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Outline

• Monte Carlo Simulations
– Single Factor Models
– Multi-Factor Models

• Trinomial Trees
– Implied Trinomial Trees
– Pricing General Path Dependent Options
– Pricing Asian Options
– Pricing Swing Options



Single Factor Model Simulations

• Monte Carlo Simulation

• Single Factor Simulation (Schwartz model)
– Logprice:
– Discretised: 
– : Simulated by 
– Simulated price:



Single Factor Model Simulations

• Futures Option Pricing (Schwartz model)
– Payoff: 

• can be calculated analytically
– Simulation:



Single Factor Model Simulations

• European Futures Options: Results



Single Factor Model Simulations

• Variance Reduction Techniques
– Antithetic variants



Single Factor Model Simulations

• Convergence of Monte Carlo Simulations



Single Factor Model Simulations

• Valuing Spread Options
max(0, F(T,s1)-F(T,s2)-K)



Single Factor Model Simulations

• Valuing European Energy Swaptions
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Single Factor Model Simulations

• Incorporating Seasonality into Simulations



Single Factor Model Simulations

• Valuing European Futures Option with 
Seasonal Volatility



Single Factor Model Simulations

• Computation of Hedge Sensitivities
– Finite difference approximation



Multi-Factor Model Simulations

• Simulation of Multi-Factor Models 
(Schwartz model)
–

–



Multi-Factor Model Simulations

• Logprices

• Results



Simulation Methods

• Generation of the Random Numbers
– Polar rejection method

– Quasi Monte Carlo



Simulation Methods

• Valuing Path Dependent Options
– Barrier options



Simulation Methods

• Valuing Path Dependent Options
– Lookback options



Simulation Methods

• Valuing Path Dependent Options
– Asian options



Trinomial Trees

• Revised Single Factor Schwartz Model
– Consistent with observed forward curve

– Building trees with 

• Space step: 



Trinomial Trees

• Transition probabilities

• Make Trees Consistent with Future Curves
– Displacing nodes at       by    



Trinomial Trees

• Achieving
– Define      as the value, at time 0, of a security 

that pays $1 if node (i,j) is reached, or $0 
otherwise. (Arrow-Debreu securities)

–



Market Forward Curves



Fitted Spot Price Trees



Trinomial Trees



Implied Trinomial Tress

• Generalized Trinomial Trees
• Making Constant Parameters (e.g. 

probabilities) Time Dependent
• See Chapter 5, Implementing Derivatives 

Models, by Clewlow and Strickland, 1998, 
John Wiley, London



Pricing General Path Dependent 
Energy Options in Spot Price Trees
• General Base Function:

• Values at Maturity:

• Backward Programming:



Pricing Asian Energy Options in 
Spot Price Trees

• Pricing Asian Energy Options
– Average taken on fixed dates
– Base function:



Pricing Asian Energy Options in 
Spot Price Trees

• Branches



Pricing Asian Energy Options in 
Spot Price Trees



Pricing Swing Options in Spot Price 
Trees

• “Take-or-Pay” Option
– Dates:
– Strike prices:
– Maximum volume each day:
– Minimum overall volume:

• Penalty price for volume less than        :  

• Decision at Maturity



Summary

• Monte Carlo Simulations: 
Flexible for path dependent options, can 
easily be extended to handle seasonality 
and to implement multi-factor models

• Trinomial Trees: 
Allows pricing options with early exercise 
opportunities
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