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Background

In6/10/03testimonybeforetheHouseEnergyandCommerceCommittee,FederalReserve
ChairmanAlanGreenspanaddressedthetopicof“Naturalgassupplyanddemandissues”:

1.“Inrecentmonths,inresponsetoverytightsupplies,pricesofnaturalgashaveincreased
sharply.

2.“Ourinabilitytoincreaseimports[ofliquefiednaturalgas(LNG)]tocloseamodestgap
betweenNorthAmericandemandandproductionislargelyresponsibleforthemarkedrise
innaturalgaspricesoverthepastyear.

3.“Today’stightnaturalgasmarketshavebeenalongtimeincoming,andfuturesprices
suggestthatwearenotapttoreturntoearlierperiodsofrelativeabundanceandlowprices
anytimesoon.

4.“Since1985,naturalgashasgraduallyincreaseditsshareoftotalenergyuseandisprojected
bytheEIAtogainshareoverthenextquartercentury,owingtoitsstatusasaclean-burning
fuel.

5.“That[NG]pricehasrisengraduallyfrom$2perMMBtuin1997fordeliveryin2000,...
tomorethan$4.50fordeliveryin2009,thecrudeoilheatingequivalentofrisingfromless
than$12perbarrelto$26perbarrel.

6.“AsthetechnologyofLNGliquefactionandshippinghasimproved,...amajorexpan-
sionofU.S.importcapabilityappearstobeunderway.Thesemovementsbodewellfor
widespreadnaturalgasavailabilityinNorthAmericaintheyearsahead.

7.“Theperceivedtighteningoflong-termdemand-supplybalancesisbeginningtopricesome
industrialdemandoutofthemarket.Itisnotclearwhethertheselossesaretemporary,
pendingafallinprice,orpermanent.”
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WELCOMINGCOMMENTS

•LauraT.Starks

–CharlesE.andSarahM.SeayRegentsChairinFinanceand

–Chairman,DepartmentofFinance

•DavidL.Boggs,President,EnergyFinanceGroup
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PANEL1:TheUncertaintiesofNaturalGasSupply

&Demand,andtheFuturePotentialofLNG

•Moderator:VinceKaminski,AdjunctProfessor,JesseH.JonesGraduate
SchoolofManagement,RiceUniversity

•Panelists:

1.SteveBeasley,President,ANRPipeline&TennesseeGasPipeline,El
PasoCorporation

2.BrittDearman,ManagerSpecialProjects–U.S.Operations,Apache
Corporation

3.ScotBrady,BusinessDevelopment&ContractsManager,Chevron-
Texaco

4.VinceKaminski,AdjunctProfessor,RiceUniversity
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PANEL2:ForecastingFuturePricesofNaturalGas

•Moderator:EhudRonn,Professor,DepartmentofFinance,Universityof
TexasatAustin

•Panelists:

1.EdKelly,HeadofN.A.Gas&PowerConsulting,WoodMackenzie
GlobalConsultants

2.GregRizzo,ExecutiveVicePresident–Pipelines,DukeEnergy

3.AndyWeissman,Founder&Chairman,EnergyVenturesGroup

4.EhudRonn,ProfessorofFinance,UniversityofTexasatAustin
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OVERVIEW

•Calibration:ExtractingModelParametersfromMarketPrices

•Example:ImpliedVolatility—thevolatilityimpliedbyapplyingtheBlack-
Scholesmodeltooptionprices

•ModelingNaturalGasPrices—andtheMessagefromMarkets
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AnExampleofCalibration:
Black-Scholes“ImpliedVolatility”

•TheBlack-Scholesmodelprovidesthevalueofanoption(C)giventhe
inputsof:Stockprice(S),strikeprice(K),riskfreerate(r),timeto
expiration(T)andvolatility(σ)

•Ofthese,allareobservablesavevolatility(σ)

•Impliedvolchangesthequestion:Insteadofasking,

“Whatisthevalueoftheoption?”

thequestionposedis:

“Giventheoption’sobservablemarketprice,andassumingthemar-
ketisusingtheBlack-Scholesmodeltopriceoptions,whatvolatility
numberisthe‘market’using?”

•Forexample,ifS=K=$40,r=1%,T=1yr.andC=$5,thenthe
Black-Scholesimpliedvolσis30.3%

•Theterm“ImpliedVol”isduetoitsbeingimpliedbytheoption’smarket
price

Wecansimilarlyinquire:“Assumingamodelfornaturalgasprices,whatis
themarkettellingusaboutfutureprices?”
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CalibratingaSeasonally-AdjustedMean-Reverting

ProcesstoPricesofFuturesandOptionContracts

ModelAssumptions[ExtendingJaillet,RonnandTompaidis(2004)]:

•ThespotpriceStincorporatesaseasonalfactor,suchthat

St=ftDt

where

St=Spotpriceinmontht

Dt=Deseasonalizedspotpriceinmontht

ft=Deterministicseasonalityfactorsatisfying:

1.fT+12=fTCross-yearseasonalityfactorisconstant
2.f1×f2×f3×...f12=1Productoftwelveseasonalityfactorsft

equals1

•Logarithmofdeseasonalizedspotfollowsaone-factormean-revertingprocess
withdriftµ:

dlnD=[κ(ξ−lnD)+µ]dt+σdz
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ValuationofFuturesContractsandOptionPrices

underSeasonally-AdjustedMean-RevertingModel

•ValuationofFuturesContract:FuturespricefordeliveryattimeT

lnFT=lnfT+e
−κT

lnD0+ξ
(
1−e

−κT
)
+

σ
2

4κ

(
1−e

−2κT
)
+µT(1)

•ValuationofCallOptiononFutures:ValuetodayofaEuropeancallexpir-
ingattimeTonafuturescontractmaturingattimeTisgivenby:

C=e
−rT

[FTN(d)−KN(d−σ1)](2)
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ln(FT/K)
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+
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CalibratingModelParameterstoObservable

FuturesContractsandOptionPrices

•Data:

–End-of-monthNaturalgasfuturespricesfor1/98-12/03(36monthsper
day):FormaturityT,

̂
FT

–(One)Near-termoptionperday,
̂
C0

•Parameters:
ParameterSymbolParameterSymbol

MeanreversionrateκVolatilityσ

LongtermaveragevalueξInitialvaluelnD0

Drift(expectedpricechange)µSeasonalityfactorsf1,f2,...,f12

•ObjectiveFunction:Ateachdate,uselnFfrom(1)andCfrom(2),

min
{x}

36/12 ∑

T=1/12

∣∣
∣∣FT−

̂
FT

∣∣
∣∣,subjectto

12∏

m=1
fm=1,C0=

̂
C0,x={κ,σ,ξ,lnD0,µ,f1,...,f12}
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ProjectingaDeseasonalized

Three-YearFuturesPrice

•Estimatingastandardizedthree-yearfuturespriceoneachdateentails:

1.Calibratingthefuturescurveoneachdate,byextractinganestimateof
theparametersx={κ,σ,ξ,lnD0,µ,f1,...,f12}

2.Ignoringtheseasonalityfactor(i.e.,lnfT=0),setT=3yrs.inthe
futures-priceequation(1):

lnF3=e
−3κ

lnD0+ξ
(
1−e

−3κ
)
+

σ
2

4κ

(
1−e

−6κ
)
+3µ

•Intra-yearseasonalityappearsquitestable,showingwinter-peaking,butno
indicationsofasummer-peakingseason

•Model,whileimperfect,neverthelessprovidesinterestinginformationon
market“expectations”

•Extrapolationfeasible,butsubjecttotheadditionalcriticismthatsuchex-
trapolationtakesthemodelbeyondthematuritiestowhichitwascalibrated
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