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Natural gas markets

● Natural gas is one of the cleanest, cheapest and 
most efficient sources of energy.

●

● Alberta is home to a large natural gas resource 
base and accounts for just over 80 per cent of the 
natural gas produced in Canada. 

●

● 87 trillion cubic feet (Tcf) of recoverable, 
conventional natural gas is still beneath our feet.

●

● Flammable gas, commonly used to fuel household 
appliances, Heating homes and businesses

●



Natural gas markets

● 75 per cent of the natural gas consumed in Alberta 
is used by the industrial sector (including 
electricity generation).

●

● Displays seasonality, need models to capture it.
●

● Natural gas futures and options on futures are sold 
in the market.

●

● Natural gas storages used as a hedging instrument.
●



Motivation of the paper

● One factor mean reverting models typically used in 
literature of natural gas storage evaluation.

●

● Multi factor models are computationally 
expensive.

●

● Introduces a one factor regime switching model 
that seems to work almost as well as 2 factor 
models with respect to fitting forward curves.



Motivation

● When regimes switch between MR and MR's 
equilibrium price, reproduces dynamics of 
Xu(2004)

●

● Regimes switch between GBM and GBM 
(different signs of drifts), reproduces 
Schwartz(1997)

●

● Our focus today is on its empirical results and not 
its implications in natural gas storage pricing.

●

●



Schwartz model

● Extends the typical mean reverting OU model.
●

●

●

● Adds additional stochastic factor of convenience 
yield.

●

●



Convenience Yield

● A factor implied by the futures or other 
derivative prices of commodities

●

● Net benefit minus the cost of holding energy
●

● Unlike financial derivatives, storage of energy 
products is costly.

●



Convenience yield

● Physical ownership of commodity, carries an 
associated flow of services

●

● Agent has the option of flexibility with regards to 
consumption, but this decision of postpone 
consumption implies storage expenses.

●

● δ = benefit of direct access - cost of carry
●

● Forward price is: 
●



Schwartz model



Xu (2004)

● Includes seasonality and mean reverting long run 
mean.



One factor mean reverting (MR) 
model (back to the paper)



MR model



MR model



Effect of seasonality on gas 
dynamics



Regime switching model

● Previous model is our MR model and can be 
varied to GBM, varying parameters.

●

● The model  to be proposed has two regimes, 
switches between a combination of the above.

●

●



Regime switching



Regime switching



Regime switching



Regime switching



Variations of the regime switching 
model



Variations of the regime switching 
model



Variations of the regime switching 
model



Calibration to futures



Calibration to futures



Calibration to futures



Calibration to futures

● So options on futures is used to find the volatility 
parameter, rest of the parameters can be found 
from the futures contracts!



Data

● Data set contains 51 observations in 51 months. 
From Feb 2003 to July 2007

● Each observation contains delivery prices for the 
first 14 contracts that correspond to the delivies in 
the next 14 consecutive months starting from the 
month of observation.

● For calibration, we need gas spot prices, there 
exists a gas spot market in Henry hub but we do 
not use it.

● Delivery period of contracts in spot and futures is 
different.



Data

● Spot market – delivery lasts for only 24 hours
● Futures market – delivery over a whole month
● So instead of using the spot price, at any point of  

time we use the next months futures contract 
delivery price instead.

● For calibration, there are now a total of 13*51 = 
663 futures prices.



Calibration procedure



Calibration

● Note:



Calibration result from futures 
contract



Regime state





Error for forward prices



Forward curve fitting



Forward curve fitting



Futures Option Valuation



Futures option evaluation



Futures option evaluation



Futures option



Calibration



Thank you!


	Title
	Long-term Goal
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Customer Wishes
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44

