Solutions to Assignment #2 Futures, Options and other Derivatives

2.26 The wheat futures contract has delivery price $2.50 and size 5000 bushels, whereas the
mitial and mantenance margins are $3000 and $2000, respectively. This means that the futures

Price may increase up to

mitial margin — maintenance margin

3000 — 2000
=250+ ———=12.T0

futures contract size SO0

current price +

withont triggermg a margmn call The firm has the nght to withdraw any balance in the margin

account in excess to the mmtial margin, henee the futures price must drop by

eXcess margin 1500

= (.30
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so that the excess margin amounts to $1500.

2,28 Ag the price of the MMay 2002 contract exceeds the price of the May 2001 contract, one

could engage mn the following sequence of actions:
1. March 2001: go long on the May 2001 contract and short on the May 2002 contract;
2. May 2001: buy 5,000 bushels of corn for a price between $2.1005 and $2.17075;
3. May 2002: pay the storage costs and sell the corn for a price hetween $2.5305 and $2.59,

To compute the payolf of such a sequence of actions, one mns=t know the exact prices of the May
2001 and May 2002 contracts. For the sake of conservativeness, [ will compute the minimum payoff
per bushel using the highest price for the May 2001 contract and the lowest price for the May 2002
contract:

1, = 2.5305 — 0.20 — 217075 (1 + 0.05) = 0.0512

ar

T, = 2.5305 — 0.20 — 217075 = (1.0485

depending on whether the nsk-free rate 15 annually or contimmonsly compounded, respectively. It

then suffices to multiply by 5.000 to obtain the total payoff.

2.29 The first step 1= to compute the series of price changes for both futures contract: AF; =
F. — F . Siunple caleulations show that the average price changes for the erude o1l and gold
futures contract are about zero (0.0021 and —0.0625, respectively), supporting the assumption

of zero mean, whereas thewr sample standard deviations are 1.3106 and 2.7715, respectively. To



compnte the probahility p of the event we are interested in, appreciate that, since there 12 a margm
call in the day after. the first price change must be negative and the margin account balance will

be back to the initial margin. The second price change must then be such that
contract size » second price change < —initial margin.

Now, the maintenance margin is usually about 75% of the initial margin, hence

. 4 maintenance margin
second price change < —— - ;
3 contract slze

Thiz means that
4 maintenance margin

= Prob (first price change < 0] »x Prob | = d price cl o = :
r rob (first price change 1 ro (qemn price change < —g e )
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where @ denotes the cumulative distribution function of the standard normal distribution. It then

suffices to obtain the maintenance margin such that

o 4 maintenance margin .
3 contract size * standard deviation P

or, equivalently, such that
malntenance margin = —q % % contract size x standard deviation

where zzp 18 the 2p-quantile of the standard normal distribution. The corresponding quantiles of the
standard normal distribution are zg0e = —2.0537 and zpo0e = —2.83782. Given that the contract
sizes are 1,000 bbls for the crude o1l futures and 100 ounces for the gold futures, the mantenance
margins for the crude ol and gold futures must be $478.42 and $426.89 per contract at the 1%
chance, and $670.46 and $592.25 per contract at the 0.1% chance.

3.24 The price of the six-month forward contract is Fy = (8 — I e™?, where 5y = $50 is
the current price of the stock, I = §1 = exp {—1‘—'32 r] + Bl x exp (—1_9':_; 7] 15 the present value of the

dividends mcome, and r = (L08 18 the risk-free rate. It thus follows that

Fy= [50 — exp (—%u_r}a) — exp (—% r:a_ns)] e3 005 _ $50.0068,

whereas the mitial value of the contract 12, by defimition, zero. After three months, if the stock

price 15 53 = $48, then the price of the forward contract will amount to
P [48 — exp (—1—22 a.na)] e+ 008 _ $47.0630,

and the value of the contract 15

| 2
Fpe %" 41— S5 = 50,0068 %% foxp (—ﬁ D-UB) —48 = §2.0034

mven that the forward contract expires in three months and there will be only one dividend payment

of 1 one month hefore the expiration.



3.25 By borrowing X in eash, the chent agrees paying back one year later a cash amount of
X {1+ rg). where rg = 11% is the borrowing rate for cash loans. In contrast, if horrowing the
same value X in gold, the client nmst pay a cash amount of ::.r—u (14 rgz), where 5p 15 the current
price of one ounce of gold and ro = 2% 1z the borrowing rate for gold loans. As the risk-free
rate is v = 9.25% and the storage cost is s = (.59, the price of the one-year forward contract is
Fy = Spe™= = 5, ®097% — 1.1024 5.

(1) An mvestor may borrow X n cash today so as to buy X /S, ounces of gold and then take a
short position on a one-vear forward contract with delivery price Fjy and size X/ 55, After one year

storing gold, the investor would deliver the gold and pay back the cash loan. The payoff then is
{delivery price] » (ounces of gold) — (loan payiment) = Fy ;— —X(l+rp)=1(11024 — 1.11) X,
0

resulting in a loss of $0.0076 X .

(2) Alternatively, the investor may borrow X /S5y ounces of gold, sell it to obtain X in cash and then
invest on the dsk-free asset so as to obtain X %% = 1.0969 X in the next year. By taking a long
position on the one-vear forward contract with delivery price Fy = 1.1024 5y and size (14-v5) X/ Sa,
the investar may buy (1 + rg) X/5; = 1.02 X /S, ounces of gold for Fy one year later in order to

pay the bank loan. The payoff of such a strategy 15

(principal + interests) — (due amount of gold) » (delivery price) = 1.0969X — 1.02 J:;i Fy,
a

which wields a loss of (1.02 :x 11024 — 1.0969) X =0.0276 X . We conclude that the borrowing rate
for gold 12 too lngh relative to the borrowing rate for cash.

(2} Assume now that gold mvestments vield a § = 1.5% income per anmum. The price of the
one-vear forward contract then is Fy = Sge'9+t8 = 5, 00820 — 10860 5;. The borrowing rate
for cash would then become too high relative to the borrowing rate for gold given that the first
and second strategies would yield losses of 0.0240 X and of (1.02 = 10860 — 1.0969) X = 0.0102 X

respectively.

3.26 The contract that the firm wishes to agres upon gives it the right to chose the exact
delivery date. Suppose that the firim wishes to take a short position. If the domestic risk-free
rate 15 greater than the corresponding foreign rigk-free rate, the futures price of the exchange rate
inereases with the time to maturity. The firm will therefore prefer to deliver as soon as possible
and the bank should thus caleulate the futures price on the basis that delivery will take place at
the begimnmg of the delivery period. If the domestie risk-free rate 1s lesser than the corresponding
foreign risk-free rate, the futures price of the exchange rate decreases with the time to maturity.
The firm will therefore prefer to deliver as late as possible and the bank should thus calenlate
the futures price on the basis that delivery will take place at the end of the dehivery period. The

converse 15 true if the firm wishes to take a long position.



3.27 Trader A enters into a forward contract to buy 1, 000, 000 pomnds at an exchange rate of
1.6 in three months. Trader B takes a long position on 16 three-month futures contracts with =ize
62,500 pounds and price 1.6, If the futures price inereases to 16040, then the profit of trader B
is [Ip = 16 % 62,500 x (1.6040 — 1.60) = 0.004 x 10° = 4.000. As for trader A, the new value of
the forward contract 15 f = 1, 000,000 = {16040 — 1.60) e~ 15" = 4,000 "/4. Tt thus follows that
4,000 e7/* = 3,900 and hence the continously compounded rigk free rate 15 10.13% per anmum.

3.28 Because the value of the first forward contract is gero, it holds that K, = Syet"—"7T
Settlement of the forward contract at Ty means that the fitm must pay 5; — Ky to the bank. We
therefore must adjust the delvery prnee Ko of the second short forward contract, ao that 1t has
a value of &) — 5] to the firm. By definition, the value of the second short forward contract 1s

f=(Ka— F)e "1 ghere Fy = 8§ ™7/ T2-T1) 4nd hence

K-8 = (I\FZ o Fl:le—r'lf]"z—l"ﬂ

= K, e TiTa-T1) 5, €'t !'Tz—'lr111

which implies that Kz = 8 e/™720T2-T0 (5 K jerif2-Tal



