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Problem Set VIII: The term structure of interest rates; futures, swaps and risk management Exercise 1: Term structure of interest rates What is the relation between forward rates and the market’s expectation of future short term rates? Explain in the context of both the expectations and liquidity preference theories of the term structure of interest rates.



Exercise 2: Term structure of interest rates You are given the following information about five government bonds with face value of 100: Bond A B C D E



Years to maturity Coupon payment Price (PV) 1 7.0 100 2 8.0 102 3 6.7 95 4 7.0 93 5 12.0 109



a) Estimate the spot rates for the next five years. b) Draw the term structure of the interest rates, with the spot rates on the y-axis and the time to maturity on the x-axis. c) Discuss the possible explanations for the shape of the term structure. d) Calculate the one-year futures rates, 1f2, 2f3, 3f4, and 4f5. e) Calculate the two-year futures rates, 1f3 and 2f4 (two-year spot rates in one and two year’s time).
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Exercise 3: Term structure of interest rates You have the following information about two bonds:



Bond 1 Bond 2



Time to maturity 4 years 4 years



Coupon payment 5.0% 10.0%



Interest payments are annual and the first coupon will be paid after exactly one year. The face value of each bond is 100. Furthermore, assume that the spot rates are: Maturity 1 2 3 4



Spot rate 5.00% 4.75% 4.50% 4.25%



a) Calculate the price for both bonds. b) Calculate the yield for both bonds. c) Calculate the one-year forward rates up to 4 years forward.



Exercise 4: Term structure of interest rates Two government bonds have face value EUR 100 and a time to maturity of 6 years. The first bond has an annual coupon of 6% and a yield of 12%. The second bond has an annual coupon of 10% and a yield of 8%. Using this information, determine the 6year zero coupon rate.



Exercise 5: Term structure of interest rates Assume a downward sloping term structure of zero-coupon rates: T 1 2 3 4 5



Zero rate 7.00 6.70 6.30 5.80 4.60



a) Look at the rates. Why must some of the rates be wrong? b) How can you make an arbitrage profit from the situation?
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Exercise 6: Term structure of interest rates The term structure for zero coupon bonds is currently: T (years) 1 2 3



YTM on a zero 4% 5% 6%



Next year at this time you expect it to be: T (years) 1 2 3



YTM on a zero 5% 6% 7%



a) What do you expect the rate of return to be over the coming year on a 3-year zero coupon bond? b) Under the expectations hypothesis, what yields to maturity on 1-year and 2-year zeros (the 1-year and 2-year spot rates) does the market expect to see in 1 year’s time? Is the market’s expectation of the return on the 3-year bond greater or less than yours?



Exercise 7: Term structure of interest rates The yield to maturity (YTM) on 1-year zero coupon bonds is 5% and the YTM on 2year zeros is 6%. The 12% annual coupon bonds with 2 years to maturity have YTM of 5.8%. What arbitrage opportunity is available for an investment banking firm? What is the profit on this activity?



Exercise 8: Term structure of interest rates The one-year spot rate is r1 = 6%, and the one-year forward rates are: 1f2 = 6.4%; 2f3 = 7.1%; 3f4 = 7.3%; 4f5 = 8.2%. a) What are the spot rates r1, r2, r3, r4 and r5? b) If the expectations hypothesis holds, what can you say about expected future interest rates? c) Suppose your company will receive $100m at t = 4, but will make a $107m payment at t = 5. Show how the company can lock in the interest rate at which it will invest at t = 4 (not using futures contracts). Will the $100m invested at this lock-in rate be sufficient to cover the $107m liability? d) What is the YTM of a 5 year government bond that pays a 5% annual coupon?
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Exercise 9: Futures, swaps and risk management a) Why is there no futures market for cement? b) Why might individuals purchase a futures contract rather than the underlying asset?



Exercise 10: Futures, swaps and risk management You enter into the long side of a March maturity S&P 500 futures contract with multiplier $250 and futures price of 1,477.20. The margin requirement is 10%. a) How much must you deposit with your broker? b) If the March futures price were to increase to 1,500 what percentage return would you earn on your net investment? c) If the March futures price falls by 1% what is your percentage return?



Exercise 11: Futures, swaps and risk management You are a corporate treasurer of Užavas Corp. and will purchase $1m of bonds for the sinking fund in 3 months. You believe rates will soon fall and you would like to purchase the bonds in advance of requirements. Unfortunately to obtain approval to do so from the board of directors will take up to 2 months. How can you hedge adverse movements in bond yields and prices (qualitative answer is sufficient)? Will you be short or long?



Exercise 12: Futures, swaps and risk management You manage a $13.5m portfolio currently all invested in equities, and believe the market is on the verge of a big but short lived downturn. You would move your portfolio temporarily into T-bills, but do not want to incur the transactions costs of liquidating and reestablishing your equity position. Instead you decide to temporarily hedge your equity holdings with S&P 500 index futures contracts. a) Should you be long or short the contracts? Why? b) If your equity holdings are invested in a market index fund how many contracts should you enter? The S&P 500 index is now at 1,350 and the contract multiplier is $250. c) How does your answer to (b) change if the beta of your portfolio is 0.6?
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Exercise 13: Futures, swaps and risk management The following table shows gold futures prices for varying contract lengths. Being an investment good, assume gold has negligible storage costs and convenience yield. Calculate the annually compounded interest rate faced by traders of gold futures for each of the contract lengths below. The spot price of gold is $664.30 per ounce.



Exercise 14: Futures, swaps and risk management The S&P 500 portfolio pays a dividend yield of 1% annually. Its current value is 1,300. The T-bill rate is 4%. Suppose the S&P 500 futures price for delivery in 1 year is 1,330. Construct an arbitrage strategy to exploit this mispricing and show that your profits will equal the mispricing.



Exercise 15: Futures, swaps and risk management The spot price of a British pound is currently $2.00. The risk-free interest rate on 1-year government bonds is 4% in the US and 6% in the UK. a) What must be the forward price of the pound for delivery in 1 year? b) Suppose you call your broker and he quotes you a forward price of F0 = $2.03/£. How can you make risk free arbitrage profits? Calculate the profits per contract.



Exercise 16: Futures, swaps and risk management You are the financial manager of Cēsu Corp. and plan to issue $10m of 10-year bonds in 3 months. At current yields the bonds would have a modified duration of 8 years. The T-note futures contract is selling at F0 = 100 and has modified duration of 6 years. How can you use the futures contract to hedge the risk surrounding the yield at which you will be able to sell the bonds (quantitative solution required)? Both the bond and the contract are at par value. Exercise 17: Futures, swaps and risk management The US yield curve is flat at 4% and the Euro yield curve is flat at 3%. The current exchange rate is $1.50 per Euro. What will be the swap rate on an agreement to exchange currency over a 3-year period? The swap will call for an exchange of 1 million Euros for a given number of dollars each year.
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Exercise 18: Futures, swaps and risk management A $100 million interest rate swap (including principal exchange) has a remaining life of 10 months. Under the terms of the swap 6-month LIBOR is exchanged for 12% per annum (compounded semi-annually). LIBOR on all maturities is currently 10% continuously compounded. The 6-month LIBOR rate was 9.6% p.a. (continuously compounded) 2 months ago. What is the current price of the swap to the party paying floating? What is its value to the party paying fixed?



Exercise 19: Futures, swaps and risk management A currency swap has a remaining life of 15 months. It involves exchanging interest at 10% on £20 million for interest at 6% on $30 million once a year. The term structure of interest rates in both the UK and US is currently flat, with 4% in the US and 7% in the UK. All interest rates are quoted with annual compounding. The current exchange rate ($ per £) is 1.85. What is the value of the swap to the party paying £?
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