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In particular: two-assets and three-assets spread options 

 
The problem: Random strike options with payoff of the form: 

 



 
Motivation examples: 

 

Price  at another end location 

plus transportation cost 

(geographical spread option) 

Price  at another time plus the 

storage cost (calendar spread 

option) 

Emission 

price 

Production 

cost Fuel price 



 
Two-assets spread options, K=0  

(Margrabe formula, exact) 
 
 

Two-assets spread options, general case  
(Kirk’s formula, approximation)  

 
 

 

State of the art 
 

(here r=0 for simplicity) 



Three-assets spread options 
(Alòs, Eydeland and Laurence, approximation) 

 
 

 
 
 
 

(here r=0 for simplicity) 



 
 
 

 

Some problems 
 

The above formulas are constant volatility approximations, that 

are extremely simple and very accurate… except for very high 

positive correlations 

(from Alòs, Eydeland and Laurence (2011)) 



 
 
 

(from Alòs, Eydeland and Laurence (2011)) 

Why? And…How can we improve 

these formulas in a simple way? 



 
 
 

a) We obtain a first approximation formula (where the 
volatility is constant with respect to the stock price) 

 
a) We study the dependence of the implied volatility 

with respect to the stock price (the at-the-money 
slope of the implied volatility) 

 
a) We use the results in b) to correct the results in a) 

and to obtain a second-order approximation formula  
 

 

The procedure 
 



 
 

the conditional 
expectation of the 
strike 

the implied 
volatility 
approximation 

A first-order approximation formula 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The decomposition formula 

Malliavin derivatives 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The implied volatility slope 

From the decomposition formula we can prove that 



Two-assets spread options  
(r=0 for simplicity) 



The effect of the correlation 



An improvement of Kirk’s formula 



The three-assets case 

Many thanks! 


