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Binary Payoff and Replication
A binary (or digital) cash-or-nothing call option 
has the following payoff, with K the strike price 
and S the underlying asset:

K Underlying asset price at expiry

1

0

Payoff

This payoff can be replicated by a call spread with 
strikes K1 = K - dK and K2 = K + dK, and                    
a quantity = 1 / (2 x dK) with dK small enough
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Binary Payoff and Replication



Binary Call Price 
in Black-Scholes Model

In the Black-Scholes framework there is a closed 
form solution for the price of a call option:

The price of the binary call is equal to the 
probability that the option will be exercised times 
the discount factor:

If we assume that the only changing variable is the 
strike price, the price of a binary call is equal to the 
opposite of the derivatives of the call price with 
respect to the strike price:

It can be proxy by finite difference method:



Binary Call Price 
in Black-Scholes Model

What if the implied volatility is not 
constant?



We assume that the implied volatility is no more 
constant, it is a function of the strike price. σ(K) is 
the implied volatility of a call option at the strike K.

Strike

Implied 
Volatility

σ(K)

K

skew = dσ / dK = σ’(K)dK
> 0 when σ’(K) < 0 

Skew Sensitivity 
of a Binary Call Option

Black-Scholes price

dσ



Skew Sensitivity 
of a Binary Call Option

> 0 when σ’(K) < 0 

Black-Scholes price



Skew Sensitivity 
of a Binary Put Option

< 0 when σ’(K) < 0 

Black-Scholes price

A binary (or digital) cash-or-nothing put option 
has the following payoff, with K the strike price 
and S the underlying asset:

K Underlying asset price at expiry
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And it can be replicated by a put spread:
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Disclaimer
This document is for educational and information purposes only.

It does not intend to be and does not constitute financial advice, investment 
advice, trading advice or any other advice, recommendation or promotion of any 
particular investments.


