Solutions to Assignment #3 Futures, Options and other Derivatives

5.33 The price of the 91-day Eurodollar futures contract that matures in 91 days 18 $288.5, which
implies that the Eurodollar futures rate is v} = 10.5% per annum with 91-day compounding. To
convert the rate nto contimons compoundmg, we must also take the actual/360 day counting

convention into account. This yields
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with continuous compounding, whereas the 91-day forward rate beginning in 91 days 1s
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given that the 91-day and 182-day rates are rgy = 10% and ryz = 10.2%, respectively. The
arbitrage opportunity 18 apparent. It suffices to borrow L for 182 days at the rate of 10.2% and
then invest L for 91 days at the rate of 10% and take a long position of size L exp {0.10 %] on the
O01-day Eurodollar futures contract that matures in 91 days. As a result, the investor would have

a net profit of L times

01 91 182 ,
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To rule out arbitrage opportunities, the futures rate must amount to 10.4% with continous com-
pounding, and hence the 91-day Enrodollar futures contract maturing in 91 days would have to

trade at a higher price, namely, $80.60583263.

5.35 The value of portfolic A 18

Vi = 2,000 exp(—0.10) + 6. 000 exp(—0.10 x 10) = 4016951483,

whereas 1ts duration reads

2,000 exp(—0.10) + 10 % 6,000 exp(—0.10 x 10)

Dy = — 5045414429,
A 7000 excp( —0.10) + 6, 000 exp(—0.10 = 10)

As the portfolio B consists only of a zero-coupon bond, its duration matches the maturity of that
bond, 1.e., 595 vears. We therefore conclude that the portfolics have the same duration. This
means that small increases in the vield should entail a very sumilar percentage change in the value
of both portfolios. For mstance, if the vields increases by (L1% per anoum, then the wvalue of

portfolioc A becomes

Vi = 2.000 exp(—0.101) + 6,000 exp(—0.101 x 10) = 3993.179943,



which 1imphes a percentage change of —0.591730608%. As for portfoho B, its value changes from
Ve = 5,000 exp(—0.10 = 5.95) = 2757812829,

Lo

Vi = 5,000 exp(—0.101 % 5.95) = 2741.452563,

so that the percentage change 1z -0.593233381%,. However, this result does not hold for large
variations in the vields. For instance, if the yvields increase by 5%, the values of portfolics A and B

respectively becoms

Vi

VY = 5,000 exp(—0.15 x 5.95) = 2048151978

2,000 exp(—0.15) + 6. 000 exp(—0.15 x 10) = 3060.196914

so that the percentage changes are not so similar, namely, —23.81792694% and —25.7327T4168%,
respectively. The fact that the value of portfolio A decreases by a lesser amount than the value of
portfolio B reflects the greater convexity of portfolio A.

5.36 As the price of the G-month zero-conpon bond 15 $95, the 6-month zero rate with con-

timuons compounding 1s 2 log (14 %‘j = 4.0405415%. Sumilarly, the 12-month zero rate with

continnous compounding 1= log (1 + l—nt'ggﬂj = 5.1203294%,. As for the 18-month zero rate, it holds

that

Eé_ie—%n.mnmmﬁ =1 %e—n.nmz@zmd £ (1UD+ ET:Q) S i 101,

which maplies that rz = 5.4420045% per annum with contimmons compounding. Az for the 24-

month zero rate, 1t ensues from
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that roy = 5.8085446% per annmum with continuons compounding. We now compute the 6-month

forward rates using,

o= G
This results in rf, = 6.2181174%, »f = 6.0700547%, and rf; = 6.0054646%. As for the par vield
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c, we know that, for semnianmal coupon payments,
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where d 1= the present value of §1 at the maturity of the bond and 4 12 the value of the anmuty

that pays $1 at each conpon payment date. It thus follows that
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Finally, the price of a 24-month hond providing a semiannual coupon of 78 per anmal 18
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with vield y = 0057723217 =0 as to satisfy
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5.38 The number of futures contracts that one must short 13 the nearest integer to

portfolio duration = portfolic value 4 5 100, 000, 000

= = 3.64208T25,
bond duration = futures price » contract size 9 122 ¢ 100, 000 i

hence 4 contracts, If the duration of the cheapest-to-deliver bond were T years, then the investo
would have to short 5 contracts given that % = 4683540749, Tt thus follows tha
the mvestor must short one additional futures contract. If the interest rates increase over th
three months m such mamner that the term structure becomes less steep, then the hedge woul

underperform because the increass in the value of the short futures contract would be lower tha

the increase m the value of the hond partfolio due to the former's longer duration.



