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6 Hedging Using Futures

6.1 Types of hedges using futures

Two types of hedge: short and long.
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1. Short hedge
« Take a short hedge position in the futures market.

« Appropriate when someone expects to sell an asset he glread
owns and wants to guarantee the price.

« Example: I'm selling 1 million barrels of crude oil. The dpwice
for a barrel is $19 per barrel and the 3-month futures price is
$18.75 per barrel.

— Spot price in three months proves to be $17.50: | gain
$18.75-$17.50=%$1.25 per barrel from the futures but I'm
selling the oil for $1.25 less per barrel. | end up getting.$58
per barrel.

— Spot price in three months proves to be $19.50: | lose
$19.50-$18.75=%$0.75 per barrel from the futures but I'm
selling the oil for $0.75 more per barrel. | end up getting
$18.75 per barrel.
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2. Long hedge
» Take a long position in the futures market.

« Appropriate for someone who expects to buy an asset andswant
to guarantee the price.

Denis Pelletier, North Carolina State University CompitedSeptember 11, 2006 at 11:07



ECG590I Asset Pricing. Lecture 6: Hedging Using Futures 4

6.2 Basis and basis risk

» Perfect hedge does not always exist

— The asset we are trying to hedge may not be exactly the same as
the asset underlying the futures.

— The time at which we sell the asset (which could be random)
might not be exactly be the same as the delivery date of the
futures.
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e Basis

1. Basis= spot price of asset to be hedged - futures price of asset being
used for the hedge

bt:St—Ft

If the asset being hedged and used for the hedge are the $end¢hé
basis will be zero at the expiration of the futures contract.
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2. Intuition of why it is useful:

— Consider a short hedger who will sell an asset at tirrend who takes
a short futures position & < 7 for delivery at some time; > 7.

— Income atl' is:
() price of asset at tim&". St
(i1) profit on futures position:

—r(t1=T") ~
(Fto,tl — FT>t1)e ( ) ~ Fto,tl — FT,h

If t;4 — T is small, as is usually the case.
= Total income afl’

Q

ST + (Fto,tl — FT,t1)
— Fto,tl + (ST o FT,tl)
— Fto,tl + bT

— The basi9r collects all the uncertain terms and so collects all the risk
INnto one number.
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3. Same formula for basis applies to a long hedge
— Consider someone who knows he will buy an assét ahd takes a
long position at,
— Total payment af’ is
(1) spot priceSt
(if) loss on hedgd-, ;, — Fry, (approximately, as before)
= total payment

[
<2
_|_
>
|
5

as before. Note that, = 0 if the futures contract expires @tbecause
thenSr = Fr.
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» Basis risk

— If by were known at,, we would have a perfect hedge (becausg if
IS known, therb; is fixed. This means that; and Fr must always
change by equal amounts, leaving income unchanged).

— Whenb is unknown at timé, the uncertainty about the periad
Income, captured by the uncertainty about the valug-phence
calledbasis risk.
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« Another source of risk: different assets held and contractd
— The asset in the futures contract may not be the same as #te ass
— DefineS* = price of asset in futures contract

— Total income/payment becomes

ST + Fto,t1 — FT,t1 — Fto,tl -+ (Sf’l: _ FT,tl) + (ST _ Sf?)

where
St — Fry, = basis if the asset being hedged were the same as
the asset in the futures contract.
Sr —S% = difference in price between the two assets.
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6.3 Minimum variance hedge ratio

« Hedge ratio

— The size of the position in futures contracts relative to the
exposure (i.e., the value of the asset being hedged).

— More simply, the number of units of asset in futures congaetr
unit of asset being hedged.

Denis Pelletier, North Carolina State University CompitedSeptember 11, 2006 at 11:07



ECG590I Asset Pricing. Lecture 6: Hedging Using Futures 11

» Riskiness of a short hedger’s portfolio

1. Value of portfolio in arbitrary time period

— N4 = number of units of asset being hedged.

— h = hedge ratio (ratio of the size of the position taken in fusure
contracts to the size of the exposure).

— Then value of the portfolio is the sum of:
() N45S; = spot value of asset holding
(i) Nah(K — F,7)e "~ = value of the futures contracts owned
whereT is expiration date of futures contract
= total portfolio value= N4[S; + h(K — Fyr)e "9,
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2. Value at time when delivery of asset is made

— Denote this time by, with¢; < T
— Suppose the futures contract was written in peripée ¢, so that

K — Ft()'
— Value of portfolio in period; is

NA [Stl -+ h(FtO,T — Ft17T>6—7’(T—t1)]
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— Approximate value of portfolio ifl’ — ¢, is small, as is generally the
case, ther "7~ ~ 1 and we have

NA[Stl + h(Fto,T - Ft17T>]

which is the expression we will use.
— “Per extended unit value”
+ Each unit of the asset is accompaniedhbynits of a futures contract
= Call S, + h(Fy, v — F3, r) the value of an “extended unit” of the asse

* All the risk arises from this value, not frolv4, so we analyze the
behavior ofS;, + h(Fyy 7 — Ft, 7).
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3. Riskiness of the value
— At ty, when the futures contract is written, the valuessgfand £},
are unknown random variables.
— The change in the value of the extended unit is

1Sy, + W Fyyr — )] — [Ste + A(Fyyr — Fio 1)
=[Sy + h(Fyyr — Fiy1)] — [Sty + 0]
= (Sy — Si) + M Eyyr — Fy 1)
= AS — hAF

whereAS = S;, — Sy, andAF =, — Fy, 7.
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— This change is a random variable with variance equal to

Var |AS — hAF)|
= Var[AS] + h*Var[AF] — 2hCov[AS, AF]
= o0&+ h*c7 — 2hogr
= 0%+ h’c%n —2hpogor
Note thato s, oF, p are functions ot;.

— Notice that the same expression applies to a long hedge
+ Change in value of payment to be made is

(Stl - Sto) + h (Fto,T — Ftl,T)

\ . 4

loss on futures contract

* Same variance expression

Denis Pelletier, North Carolina State University CompitedSeptember 11, 2006 at 11:07



ECG590I Asset Pricing. Lecture 6: Hedging Using Futures 16

— Chooséh to minimize the variance

oVar
o 2hos — 2p040
= (0 fora minimum
Which gives
h* = ,0ﬁ
OF

= regression coefficient from regressifgn F
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— Optimum number of contracts
Define:
* N4 = size of position being hedged (i.e., number of units of thsea
being hedged).
* () = size of one futures contract (i.e., number of units of assehe
futures contract).
* NN* = optimal number of futures contracts.

Value of N* Is
~ h*Ny

QF

N*
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