options

y Implied
Volatility

~_

Strike

Price




5

Implied Distribution for Foreign
Currency Options

¢ Both tails are heavier than the lognormal distribution

& It is also more peaked than the lognormal distribution

Figure 16.2 Implied and lognermal distribution for foreign currency options.




Historical Analysis of Exchange
Rate Changes

Real World (%) | Normal Model (%)
>1 SD 25.04 31.73
>2SD 5.27 4.55
>3SD 1.34 0.27
>4SD 0.29 0.01
>5SD 0.08 0.00
>6SD 0.03 0.00




How to Make Money from VS?

& Business Snapshot 18.1



Possible Causes of Volatility Smile
for Foreign Currencies

% Exchange rate exhibits jumps rather than continuous
changes

% Volatility of exchange rate is stochastic



The Volatility Skew for Equity Options
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Implied Distribution for Equity Options

@ The left tail is heavier than the lognormal distribution

@ The right tail is less heavy than the lognormal distribution

Figure 16.2 Implied and lognormal distribution for foreign currency options.
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Reasons for Smile in Equity Options

& Leverage

@ Crashophobia
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Other Volatility Smiles?

% What is the volatility smile if
2 True distribution has a less heavy left tail and heavier right tail

@2 True distribution has both a less heavy left tail and a less heavy
right tail



Volatility Skew for Yahoo Stock
Options
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Volatility Skew for Citi Stock Options
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Ways of Characterizing the Volatility

Smiles

Y
w

Plot implied volatility against K/S,

Y
w

Plot implied volatility against K/F,

@2 Note: traders frequently define an option as at-the-money when K
equals the forward price, F, not when it equals the spot price S,

Y
w

Plot implied volatility against delta of the option

@2 Note: traders sometimes define at-the money as a call with a delta of
0.5 or a put with a delta of —0.5. These are referred to as “50-delta

options”



Volatility Term Structure

% In addition to calculating a volatility smile, traders
also calculate a volatility term structure

@ This shows the variation of implied volatility with
the time to maturity of the option

@ The volatility term structure tends to be downward
sloping when volatility is high and upward sloping

when it is low
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Volatility Term Structure for Citi Stock
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Volatility Surface

@ The implied volatility as a function of the strike price
and time to maturity is known as a volatility surface
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Example of a Volatility Surface

Strike Price

0.90 0.95 1.00 1.05 1.10
1 mnth 14.2 13.0 12.0 13.1 14.5
3 manth 14.0 13.0 12.0 13.1 14.2
6 mnth 14.1 13.3 12.5 13.4 14.3
1 year 14.7 14.0 13.5 14.0 14.8
2 year 15.0 14.4 14.0 14.5 15.1
5 year 14.8 14.6 14.4 14.7 15.0
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Volatility Smiles When a Large
Jump is Expected

& At the money implied volatilities are higher than that
in-the-money or out-of-the-money options (so that
the smile is a frown!)



Determining the Implied
Distribution

c=c [ (S =K)g(8,)ds,

o°c .
oz ¢ )

If ¢,¢,,and ¢, are call prices for strikes
K—-06,K,and K + 6 then

T € Fey—2¢,

g(K)=e 52




A Geometric Interpretation

Payoff

N ;

K-6 K K+%

Assuming that density is g(K) from k-4 to
K+5, ¢, +c; —C, = e ' 2 g(K)
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Model-free Implied Volatilities

¢ MR E B,
= Demeterfi, Derman, Kamal and Zou (1999)

z2 Britten-Jones and Neuberger (2000)

= VIX(2003)

@2 Jiang and Tian(2007): ik iS04
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Model-free Implied Volatilities

=2 Demeterfi, Derman, Kamal and Zou (1999)
F 2 (T S, s 1 rre 1
E (Var)= T{rT [0 ~1]-In e | P(K)dK +e L*PC(K)dK}

0

z2 Britten-Jones and Neuberger (2000)
rT
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@2 Jiang and Tian(2007)
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Implied Volatility and Future Volatility
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