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Political referenda and elections are a source of great volatility in financial markets 
because of their unknown outcomes.
At times of political uncertainty, options can convey important information as a 
vehicle to understand the risks that events can generate. Therefore, option pricing 
becomes a powerful tool for market practitioners as a way to quantify the fear that 
that market participants attach to the likelihood of extreme outcomes. From option 
prices, the probability of the future prices of an asset can be obtained whereby the 
amount of probability of these “tail events” attached by industry practitioners is 
deducted. 
Brexit provides us with an interesting example: by considering the options on 
GBPUSD and GBPEUR and comparing these to the odds markets, it is possible to 
measure the fear that the referendum generated. 

INTRODUCTION

Options are a particular class of financial derivatives contracts and they are 
distinguished between “call options”, which give the holder the right to buy the 
underlying asset by a certain date for a certain price, and “put options”, which give 
the holder the right to sell the underlying asset by a certain date for a certain price. 
Most of the options traded are either American- or European-style: the first type can 
be exercised at any time up to maturity, while the second only on the maturity date. 
An option can be “at-the-money” if the stock price S equals the strike price K, ”in-
the-money” if S > K, “out-of-the-money” if S < K. Hedgers use options as insurance 
against the risk that they face from future movements of the asset price. 
The prices of European-style options are determined by the Black-Scholes-Merton 
(BSM) formula (1972):
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BSM formula states that the price of the European option depends on five factors: 
(i) current underlying price, 𝑆&;
(ii) strike price, 𝐾;
(iii) time until expiration, 𝑇;
(iv) risk-free interest rates, 𝑟;
(v) volatility, 𝜎. 
The Black-Scholes-Merton formula assumes that there are no transaction costs, no 
arbitrage opportunities, continuous hedging, unlimited liquidity, normally 
distributed returns and a geometric Brownian motion for the underlying assets, 
which reads: ∆F
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The change in the stock price S in a small time interval Δ𝑡 is given by the discrete 
approximation to the return provided by the stock in such a period of time. 
Therefore, ∆F

F
~	𝜙(µΔ𝑡, 𝜎0Δ𝑡), meaning that the change in price is approximately 

normally distributed with mean µΔ𝑡 and standard deviation 𝜎Δ𝑡.  

OPTION PRICING

Risk-neutral density functions can be estimated from volatility smiles. According to Breeden and Litzenberger (1978), these risk-neutral density functions are equal to: 
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𝑔 𝐾 can be estimated as follows: suppose 𝑐), 𝑐0, 𝑐R are the prices of T-year European call options with strike of 𝐾 − 𝛿, 𝛿, 𝐾 + 𝛿 respectively. Then, for a small 𝛿, 
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FROM IMPLIED VOLATILITY TO RISK-NEUTRAL PROBABILITY DISTRIBUTIONS

Black-Scholes-Merton formula can be extended to price foreign exchange options. Foreign currency options will display a pronounced volatility smile: volatility is not constant 
as predicted by Black-Scholes-Merton’s equation and therefore jumps are likely to occur. 
By looking at the options on GBPEUR and GBPUSD, it is possible to infer this relationship:
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This implies that the implied volatility is low for at-the-money options and greater for out-of-the-money or in-the-money options. 
From the volatility smile given by options with a given maturity, it is possible to deduct the risk-neutral probability distribution for the exchange rates:
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BREXIT

CONCLUSION
Polls were not a good predictor for Brexit. However, options markets were. Fat tails 
and left skewness of the implied distributions are good indicators of the risk that the 
referendum caused in financial markets. Similarly, the increase in the volatility 
displays that the uncertainty generated by the referendum was high and calls were 
increasingly in-the-money. 
Option pricing can be a very important and useful tool to gauge and quantify the 
fear generated by tail events.
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Francesco Spizzuoco

Unraveling the Informational Content of Options during Times of Political Chaos 

One of the parameters of the Black-Scholes-Merton pricing equation that cannot be 
observed directly is the volatility of the stock price, 𝜎, also known as “implied 
volatility”. The formula assumes that implied volatility is constant; however, 𝜎
depends on the strike price and time to maturity. This relationship has been described 
as “volatility smile curve”: the option, with exercise price substantially higher or 
lower than the price of the underlying, displays higher implied volatility. 

VOLATILITY SMILE CURVE

FOREIGN CURRENCY OPTIONS

The Brexit referendum is an interesting example of how it is possible to quantify the fear of a risky outcome through foreign currency options. Polls identified ‘Breremain’ as a 
more likely outcome than ‘Brexit’.
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From a hedger perspective, options are a form of insurance; therefore, in light of these polls, market practitioners should not have worried too much about a Brexit outcome 
because it was deemed to be unlikely. However, traders perceived Brexit as “tail event” and, as such, a very risk event; this higher risk pushed the insurance premium up, leading 
to a higher price for the options. The volatility smile curves and the implied distribution of the options on GBPUSD and GBPEUR two days before the referendum with maturity 
on June 26, 2016 indeed show greater uncertainty about the outcome of the referendum as well as more fear of market participants who insuring themselves against the tail risk. 

The implied distributions are leptokurtic and left-skewed, which highlight both the 
probability of extreme movements of the exchange rates, expressed in the fatter 
tails, and the uncertainty aversion of market participants.

BREXIT (cont.)
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1-2, 4-5 Options on GBPUSD and GBPEUR, data retrieved from Reuters
3 Brexit Poll Tracker, Financial Times: https://ig.ft.com/sites/brexit-polling/


