
Black’s model (1976) 

 

The original motivation of the Black’s model (1976) was to extend the Black 

Scholes (1973) model for the case of commodity futures. Fisher Black came 

up with a pricing model that in much respect is very similar to the Black 

Scholes model with the two differences being an adjustment on the drift term 

and on dependence in time of the volatility. Interestingly, this model developed 

initially to price options on futures have turned out to be a successful tool to 

price more options, and in particular option on interest rates like bond options, 

caps, floors, and swaptions. Consequently, it has become the standard option 

pricing model for vanilla interest rates derivatives. 

The Black Scholes (1973) model applies only to an option on a security whose 

returns under the risk neutral probability measure is the risk free rate and 

whose volatility is constant. When examining futures, the assumption of a drift 

risk free rate return is violated since a futures contract can be shown to be 

driftless. Intuitively, Futures contract should have zero drift because entering a 

futures contract is worth zero value. Futures contracts are continuously mark-

to-market with payment equal to margin calls (see Futures market overview). 

Margin calls strip out in a sense the drift. Alternatively, one may view the 

Black’s formula as the Black-Scholes model with a continuous dividend yield, 

or cost of carry, equal to the risk-free rate. 

Options on futures are an important market with a wide range of options, 

ranging from option on commodity futures like on crude oil, metals, and 

cereals, through option on equity stock indices to option on bond futures. Like 

for a normal option, the buyer (or holder) of an option on futures has the right 



but not the obligation to purchase (for call and to sell for a put) the futures 

contract at maturity at a certain price called the strike or exercise price. If at 

the expiry date, the option is exercised, the option holder acquires a long (for 

a call and a short position) the underlying futures. 

To value option on futures, Black made two new assumptions compared to 

the standard Black Scholes model. First, the underlying asset is with zero drift. 

Second, the volatility is time dependent. This second refinement is often less 

emphasised as market still quote a constant volatility for option. A time 

dependent volatility is a partial answer to the non-lognormality of the 

distribution of the underlying asset, often referred to as smile and skew (see 

volatility: implied, and also volatility skews and smile). 

Denoting by tW  a standard Brownian motion or Wiener process (see Wiener 

process), the diffusion in this model is a geometric Brownian motion with time 

dependent volatility tσ  (equation 1). Although equation (1) was originally 

written under the risk neutral probability, modern interpretation can be done in 

terms of forward neutral probability: 
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In fact, equation (1) is the risk neutral diffusion for the underlying of a futures 

contract, but the forward neutral diffusion for the underlying of standard 

interest rates derivatives like caplets, floorlets and swaptions. 



Denoting by 

•  0F  the spot futures price 

•  K  the strike price 

•  

T  the time to maturity 

•  ( )TB ,0 the risk free zero coupon bond price (often computed in terms of 

the risk free rate r  ( ) rTeTB −=,0  
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2σ
the integrated volatility 

It is easy to show (using similar proof as in the Black Scholes model) that the 

price of a call option should be given by 
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and similarly for put 

( ) ( ) ( )[ ]12,0 dFNdKNTBP −−−=  

This model is very easy to implement as the code below (for visual Basic) 

shows. 

Public Function BlackOptionPrice(F As Double, Strike As Double, T As _ 

Double, r As Double, Vol As Double, CallPutFlag As String) As Double 



 Dim d1 As Double, d2 As Double 

 d1 = (Log(F / Strike) + (Vol ^ 2 / 2) * T) / (Vol * Sqr(T)) 

 d2 = d1 - Vol * Sqr(T) 

If CallPutFlag = "c" Then 

 BlackOptionPrice = Exp(-r * T) * (F * Application.NormSDist(d1) - Strike * 

Application.NormSDist(d2)) 

ElseIf CallPutFlag = "p" Then 

 BlackOptionPrice = Exp(-r * T) * (Strike * Application.NormSDist(-d2) - F * 

Application.NormSDist(-d1)) 

End If 

End Function 

Below are given a graphic of the prices of call (figure1) as well as the call 

price for various set of parameters (table 1) 
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Figure 1: example of C


