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Black and Scholes

• Returns are log-normally distributed.
• The price of a European call option with exercise price K at time
T on a stock currently trading at S is given in close form.

C = f(S, T, r,K;σ)

• This price is increasing in volatility (σ).
• The implied volatility is used as a quoting convention and is

given by:

IV = f−1(S, T, r,K)





Overview

Two central issues in empirical option pricing:

1. Model specification: identifying and modeling the factors that
jointly determine returns and option prices.

2. Quantifying the risk premia associated with the factors.

The literature disagrees over the importance of jumps in prices or in
volatility and on the magnitude and significance of volatility and
jump risk premia.





This paper:

Use an extensive data set of S&P 500 futures options form January
1987 to March 2003 to shed light on the following issues:

1. Is there option-implied time-series evidence for jumps in
volatility?

2. Are jumps in prices and volatility important factors in
determining the cross section of option prices?

3. What is the nature of the factor risk premia embedded in the
cross section of option prices?



Model under the P measure

The equity index price, St, and its spot variance, Vt, solve:
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where,
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t are two correlated Brownian motions.
δt is the dividend yield.
γt is the equity premium.
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Parameterizing the change of measure

The price of an asset is given by:

P = EP [MtXt] = EQ [Xt]

The change of measure or SDF:

dQ
dP

= Mt = MD
t M

J
t



Model under the Q measure
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Risk premia:
• µs − µQ

s is the mean price jump risk premium.
• σQ

s − σs is the volatility of price jumps risk premium.
• ηv = κQ

v − κv is the diffusive volatility risk premium

The price of a European call option on the futures is:

C(Ft, Vt,Θ, t, T,K, r) = e−r(T−t)EQ
t [(FT −K)+]



Empirical strategy

• The model places joint restrictions on the return and volatility
dynamics under P and Q.

• Fix some parameters that they take from previous studies (P) and
choose the rest to match the panel of implied volatility curves.

• They use the following criterion function.

(Θ̂Q, V̂t) = argmin
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Jump risk premia is important

• Jump risk premia is important and accounts for one third of the
equity premium.

• Where does this process come from?


