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SUMMARY

Exchange tradedufures contract®ften arenot written onthe specific asset that ia

source of risk to éirm. Thefirm may attempt tananagehis riskusing futures contracts
written on a related assefThis crosshedge exposes the firm to a new risk, the spread
between the asset underlying the futures contract and the asset that the firm wants to
hedge. Using the specific case of the airlimedustry as motivation, & derive the
minimum variance crossedgeassumingatwo-factor diffusion modefor the underlying

asset and stochastic, meareverting spread.The result is a time varying hedge ratio

that can be applied to any hedging horizdfe also consider the effect of jumps in the
underlying asset.We use snulationsand empiricaltestsof crude olil,jet fuel cross

hedgedo demonstratéhe hedging effectiveness tiie model
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MINIMUM VARIANCE CROSSHEDGING UNDER MEAN REVERTING SPREADS,
STOCHASTIC CONVENIENCE YIELDS A ND JUMPS: APPLICATION TO THE AIRLINE
INDUSTRY
1.INTRODUCTION

Consider a valuenaximizing firm withfixed quantityexposure to the spot price
of a particular asset on a specific future datdéwo conditions are met this exposure may
be completely eliminated by taking an offsetting position in a futures contract. First, a
futures contract must exist for the specific asset that is the source of the exposure.
Second, the expiration of the futuremtract must coincide with the cash flow resulting
from the original exposure. Since futures contracts must be standardized and are only
written on a limited number of assets these conditions are often notfraet.
appropriate futures contract does agist andOTC forward contracts are too expensive,
the firm may choose to hedge using feticontracts written on differeasses or remain
unhedged.

Thefocusof this paper is to investigate how a value maximizing firmhuetter
manageisks that canotbe directly hedgedlo this goal, we derive and implement a
two-factor jump diffusion model to permit random price changes to accaudual
commodity marketThe advantage of incorporating a temporal expredsica linked
commodity markeis that he model is then rich enough to capture salient-8arees
characteristics (i.e., stochastionvenience yieldgumps and spread$rom both markets
thatare key factors in hedginyloreover themodel provides anethodology for
estimating and implemeng a time varying hedgratio thatcan be applied to any

hedging horizon and thatiminates, on an oubf-sample basisnorerisk thantraditional

hedging methods.



A firm should hedge only if doing so increases firm valBessembinder (1991)
DeMarzoand Duffie (1991)Smith and Shultz (1985&ndFroot, Scharfstein and Stein
(1993)among otherprovide theoretical justifications for hedgindllayannis and
Weston (2001) providempiricalevidenceof a positive relation between the use of
derivativesand firm value.They find a statistically and economically significant hedging
premium for firms with exposure to exchange ratést the particular case of airlines,
Carter, Rogers and Simkins (2006)d a positive relation betweget fuel hedging and
firm value. Their results indicate that the hedging premium may be as high as 10%.

The airline industryprovidesmotivation for our analysis but our results may be
applied to any firm with similar exposure€arter, Rogers and Simkins (200#)d that
airlines manage risks relateddisanges innterest rates, foreign currency prices and jet
fuel prices. For the firms in their sample jet fuel costs averaged 13.6% of operating
expenses angrguably pose greater risk than interest rates or foreignncigee While
some dlinesremainunhe dged ot hers hedged up to 80% of
consumption.Since the market for jet fuel is not sufficiently liquid to support futures
contracts, airlinesftenhedge jet fuel using crude oil futureshaating oil futures.This
hedge ratio musiccountor the difference between the expiration of the futures contract
and thetime of thepurchase of the jet fuel as well as the difference betweesptite
price of jet fuel and thpayoff of the futures cotract. The difference between the spot
price of an asset and the price of a futures contract written on that asset is often referred
to as the basis. To avoid confusion we refer to the difference between the spot price of an

asset and the price of atuées contract written on a different asset as the spread.



Ederington(1979) examined the problem of minimum variance hedging when the
firmds ti me hor i zuwityofthe fdtures oontracdHa doncloded tlhae ma t
the optimal hedge ratio was theefficient from an OLS regression of the chamgthe
spot price on the changethe futures priceWilson (1989)expanedthe regression
approach of Ederington teedge spot positions in sunflowe8nce there is no futures
market for sunflowers, chges inthe spot price of sunflowers weregressed on changes
in the futures pde of soybeans or soybean &illl (2006) describd this procedure as
the appropriate method for finding the minimum variaimedge ratio for a cross hedge.
Castelino, Franciand Wolf (1991 isaggregate the regressibased hedge ratia order
to adjust for three dimensions of rigke relationship of the price of the asset being
hedged to the price of the asset underlying the futures contract, the convergence of the
spot pice of the underlying to the futures price, and the tiorézbn of the hedge.

Sercu and Wu (200Qecognize the limitations gegressiorbasechedge ratios
They proposerice-based hedge tias which consistently outperform the regression
basedhedgeratios.These pricébased hedge ratios use current market data to forecast the
spread between the spot price of the asset to be hedged and the futures contract.

To extend the existing research, theoreticallydevelop and empiricallghow
how a firm maybetterreducaits risk exposure when futures contractsthe source of
exposuralo not exist.In particular, o minimum variance hedgearederived where
both models assun@mmmodity prices follova two-factormodel that allows for
stochastic, mearevating convenience yieldnd a mean reverting spreathe second
model extendshe firstmodel by allowing for jumpsSimulations andrapirical results

show thadynamic hedgingnodek systematically outperforather hedging strategies



especiallyoverlonger hedging horizonsThis is importantdr the ailine industry, where
firms have been observed to have hedge maturities of up to six years.

Thepaper is organized as followSection2 presents the problem faced by a
hypothetical firm and develops tbhetimal hedging policySection3 uses simulated data
andSection 4 usesmpirical data orrude oil futures and spot jatdl to compare
hedging modelsSection5 concludes.

2. DERIVATION OF THE HEDGING M ODEL

Consider a valuenaximizing firm committed tduy (sell)a fixed amount, m, of
an assein future perioet atthe prevailing market priceThe firm mayremainunhedged
andthusexposedd changes in the spot price of the asakernatively, tie firm may
wish to eliminateall or part ofthis exposre through futures contracts futurescontracts
are not availabléor the asset to bieedged théirm must choose an alternative hedging
vehicle. The resulting cash flow is

V, =-mJ, + h,AF, . (1)
wherem is thenumber of units ofhe spot to be exchanged at timd, is the spot price
of thehedgedassett timet, h, is the number futures contracts entered today and
AR, = F; —F;. Fy; is the current price of a futures contracitten on a different asset

andmaturing at timeT and F,; is its price at tim€.

We consider the particular case of a fitmtchooses to hedge spot jet fuel with
crude oil futures.We derive the minimum variance hedge ratio underaafactor model
with stochastic convenience yiedtidthenexaminethe model with the addition of a
jump processlin both casese assume thahe relationship between spot jet fuel and

spot crude oil igiven by:



J, =Se*, @)
whereJ; is the spot price of jet fuel at timeS,is the spot price of crude oil at timeahd

b, is the(log) spread The spreads assumed to follow the diffusion

dh =, €, -b dt+0,dZ, (1), 3)
wherek, is the speed adjustment parametey,is the average long rspread o, is the
instantaneous volatility of thepread and dZ,(t) is the increment to a standard Wiener

process.Figurel shows the spread between the natural log of spot jet fuel and the
natural log of spot crude oil.

Thetwo-factor modebf Gibson and Schwartz (199®chwartz (1997), Hilliard
and Reis (1998) and others assusteshastic and meaeverting conveience yield.

The spot price and convenience yialé assumed tollow the joint diffusion processes:
d§ = (#~-6,)Sdt+0,SdZ(1), 4)
ds, = x, €@, — 5, dt+o,dZ,(t), (5)

where d is the convenience yield,is the instantaneous drift in the underlying net of

convenience yield; is the short term riskree rate, /A, is the market price of risk for the
underlyingasset o, is the instantaneous volatility of the underlying assetis the
speed adjustment parametet, is the average long run convenience yietd,is the
instantaneous volatility of the convenieneld processesdZ (t) and dZ,(t) are
incremens to a standard Wiener process, gng is the correlation coefficient between

thetwo processes.



The futures price usgthetwo-factor model is

F(S),8,,T) = SAM)e™ 0™, (6)

where
2 O'[?
€(T)-T [xja, —Kk;450; _7"':0550-50-6’( O'§H 2(T)
A(T) = ex _ ~ : (7)
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When a jump term is added to equation (#)jbint diffusion processes are:

d§ = (u-6 - A4uy) S dbo, 5dL)e GS g, )

ds, = x, €&, -5, dt+o,dZ,(t), (10)

whereq is the independent Poisson procésSss Y —1 is the random percentage jump
conditional upon a Poisson distributed event occurfipg; E’ lE L and
Pr(dg =1) = A,dt. The pricing relation irequation ) is unchanged.

2.1 The GeneraHedgingSolution
We assume that the firm wishes to minimize the variance of cash fibws.

conditional wvariance of the port:foliods cash
Var(V,) = m¥ar p, +h2var pF, +2hmCovpF,,J, . (11)

Theminimizing hedge ratio is

h; = _mCOVl:t,T Iy ]\/ar l:t,T : (12)

Substituting equationg) and @) into equation 12) gives

! See Hilliard and Reis (1998, 1999).
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2.2Hedging slution under theStochastic Corenence Yieldnodel
The general solution for thminimumvariancehedge ratidor thetwo-factor

model is
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t
Kt dZo(s)

where x =56 " andy = S& °  Mean varianceand covarianceomponents

are given inAppendixA.

2.3 Hedging solution with jumps

Thetwo-factor model with jumps can be written

k
/l—izszju [o0sds+oJg dZ( Y+ In(1+ y)-A th §
=3 , ®

wherey, = 0 andn(1+y;)~N(y - 0.5n% n?) forj= 1 ,.Zhekjumps in the interval [0,t]

follow a Poisson distribution with arrival intensity This process gives a hedge ratio
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See AppendiB for details.

(16)

2.3 Discussion



The hedge ratio in equation §L dependson 15 parametsythe curent level of
convenience yieldhe currentspreadand the hedging horizodvhenthe underlying asset

follows a jump diffusion the term e*$°%"-

appearsin both the numerator and
denominatoof the minimum variance hedgd@he effect otthisé | utempdis dependent

on the relative valuesfdl’ andCy,. Fory, greater (less) that?, larger values of the

jump parameters decrease (increase) the hedge fBhie.relative values af® and Uy
depend, in part, on the hedging horizon. Hence, there is no clear rule concerning the
directional effect of the addition of the jump component. However, for what would
commonly be considered reasonable parameter estimatesatiretude ofthe effect is

small. The simulation results in the following sectiaad empirical contento this

observation.

The hedge ratio is unaffected by jumps whgrr Gi . A sufficient condition for

this result is that convenience yield and the spreadimcerrelated 4, = 0) andt Y T
Even if jumps have a significant influence on the underlying spot,patjesting the
hedge ratio does not result in an improvement in hedging effectiveness if the correlation
of the spread and convenience yield is sufficiently close to zero and the hedging horizon
is sufficiently close to the maturity of the futures contract

We consider some special cases in order to simplify implementation and to
provide further insightsThe conditionsy, & 0 andt Y ive a special case of the hedge

ratio that can be written

h - mexp . (1 7)



