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Physical and financial Commodity Markets
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Commodity Spot and Forward Price Drivers (Examples)

Medium/

Long

Short

Term

� Consumption by mature and 

emerging economies

� Substitution by technological 

advances

� Institutional investment 

(commodity index trackers etc.)

� Total reserves         

(including recycling where 

applicable)

� Total production capacity

� Total stocks available

� Availability / usage of 

production capacity

� Availability / usage of 

transport capacity

� Weather conditions (where 

applicable)

Supply

� Announcement of events 

possibly disrupting supply 

(stockpiling)

� Weather conditions

� Speculative trading

Demand
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Forward Curve Structure and Dynamics

Backwardation

Spot Price

Forward Price

Contango

Basis > 0

Basis < 0

� In many commodity markets, trading activity is 

concentrated in forward / futures markets

→ underlyings for commodity derivatives

� Understanding of forward price curve dynamics 

is key to successful modelling of commodity 

derivatives

� Physical demand can lead to short-term forward 

prices rising above long-term prices 

(“backwardation”) [1]

� Demand for immediacy is reflected in the 

“convenience yield”

Ft
T =         St +         FCt

T +         SCt
T - CYt

T

Anticipation of supply 

shock: Demand for 

immediacy increases

Maturity

Forward price 

for maturity T 

at time t

Spot price Financing cost Storage cost Convenience yield

Basis
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Challenges for Modelling

Low volatility regime

High volatility 

regime

Convenience yield dynamics

Correlated forward curve dynamics

Jumps and “spikes” (i.e. positive jump 

shortly followed by negative jump)

Seasonality patterns

Mean reversion with fluctuating “mean”

Spot price dynamics
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Popular Modelling Approaches

Schwartz-Smith two factor model [2]
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Popular Modelling Approaches (II)

Schwartz-Smith three factor model

Correlated Brownian 

Motions
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Volatilities and varianceε, σξ , υ
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One factor model

Popular Modelling Approaches (III)

Clewlow-Strickland models [3,4]

( )
221

t-Tα-
1

T
t

T
t dWσdWeσFdF +=

Correlated Brownian MotionsW1, W2

Volatilitiesσ1, σ2

Mean reversion rateα

Forward price with maturity T at 

time t
Ft

T

-

-

-

�

Seasonality

Jumps

Stochastic vol

Mean reversion

Two factor model

� Expected change in forward price is zero 

under risk neutral measure

� Negative exponential form for forward 

price volatilities is consistent with 

Markovian spot price process

� Second factor: Shape of vol term structure
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Popular Modelling Approaches (IV)

Modelling spot price seasonality [5]
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Popular Modelling Approaches (V)

Clewlow-Strickland model with seasonal volatility and jumps

Normally distributed with mean 

µJe
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Model Selection and Validation

� Reproduction of empirical features of spot / forward price 

distributions

� Reproduction of observations in relevant derivative markets 

(volatility surface, exotic derivative prices etc.)

� Stability of estimated parameters (dependence on sample 

chosen for calibration, behaviour in case of market changes)

� Implementation and maintenance effort

� Runtimes for calibration

� Robustness (applicability in case of structural market changes 

etc.)
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� Schwartz-Smith two factor model with 

seasonality extension for spot

� Valuation date: 3/11/2008  

Results
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Results (II)

NYMEX Natural Gas Options

� Calibration: Futures, options

� Maturity date: 1/12/2008

� Valuation date: 3/11/2008

LME ATM Aluminium Calls

� Calibration: Futures, ATM options

� Valuation date: 13/6/2008
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Results (III)
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� Schwartz-Smith three factor model

� Calibration: Futures, ATM options

� Valuation date: 19/9/2008  
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