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Introduction

• Stochastic volatility (SV) models have become important tools for 
modelling the volatility of financial time series 

• Prices of options based on SV models are shown to be more 
accurate than those based on the Black-Scholes model 

• SV models offer an alterative to GARCH-type models to explain time 
varying volatility 

• Empirical successes of lognormal SV model relative to GARCH-type 
models

→ Lognormal SV model is the most widely used SV model
(pricing stock and currency options)



• However, there is a lack of procedure for selecting an appropriate 
functional form of stochastic volatility → Possibility of Mispricing 
options and varying marginal distribution of volatility 

• Nonlinear SV model:
– It includes as special cases many SV models, hence, it is easy to test 

different specifications on SV
– In fact, specification test is based on a single parameter
– Furthermore, this way of modelling SV induces marginal normality of 

volatility  
– Smoother volatility series 
– Most importantly, an application of nonlinear SV model to option pricing 

shows that lognormal SV model overprices currency options  



A Class of Nonlinear SV Models

• The lognormal SV model:

– X(t) – continuously compounded return
– e(t), v(t) are two sequences of i.i.d N(0,1) random variables with

• Equivalent representation of this model: 



• The lognormal SV model specifies that the logarithmic volatility
follows an AR(1) process → However, the data do not always 
support this relationship 

• A natural generalization to this problem is to allow a general 
(nonlinear) smooth function of volatility to follow an AR(1) process →

– e(t), v(t) with same properties as on the previous slide
– h(. , δ) is a smooth function indexed by a parameter δ and is a general 

nonlinear function (Box-Cox power function):



• Some features of this nonlinear SV model (N-SV):

– Includes other SV models 
– Adds great flexibility to the functional form
– Allows a simple test for the lognormal SV specification (e.g. H0: δ = 0 or 

tests on other SV specifications)

• Let and re-write the N-SV model:

where 



The N-SV model includes the following SV models



• Some basic properties of the N-SV model: 
– h(t) is stationary and ergodic if and that if so

– Some properties make GMM and QML difficult to implement for N-SV
• Almost impossible to obtain analytical form for the moments of the model
• Non-linearizable mean equation

• Interpretation of δ:
– Define m = 1/δ and re-write the inverse Box-Cox transformation yields

– Let {h(it)} a sequence of intra-day volatility movement → it is primarily 
caused by the arrival of new information → m is the average daily 
information arrival and h(t) represents the average impact of the 
information on volatility 



Implications on Option Pricing

• Pricing of European call options by approximation via MC 
simulations

• Based on Black-Scholes price integrated over the distribution of the 
mean volatility:

• Data set: 
– daily Dollar/Pound, Dollar/CD, Dollar/FF, Dollar/GM, Dollar/JY exchange 

rates 
– Sample period: from January 1, 1986 to December 31, 1998









Conclusions and Extensions

• Dollar/Pound:
– One has to reject all SV models → evidence of N-SV
– Lognormal SV model tends to overprice the options
– N-SV model tends to generate smoother volatility series

• Dollar/ . :
– Indicating suitability of lognormal SV model
– Marginal distribution of volatility well approximated by lognormal 

distribution
– Empirical results are reliable

• Possible extensions:
– Incorporate jumps and long memory volatility into the model 
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