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I – Motivations: Theoretical & Empirical facts

• Basic assumptions of Black & Scholes (73) world are violated 
(Bekaert & Wu [2000], Black [76], Schwert [89,98]).

• Non-normality and asymmetry in asset returns are observed.

⇒ Systematic valuation biases (time-varying volatility / volatility 
as a function of moneyness).

• The shorter the maturity of options, the higher the biases 
(Brown & Robinson [2002]).

⇒ Higher moments of the distribution of the underlying stock’s 
terminal price allow for reducing those biases (Brown & 
Robinson [2002], Corrado & Su [96,97]).
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I – Our viewpoint

• Asymmetry in asset returns comes from the 
combination of or tradeoff between two main sources 
of risk.

• Asset return & Sharpe (63) ⇒ systematic risk factor 
component and idiosyncratic risk factor component.

• There is a wide literature about such components: 

– Daves et al. (2000);

– Malkiel & Xu (2002, 2003); 

– Campbell et al. (2001).
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II – Basic framework

• Any stock’s evolution depends on a systematic factor and an 
idiosyncratic factor of risk, which are independent.

• Let St
i, Mt, It

i and βi be respectively the current price of stock 
i, current systematic and idiosyncratic risk factor levels, and 
finally the stock’s beta (Sharpe [63,64]).

• Under specific constraints in the historical universe, we set:

i
tIIi

t

i
t

tMM
t

t

i
tt

i
t

dWdt
I

dI

dWdt
M

dM
IMS

ii

i

σµ

σµ

β

+=

+=

=



14th/17th December 2005 6

II – Combination of risks & risk level

• Finally, we get the global dynamic of stock i in the 
historical universe:
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II – Risk-neutral universe (1/2)

• Hence, the stock’s global dynamic in the risk-neutral 
universe rewrites:
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II – Risk-neutral universe (2/2)

• Risk tradeoff: Risk-neutral densities at maturity T 
with r=8%, T-t=0.25 year, Mt=1, It

i=0.8, σM=1.1, 
σIi=0.3, and βi=0.8.



14th/17th December 2005 9

III – European call pricing
• All the assumptions of the BS (73) world hold here.

• A European call on stock i with strike K, maturing in  τ=T-t
year(s) is priced as C(τ, St

i, Mt)=EQ[e-rτ Max(0,ST
i-K)/Ft] 

under risk-neutral probability Q.

• Our closed-form pricing formula writes:
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III - Greeks

• The sensitivity of our European call pricing to key 
parameters is as follows:
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IV - Data

• Daily data from 2nd January to 26th March 2002 (60 
observations per series).

• Closing prices of 10 French stocks + 1 French stock index 
(CAC40 Index).

• Related European calls with different strikes.
• Options’ maturity: 27th March 2002 (three-month European 

stock calls).
• No dividend paid over our time horizon.
• One-, two-, and three-month French risk free rates.
⇒ Quadratic interpolation of French risk free rates to match 

European calls’ time to maturity.
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IV – Implied parameters
• Unobserved key parameters (to be estimated):

◊ Two-factor pricing: σSi, σM, and βi.
◊ BS (73) pricing: σSi.

• Quadratic minimization problem at each time t:
◊ BS (73): 1 step

◊ Two-factor pricing: 2 steps

⇒ Time varying implied parameters!
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IV – Implied parameters estimates

• Statistics about implied global volatilities (two-factor vs. BS):

Two-factor BS (73)
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IV – Implied parameters estimates
• Statistics about implied betas and idiosyncratic volatilities 

(two-factor):

Betas Volatilities
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IV – Two-factor vs BS(73) option pricing

• Compute the mean absolute pricing error for each 
option pricing methodology.

• Criterion: minimize the mean absolute error.
• Results: In 94.74% of cases (over 38 call prices), the 

mean absolute error is smaller for the two-factor 
pricing than for BS (73) one.

• BS (73) performs better only for two European call 
prices, which are near-the-money calls. Related 
stocks cross many times the corresponding strike 
thresholds…
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V – Concluding remarks
• Any stock’s price results from the combination of two 

independent systematic and idiosyncratic risk factors.
→ Mixture of Gaussian distributions.
• We deduce an analytic risk-neutral European call pricing.
→ BS (73) becomes a special case of our pricing framework 

when βi is zero.
• Our two-factor pricing adds two more parameters as 

compared to BS (73) setting, namely σM and βi .
• Empirical application on French stock & European call data
→ Daily closing prices.
• Implied time varying parameters: volatilities and betas.
• The two-factor option pricing performs generally better than 

BS (73) one.
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The end...

Thank you for your attention!!!
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