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CHAPTER 14

HEDGING DEBT POSITIONS 

WITH FUTURES AND OPTIONS 

14.1 INTRODUCTION

As we examined in Chapter 12, a fixed-income manager planning to invest a future inflow of cash in high quality bonds could hedge the investment against possible higher bond prices and lower rates by going long in T-Bond futures contracts.  If long-term rates were to decrease, the higher costs of purchasing the bonds would then be offset by profits from his T-Bond futures positions.  On the other hand, if rates increased, the manager would benefit from lower bond prices, but he would also have to cover losses on his futures position.  Similar long hedging positions using T-Bill or Eurodollar futures could also be applied by money managers who were planning to invest future cash inflows in short-term securities and wanted to minimize their risk exposure to short-term interest rate changes. Hedging debt security positions with futures, though, locks in a future price or return and therefore eliminates not only the costs of unfavorable price movements but  also the benefits from favorable movements.  As we saw in Chapter 13, with a call option contract on a spot or futures T-Bond, T-Bill, or Eurodollar, a hedger can obtain protection against adverse price increases while still realizing lower cost  if security prices decrease.
For cases in which bond or money market managers are planning to sell some of their securities in the future, hedging can be done by going short in a T-Bond, T-Bill, or Eurodollar futures contracts.  If rates were higher at the time of the sale, the resulting lower bond prices and therefore revenue from the bond sale would be offset by profits from the futures positions (just the opposite would occur if rates were lower).  Similarly, for the cost of  the options, a bond or money manager could obtain downside protection if bond prices decrease while earning increasing  revenue if  security prices increase by buying put options on spot or futures debt securities.  

Short hedging positions with futures and  puts  can be used not only by holders of fixed-income securities planning to sell their instruments before maturity, but also by bond issuers,  borrowers and debt security  underwriters.  For example, a company planning to issue bonds or borrow funds from a financial institution at some future date could hedge the debt position against possible interest rate increases by going short in debt futures contracts or buying put options.   Similarly, a bank which finances its short-term loan portfolio of one-year loans by selling 90-day CDs could manage the resulting maturity gap (maturity of the assets (one-year loans) not equal to the maturity of liabilities (90-day CDs)) by also taking short positions in Eurodollar futures or buying a put on a Eurodollar futures or spot contract. Finally, an underwriter or a dealer who is long in a debt security for a short-period of time could hedge the position against interest rate increases by going short in an appropriate futures contract or buying a put, then closing the futures or put   positions as she sells the securities.


There are many ways in which futures and option contracts on debt securities can be used to minimize market risk.  However, while there are numerous applications, the basic hedging principles used for centuries by farmers and businesses to hedge their future revenue or cost  positions still apply to the hedging of debt positions.  A portfolio manager, corporation, municipal government, financial intermediary, dealer, or underwriter who is planning to sell debt securities in the future or borrow funds can hedge against interest rate decreases and bond price increases by going short in a futures contract or by buying a put option; a portfolio manager, corporation, municipal government, intermediary, or dealer planning to invest future funds in debt securities can hedge against interest rate increases and bond price  decreases by going long in a debt futures contract or by buying a spot or futures call option on a debt security.  In this chapter, we will examine some of the hedging uses of futures and options contracts on debt securities.  

14.2 HEDGING DEBT POSITIONS

WITH A NAIVE HEDGING MODEL

The simplest model to hedge a debt position is to use a naive hedging model.  For debt positions, a naive hedge can be formed by hedging each dollar of the face value of the spot position with one market‑value dollar in the futures or option. For example, if a T‑Bond futures' price is at 90, then 100/90 = 1.11 futures contracts could be used to hedge each dollar of the face value of the bond. Similarly, if the exercise price on a T-Bond call is 90, then 1.11 call contracts could be used to hedge each dollar value of the face value of the bond. A naive hedge also can be formed by hedging each dollar of the market value of the spot position with one market‑value dollar of the futures. Thus, if $98 were to be used to buy the above T‑Bond at some future date, then 98/90 = 1.089 futures or call option contracts could be purchased to hedge the position.


If the debt position to be hedged has a futures contract with the same underlying asset, then a naive hedge usually will be effective in reducing interest rate risk. Many debt positions, though, involve securities in which a futures or option contract on the underlying security does not exist. In such cases, an effective cross hedge needs to be determined to minimize the price risk in the underlying spot position. Two commonly used model for cross hedging are the regression model and the price‑sensitivity model. In the regression model, the estimated slope coefficient of the regression equation is used to determine the hedge ratio. The coefficient, in turn, is found by regressing the spot price on the bond to be hedged against the futures price. The second hedging approach is to use the Kolb‑Chiang (K‑C) price‑sensitivity model. This model has been shown to be relatively effective  in reducing the variability of debt positions.


In this section, we will examine cases in which the security to be hedged is either a T‑Bill or bank CD and as such can be hedged with a naive model using T‑Bill or Eurodollar futures or options. In Section 14.3, we will look at cross hedging cases in which the K‑C price‑sensitivity model is more applicable.

14.2.1 Long Futures Hedge: Hedging 

a Future  91‑Day T‑Bill Investment 
A long position in a T‑Bill or Eurodollar futures contract can be used by money market managers to lock in the purchase price and YTM on a future short‑term investment in T‑Bills or CDs.  As illustrated in Exhibit 14.2-1, if short-term interest rate are lower at the time of the investment, then the  price on the short-term securities will be higher, and as a result, the cost of buying the securities will be higher.  With a long futures position, though, the manager will be able to profit when he closes his long futures position by going short in a higher priced expiring futures contract  (the price being approximately equal to the spot price).  With the profit from the futures, the manager will be able to defray the additional cost of purchasing the higher priced short-term securities.  In contrast, if rates increase, the cost of securities will be lower, but the manager will have to use part of investment cash inflow to cover losses on his futures position.  In either interest rate scenario, though, the manager will find he can purchase approximately the same number of securities given his hedged position.

 
To see how a naïve long hedge works, consider the case of a treasurer of a corporation who was expecting a $5 million cash inflow in June, which she was planning to invest in T‑Bills for 91 days. If the treasurer wanted to lock in the yield on the T‑Bill investment, she could do so by going long in June T‑Bill futures contracts. For example, if the June T‑Bill contract were trading at the IMM index price of 91, the treasurer could lock in a rate of return of 9.56% on a 91‑day investment made at the futures' expiration date in June, YTMf(June,91):
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To obtain the 9.56% rate, the treasurer would need to form a naive hedge in which she bought 5.115 June T‑Bill futures contracts (assume perfect divisibility). That is:



nf = Investment in June = $5,000,000 = 5.115 Long Contracts .




        fo
                   $977,500

At the June expiration date, the treasurer would close the futures position at the price on the spot 91‑day T‑bills. If the cash flow from closing is positive, the treasurer would invest the excess cash in T‑Bills; if it is negative, the treasurer would cover the shortfall with some of the anticipated cash inflow earmarked for purchasing T-Bills. For example, suppose at expiration the spot 91‑day T‑bill was trading at a YTM of 8%, or ST = $1M/(1.0891/365) = $980,995. In this case, the treasurer would realize a profit of $17,877 from closing the futures position:
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With the $17,877 profit on the futures, the $5 million inflow of cash (assumed to occur at expiration), and the spot price on the 91‑day T‑Bill at $980,995, the treasurer would be able to purchase 5.1151, 91‑day T‑bills (face value of $1 million):



Number of 91‑day T-Bills =  $5,000,000 + $17,877 = 5.1151.








  $980,995

Ninety‑one days later the treasurer would have $5,115,100, which equates to a rate of return from the $5 million inflow of 9.56% ‑‑ the rate that is implied on the futures contract. That is:
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On the other hand, if the spot T‑bill rate were 10% at expiration, or ST = $1M/(1.10)91/365 = $976,518, the treasurer would lose $5,023 from closing the futures position: [$976,518‑$977,500]5.115 = ‑$5,023. With the inflow of $5 million, the treasurer would need to use $5,023 to settle the futures position, leaving her only $4,994,977 to invest in T‑Bills. However, with the price of the T‑bill lower in this case, the treasurer would again be able to buy 5.1151 T‑bills ($4,994,977/$976,518 = 5.1151), and therefore realize a 9.56% rate of return from the $5 million investment.  Note,  the hedge rate of 9.56% occurs for any rate scenario we use.

14.2.2 Long Futures Hedge: Hedging 182‑day Investment:

Synthetic Futures on 182‑day T‑Bill

Suppose in the preceding example, the treasurer in April was planning to invest the expected $5 million June cash inflow in T‑Bills for a period of 182 days instead of 91 days, and again wanted to lock in the investment rate.  Since the underlying T‑Bill on a futures contract has a maturity of 91 days, not 182, the treasurer would need to take two long futures positions: one position expiring at the end of 91 days (the June contract) and the other expiring at the end of 182 days (the September contract). By purchasing futures contracts with expirations in June and September, the treasurer would have the equivalent of one June T‑bill futures contract on a T‑bill with 182‑day maturity.


The implied futures rate of return earned on a 182‑day investment made in June, YTMf(June,182), is equal to the geometric average of the implied futures rate on the contract expiring in June, YTMf(June,91), and the implied futures rate on the contract expiring in September, YTMf(Sept,91). That is:
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In this example,  if the IMM‑index on the June T‑Bill contract is at 91 and the index on a September T‑Bill contract is at 91.4, then the implied futures rate on each contract's underlying T‑Bills would be 9.56% and 9.1%, respectively, and the implied futures rate on 182‑day investment made in June would be 9.3%. That is:
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To actually lock in the 182‑day rate for the $5 million investment, the treasurer would need to purchase 5.115 June contracts and 5.11 September contracts (again, assume perfect divisibility). That is, using a naive hedging model, the required hedging ratios would be:





nf(June)  = $5,000,000 = 5.115 contracts .






       $977,500





nf(Sept) = $5,000,000 = 5.11 contracts .






       $978,500


Suppose at the June expiration date, the spot 91‑day T‑Bill is trading at 8% and the spot 182‑day T‑bill is trading at 8.25%. The price on the spot T‑Bill and expiring June T‑Bill futures contract would be $980,995, and the spot price on 182‑day T‑Bill would be $961,243:



S(91) = fT(June,91) = [$1,000,000/(1.08)91/365] = $980,995 ,



S(182) = [$1,000,000/(1.0825)182/365] = $961,243 .

If the carrying‑cost model holds and the repo or risk‑free rate is the spot 91‑day T‑bill rate, then at the June expiration date, the price on the September T‑bill futures contract would be $979,865. That is:




f(Sept,91) = S(182)(1+R)91/365



f(Sept,91) = $961,243(1.08)91/365



f(Sept,91) = $979,865 .

If this is the case, then at the June expiration date, the treasurer would realize a profit of $24,852 from closing both futures contracts:




 (f (June) = [$980,995‑$977,500] 5.115 = $17,877 ,



  
 (f (Sept) = [$979,865‑978,500] 5.11  = $6,975 ,




Total Futures Profit = $17,877 + $6,975 = $24,852 .

After closing both futures, the treasurer would be able to invest the $5 million cash inflow plus the $24,852 futures profit in 182‑day spot T‑bills. With the spot price on the 182‑day T‑bills at S(182) = $961,243, the treasurer would be able to buy 5.227 182‑day T‑bills (F = $1 million):



Number of Spot T-bills = $5,000,000 + $24,852 = 5.227 .







     $961,243

At maturity (182 days later), the treasurer would receive $5,227,000. For a $5,000,000 investment, this represents a 9.3% rate of return ‑‑ the same rate we determined using Equation (18.2‑1). That is:
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In contrast, if spot rates at the June expiration date were higher at 10% and 10.25% on 91‑day and 182‑day T‑bills, respectively, then, as shown below, a $20,798 loss from closing both futures positions would result:




S(91) = fT(June,91) = $1,000,000/(1.10)91/365 = $976,518 ,




(f (June) = [$976,518‑$977,500] 5.115 = -$5,023 .




S(182) = $1,000,000/(1.1025)182/365 = $952,508 ,




f(Sept,91) = S(182)(1+R)91/365 ,




f(Sept,91) = $952,508(1.10)91/365 ,




f(Sept,91) = $975,413 ,




(f (Sept) = [$975,413‑$978,500] 5.11 = -$15,775 .




Total Futures Profit = $-5,023 - $15,775 = ‑$20,798 .

With the $5,000,000 cash inflow, the treasurer now would have to spend $20,798 to close the futures positions, leaving her with only $4,979,202 to invest in 182‑day T‑Bills. With the higher rates, though, 182‑day T‑Bills would be selling at only S(182) = $952,508. Thus, the treasurer would still be able to buy 5.227 182‑day T‑Bills, realizing a 9.3% rate of return from the $5 million investment:



Number of 182‑Day T-bills = $5,000,000 ‑ $20,798 = 5.227 .








  $952,508
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In summary, to lock in the rate on 182‑day T‑Bills to be purchased with cash inflows in September, the treasurer would need to take long positions in both June and September  T‑Bill futures contract, then at the September expiration date close the contracts and invest the cash inflows plus (or minus) the futures profit (costs) in 182‑day T‑Bills. By doing this, the treasurer in effect would be creating a June futures contract on a T‑Bill with a maturity of 182‑days.

Hedging a Future  91‑Day 

T‑Bill Investment with T-Bill Call

Suppose the treasurer expected higher short-term rates in June but was still concerned about the possibility of lower rates.  To be able to gain from the higher rates and yet still hedge against lower rates,  the treasurer could buy a June call option on a spot T-Bill or a June option on a T-Bill futures.  For example, suppose there was a June T-bill futures option  with an exercise price of 90 (X = 975,000), price of 1.25 (C = $3,125), and June expiration (on both underlying futures and option) occurring at the same time the $5M cash inflow is to be received. To hedge the 91-day investment  with this call,  the treasurer would need to buy 5.128205 calls at a cost of  $16,025.64:

[image: image8.wmf]Rate

M

M

=

L

N

M

O

Q

P

-

5

227

1

093

365

182

.

($1

)

$5

.

.

/


If T-bill rates were lower at the June expiration, then the treasurer would profit from the calls which she would be able to use to defray part of the cost of the higher priced T-bills.  As shown in Exhibit 14.2-2, if the spot discount rate on T-Bills is 10% or less, the Treasurer would be able to buy 5.112 91-day spot T-Bills with the $5M Cash inflow and profit from the calls, locking in a YTM of 9.3% on the $5M investment.  On the other hand, if T-bill rates were higher, then the treasurer would benefit from lower spot prices while her losses on the call would be limited to just the $16,025.64 costs of the calls.  In this case, for spot discount rates above 10%, the treasurer would be able to buy more T-bills the higher the rates, resulting in higher yields as rates increase.  Thus, for the cost of the call options, the treasurer is able to lock in a minimum YTM on the $5M June investment of 9.3% with the chance to earn a higher rate if short-term rates increase.   


Note, if the treasurer wanted to hedge a 182-day investment instead of 91-days with calls, then similar to the futures hedge, she would need to buy both June and September T-bill futures calls.  At the June expiration, the manager would then close both positions and invest the $5M inflow plus (minus) the call profits (losses) in 182-day spot T-Bills (this case is included as one of the end-of-the-chapter problems).

14.2.3 Short Hedge: Managing the Maturity Gap

As noted in the introduction,  short hedges are used when corporations, municipal governments, financial institutions, dealers, and underwriters  are planning to sell bonds or borrow funds at some future date and want to lock in the rate.  The converse of the above example would be a money market manager who instead of buying T-Bills was planning to sell her holdings of T-Bills in June  when the current bills would  have  maturities of 91 days or 182 days. To lock in a given revenue, the manager would go short in June T-Bill futures (if she plan to sell 91-day bills) or June and September futures (if she planned to sell 182-day bills). As illustrated in Exhibit 14.2-3, if short-term rates increase (decrease), causing T-Bill prices to decrease (increase), the money manager would receive less (more) revenue from selling the bills, but would gain (lose) when she closed the T-Bill futures contracts by going long in the expiring June (and September) contract. Several problems at the end of this chapter deal with such cases requiring the use of  T-Bill or Eurodollar futures to hedge a future investment sale. 


As noted, another important use of short hedges is in locking in the rates on future debt positions.  As an example, consider the case of a small bank with a maturity gap problem in which its short-term loan portfolio has an average maturity greater than the maturity of the CDs which it is using to finance the loans.  Specifically, suppose in June, the bank makes loans of $1M, all with a maturities of 180 days.  To finance the loan, though, suppose the bank’s customers prefer 90-day CDs to 180-day, and as a result, the bank has to sell $1M worth of 90-day CDs at a rate equal to the current LIBOR of 8.258%.  Ninety days later (in September) the bank would owe $1,019,758 = $1M(1.08258)90/365;  to finance this debt, the bank would have to sell $1,019,758 worth of 90-day CDs at the LIBOR at that time.  In the absence of a hedge, the bank would be subject to market risk.  If short-term rates increase, the bank would have to pay higher interest on its planned September CD sale, lowering the interest spread it earns (the rate from $1M 180-day loans minus interest paid on CDs to finance them); if rates decrease, the bank would increase its spread. 

Suppose the bank is fearful of higher rates in September and decides to minimize its exposure to market risk by hedging its $1,019,758 CD sale in September with a September Eurodollar futures contract trading at IMM = 92.1. To hedge the  liability, the bank would need [image: image9.wmf]n
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to go short in 1.03951 September Eurodollar futures (assume perfect divisibility):
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At a futures price of $981,000, the bank would be able to lock in a rate on its September CDs of 8.1%. With this rate and the 8.25% rate it pays on its first CDs,  the  bank would  pays 8.17% on its CDs over the 180-day period:

That is, when the first CDs mature in September, the bank will issue new 90-day CDs at the prevailing LIBOR to finance the $1,019,758 first CD debt plus (minus) any loss (profit) from closing its September Eurodollar futures position.  If the LIBOR in September has increased, the bank will have to pay a greater interest on the new CD, but it will realize a profit from its futures which, in turn, will lower the amount of funds it needs to finance at the higher rate.  On the other hand, if the LIBOR is lower, the bank will have lower interest payments on its new CDs, but it will also incur a loss on its futures position and therefore will have more funds that need to be financed at the lower rates.   The impact rates have on the amount of funds needed to be financed and the rate paid on them will exactly offset each other, leaving the bank with a fixed debt amount when the September CDs mature in December.  This can be seen in Exhibit 14.2-4, where the bank’s  December liability (the liability at end of the initial 180-day period)  is shown to be $1,039,509 given September LIBOR rate scenarios of  7.5% and 8.7% (this will be true at any rate).   Note, the debt at the end of 180 days of $1,039,509 equates to a September 90-day rate of 8.1% and a 180-day rate for the period of  8.17%: 
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Maturity Gap and the Carrying Cost Model

In the above example, we assumed the bank’s maturity gap was created as a result of the bank’s borrowers wanting 180-day loans and its investors/depositor wanting 90-day CDs. Suppose the bank, though, does not have a maturity gap problem; that is, it can easily sell 180-day CDs to finance its 180-day loan assets and 90-day CD to finance its 90-day loans. However, suppose that the September Eurodollar futures price was above its carrying cost value.  In this case, the bank would find that instead of financing with a 180-day spot CD, it would be cheaper if it financed its 180-day June loans with synthetic 180‑day CDs formed by selling 90‑day June CDs rolled over three months later with 90‑day September CDs, with the September CD rate locked in with a short position in the September Eurodollar futures contract.  For example, if the June spot 180-day CD were trading 96 to yield  8.63%, then the carrying cost value on the September Eurodollar contract would be 97.897 (97.897 = 96(1.08258)90/365).  If the September futures price were 98.1, then the bank would find it cheaper to finance the 180-day loans with synthetic 180-days CDs with an implied futures rate of 8.17% than with 180-day spot CD at a rate of 8.63%.  On the other hand, if the futures price is less than the carrying cost value, then the rate on the synthetic 180-day CDs would exceed the spot 180-day CD rate and the bank would obtain a lower financing rate with the spot CD.  Finally, if the carrying cost model governing Eurodollar futures prices holds, then the rate of the synthetic will be equal to rate on the spot; in this case, the bank would be indifferent to its choice of financing.  

Managing the Maturity Gap with Eurodollar Put

Instead of hedging its future CD sale with Eurodollar futures, the bank could alternatively buy put options on either a Eurodollar or T-Bill or put options on a Eurodollar futures or T-bill futures.  In the above case, suppose the bank decides to hedge its September CD sale by buying a September T-bill futures put with an expiration coinciding with the maturity of its June CD, an exercise price of 90 (X = $975,000) , and a  premium of  .5  (C = $1,250).   With the September debt from the June CD of $1,019,758, the bank would need to buy 1.0459056 September T-bill futures puts at a total cost of $1,307 to hedge the rate it pays on its September CD:
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If rates at the September expiration are higher such that the discount rate on T-Bills is greater than 10%, then the bank will profit from the puts.  This profit  would  serve to  reduce part of the  $1,019,750 funds it would  need to finance  the maturing June CD which, in turn, would help to negate the higher rate it would have to pay on its September CD. As shown in Exhibit 14.2-5, if the T-bill discount yield is 10% or higher and the bank’s 90-day CD rate is .25% more than the yield on T-Bills, then the bank would be able to lock in a debt obligation 90 days later of $1,047,500, for an effective 180-day rate of 9.876%.   On the other hand, if rates decrease such that the discount rate on a spot T-Bill is less than 10%, then the  bank would be able to finance its $1,047,500 debt at lower rates, while its losses on its T-bill futures puts would be limited to the premium of $1,307.  As a result, for lower rates the bank would realize  a lower debt obligation 90 days later and therefore a lower rate paid over the 180-day period. Thus, for the cost of the puts,  hedging the maturity gap  with puts allows the bank to lock in a maximum rate paid on debt obligations with the possibility of paying lower rates if interest rates decrease. 

14.2.4 Short Hedge: Hedging a Variable Rate Loan 

As a second example of a short naive hedge, consider the case of a corporation obtaining  a one-year, $1 million variable rate loan from a bank. In the loan agreement, suppose the  loan starts on date 9/20 at a rate of 9.5% and then is  reset on 12/20, 3/20, and 6/20 to equal the spot LIBOR (annual) plus 150 basis points (.015 or 1.5%) divided by four: (LIBOR+.015)/4.


To the bank this loan represents a variable rate asset, which it can hedge against interest rate changes by issuing 90‑day CDs each quarter that are tied to the LIBOR. To the corporation, though, the loan subjects them to interest rate risk (unless they are using the loan to finance a variable rate asset). To hedge this variable rate loan, though, the corporation could go short in a series of Eurodollar futures contracts – Eurodollar strip. For this case, suppose the company goes short in contracts expiring at 12/20, 3/20, and 6/20 and trading at the following prices:
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The locked‑in rates obtained using Eurodollar futures contracts are equal to 100 minus the IMM index plus the basis points on the loans:
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For example, suppose on date 12/20, the assumed spot LIBOR is 9%, yielding a settlement IMM index price of 91 and a closing futures price of 97.75 per $100 face value. At that rate, the corporation would realize a profit of $1,250 from having it short position on the 12/20 futures contract. That is:




fo = (100 ‑ (100‑91.5)(.25) ($1 M) = $978,750





        100




fT = (100 ‑ (100‑91)(.25) ($1 M) = $977,500





        100




Profit on 12/20 contract = $978,750 ‑ $977,500 = $1,250 .

At the 12/20 date, though, the new interest that the corporation would have to pay for the next quarter would be set at $26,250:




12/20 Interest = [(LIBOR + .015)/4]($1 M)




12/20 Interest = [(.09+.015)/4]($1 M)




12/20 Interest = $26,250 .
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Subtracting the futures profit from the $26,250 interest payment (and ignoring the time value factor) the corporation's hedged interest payment for the next quarter is $25,000. On an annualized basis, this equates to a 10% interest on a $1M loan, the same rate as the locked-in rate:

On the other hand, if the 12/20 LIBOR were 8%, then the quarterly interest payment would be only $23,750 ((.08+.015)/4)($1M) = $23,750). This gain to the corporation, though, would be offset by a $1,250 loss on the futures contract (i.e., at 8%, fT = $980,000, therefore, profit on the 12/20 contract is $978,750 - $980,000 = -$1,250). As a result, the total quarterly debt of the company again would be $25,000 ($23,750+$1,250). Ignoring the time value factor, the annualized hedged rate the company pays would again be 10%. Thus, the corporation's short position in the 12/20 Eurodollar futures contract at 91.5 enables it to lock‑in a quarterly debt obligation of $25,000 and 10% annualized borrowing rate. The interest payments, futures profits, and effective interests on date 12/20 are summarized in Exhibit 14.2-6


Given the other locked-in rates, the one‑year fixed rate for the corporation on its variable rate loan hedged with the Eurodollar futures contracts would therefore be  9.6873%:
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Note, in practice the corporation could have obtained a one-year fixed rate loan.  With futures contracts, though, the company now has a choice of taking  either a fixed rate loan or a synthetic fixed rate loan formed with a variable rate loan and short position in a Eurodollar futures contract, whichever is cheaper.  Also, note that the corporation could have used a series of Eurodollar puts or futures puts to hedge it variable rate loan. With a put hedge, each quarter the company would be able to lock in a maximum rate on its loan with the possibility of a lower rate if interest rates decrease. A case of hedging a variable rate loan with puts is included as one of the end-of-the-chapter problems. 

14.2.5 Other Uses of Naive Hedging Models
Naive hedging models can be applied to a number of other cases in which the spot security to be hedged is identical or highly correlated with the security underlying the futures contract. For example, a fixed‑income portfolio manager planning to purchase T‑Bonds at a future date could hedge against changes in long‑term interest rates by going long in T‑Bond futures contracts. Similarly, a money market fund could offer investors a two‑year fixed rate by investing the fund in current 91 or 182‑day T‑bills or Eurodollar CDs, then locking in the reinvestment rates by going long in a series of T‑Bill or Eurodollar futures contracts with different expiration dates. Finally, a government bond dealer who purchases T‑bonds, notes, or bills, then sells them over a certain period of time, could minimize his exposure to interest rate changes by hedging the spot position with Treasury futures. Some of these applications are included as part of the problems at the end of this chapter. 


In all of the cases in this section, the securities underlying the futures were identical or highly correlated to the spot securities to be hedged. In such cases, a naive hedging model which matches either the face value of the spot position with the market value of the futures or the current value of the spot position with the futures value will be effective. We now turn to cross hedging cases in which the K‑C Price‑Sensitivity model is usually more effective.

14.3 CROSS‑HEDGING INTEREST RATE POSITIONS

14.3.1 Kolb‑Chiang Price Sensitivity Model
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The Kolb‑Chiang (K‑C) price sensitivity model for hedging debt positions determines the number of futures contracts which will make the value of a portfolio consisting of a fixed‑income security and an interest rate futures contract invariant to small changes in interest rates. The derivation of this model is presented in Appendix 14A at the end of this chapter. The optimum number of futures contracts that achieves this objective is:

where:

DURs = duration of the bond being hedged.

DURf = duration of the bond underlying the futures contract (for T-bond futures this would be the cheapest to deliver bond).

YTMs = yield to maturity on the bond being hedged.

YTMf = yield to maturity implied by the futures contract.


The K-C model also can be extended to hedging with put or call options.  The number of options  (calls for hedging long positions and puts for short positions) using the K-C model is: 
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where:

Duroption = duration of the bond underlying the option contract.

YTMoption = yield to maturity on the option’s underlying bond.

14.3.2 Hedging a Commercial

Paper Issue: Example 

Suppose in June, the treasurer of the ABC Manufacturing Company  makes plans to sell CP in September in order to finance the purchase of the company's raw materials needed for its fall production levels. To ensure funds of $9,713,635,  the treasurer would like to issue CP  in September with a face value of $10 million,  maturity of 182 days, and at the  current CP rate of 6%.   Fearing short‑term interest rates could increase over the next three months,  the treasurer  would like to hedge the future  CP issue by taking a short position in September T‑Bill futures contracts trading at IMM = 95.  Using the KC price-sensitivity model, this could be accomplished with 20 September T-Bill futures contracts:
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To illustrate the impact of the hedge, suppose the 182‑day CP issue is sold at the September futures' expiration at a price that reflects an annual discount yield (RD) that is 0.25 higher than the spot T‑Bill discount yield. As shown in Exhibit 14.3‑1, with 20 September T‑Bill futures contracts, the treasurer would be able to lock in $9,737,500 cash proceeds from selling the CP issue and closing the futures contracts. With $9,737,500 cash locked in, his  hedged rate on the 182‑day hedged CP issue would be 5.48%:
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14.3.3 Hedging a Bond Portfolio With T-Bond Futures: Example
T‑Bond futures and options contracts often are used by fixed‑income portfolio managers to protect the future values of their portfolios against interest rate changes. To see this, suppose in January a fixed‑income portfolio manager believes that she may be required to liquidate the fund's long‑term bond holdings in mid‑May. Also, suppose the bond portfolio has an aggregate face value of $1 million, average coupon rate of 12%, average maturity of 15 years, and currently is valued at 102 per $100 par value. The estimated YTM on the bond portfolio is 11.75% and its duration is 7.36 years. Further, suppose the manager is considering hedging the portfolio against interest rate changes by going short in June T‑bond futures contracts that currently are trading at fo = 72 16/32. Finally, suppose that after tracking several bonds, a T‑bond futures expert advises the manager that a T‑bond trading at a YTM of 9% and with a duration of 7 years is the most likely bond to be delivered on the June futures contract. Using the K‑C Price‑Sensitivity model, the portfolio manager could hedge the bond portfolio by selling 14 futures contracts. That is:
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If the manager hedges the bond portfolio with 14 June T‑bond short contracts, she will be able to offset changes in the bond portfolio's value resulting from interest rate changes. For example, suppose interest rates increased from January to mid‑May causing the price of the bond portfolio to decrease from 102 to 95 and the futures price on the June T‑bond contract to decrease from 72 16/32 to 68 22/32. In this case, the fixed‑income portfolio would lose $70,000 in value (decrease in value from $1,020,000 to $950,000). This loss, though, would be partially offset by a profit of $53,375 on the T‑bond futures position:



Futures Profit = 14[$72,500 ‑ $68,687.50] = $53,375.

Thus, by using T‑bond futures the manager is able to reduce some of the potential losses in her portfolio value that would result if interest rates increase.

14.3.3 Hedging a Bond Portfolio With T-Bond Puts: Example

Suppose a bond portfolio manager planned to liquidate part of his portfolio three months later in September.  The portfolio he planned to sell consist of AAA, AA, and A bonds, with a weighted average maturity of 15.25 years,  face value of $10M,  weighted average yield of 10%, and portfolio duration of 10.  Suppose the manager would like to benefit from lower long-term rates that he expects to occur in the future but would also like to protect the portfolio sale against the possibility of a rate increase.  To achieve this dual objective, the manager could buy a put or futures put on a T-bond.  Suppose there is a September 95 (X = $95,000) T-Bond put option trading at 1-5 (P = $1156) with the underlying T-bond having a current maturity of 15.25 years (15 years at the put’s expiration), duration of 9.818,  face value of $100,000 and currently priced  to yield 8%.    Using the K-C model, the manager would need to buy 105.26316   puts at a cost of $121,684 to hedge his bond portfolio:
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If long-term rates were to increase such that in September 15-year T-bonds were trading at 95 or higher, then the  manager would be able to liquidate his portfolio at higher prices and his losses on the puts would be limited to the $123,684 cost.  On the other hand, if rates were to decrease such that T-bond prices were 95 or less, then the manager would profit from the puts, offsetting the lower revenues from the bond portfolio sale.  Exhibit 14.3-2 shows the hedged and unhedged revenues from the bond sale for a number of T-bond spot price and bond portfolio yield combinations. 

14.3.4 Hedging Risk

In Chapter 12, we noted that most hedging positions are subject to three types of hedging risk: quality, quantity, and timing risk.  The three examples in this section illustrate how cross hedges can be formed using the price-sensitivity model to address quality risk problems.  In those and the other examples presented in this chapter, we’ve assume there was no quantity or timing risk; that is, we’ve assumed both perfect divisibility and cases where the futures or options contract expired at the time the spot position was to be opened  or closed. In practice, such assumptions are the exception. As we noted in Chapter 12, most hedging position are subject to some type of hedging risk. The realistic objective of hedging debt positions is to minimize market risk, not eliminate it.

14.4 CONCLUSION
During the 1970s and 1980s, the U.S. economy experienced relatively sharp swings in interest rates. The resulting volatility in rates, in turn,  increased the exposure of many debt positions to market risk.  Faced with this risk, many corporate borrowers, money managers, intermediaries, and bond portfolio mangers increased their use of  futures and option contracts on debt securities as a hedge against such risk.  In this chapter,  we’ve examined just how futures and options contracts on debt securities can be used by banks and financial intermediaries to manage the maturity gaps between loans and deposits, by corporations and financial institutions to fix the rates on variable rate loans, and by fixed‑income portfolio managers, money managers, investment bankers, and security dealers in locking in the future purchase or selling price on their fixed‑income securities. 

One feature of exchange-traded futures and option contracts to keep in mind is that their expirations only go out two years.  An institutional investor hoping to lock in a rate on the investment of future cash flows or the sale of bonds in two years or more  would not be able to use futures to achieve this end.  For large institutional investors, there  are dealers who  may create  forward contracts that extend beyond two years, and as we will examine in Chapter 15, there are interest rate swap positions with maturities between three and five years that can used for moderately longer-term hedging purposes.  
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Exhibit 14.2-2

[image: image23.wmf]Long Hedging with T

-

Bill Futures

R

P

TBill

A

Þ

B

Loss

on

futures

Lower

T

Bill

Costs

-

R

P

TBill

B

Þ

A

profit

on

futures

Greater

T

Bill

Costs

-



[image: image24.wmf]Hedging $5M CF in June with 

June T

-

Bill Futures Call

p

p

C

T

TB

C

T

TB

Max

S

n

M

S

YTM

n

M

M

=

-

-

=

+

=

L

N

M

O

Q

P

-

5

128205

000

0

125

1

365

91

.

[

(

$975

,

,

]

$3

,

]

$5

($1

)

$5

/

Call: X = 90 (975,000), C = 1.25 ($3,125), n = 5.1282051

1

2

3

4

5

Spot Rate: R

Spot Price

Profit/Loss

nTB

YTM

8

980000

9615.38456

5.112

0.093

8.5

978750

3205.12819

5.112

0.093

9

977500

-3205.1282

5.112

0.093

9.5

976250

-9615.3846

5.112

0.093

9.75

975625

-12820.513

5.112

0.093

10

975000

-16025.641

5.112

0.093

10.25

974375

-16025.641

5.115

0.096

10.5

973750

-16025.641

5.118

0.098

10.75

973125

-16025.641

5.122

0.101

11

972500

-16025.641

5.125

0.104

11.25

971875

-16025.641

5.128

0.107

Exhibit 14.2-3

[image: image25.wmf]Short Hedging with T

-

Bill Futures

R

P

TBill

A

Þ

B

profit

on

futures

Lower

T

Bill

revenue

-

R

P

TBill

B

Þ

A

loss

on

futures

Greater

T

Bill

revenue

-



Exhibit 14.2-5
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� See Kolb and Chiang (1981) and Toers and Jacobs (1986).
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y $26,250 on 

its loan the next quarter but it will also have a profit on its 

12/20 Eurodollar 

futures of $1,250 which it can use to defray part of the interes

t expenses, 

yielding an effective hedged rate of 10%.

10

.

M

1

$

)

000

,

25

($

4

R

Rate

Effective

000

,

25

$

250

,

1

$

250

,

26

$

Interest

Effective

250

,

26

$

)

M

1

($

4

015

.

09

.

)

M

1

($

4

BP

150

LIBOR

Interest

250

,

1

$

)

M

1

($

100

75

.

97

875

.

97

75

.

97

)

25

(.

9

100

S

LIBOR

100

S

:

price

Settlement

:

Futures

%

9

LIBOR

:

20

/

12

A

f

T

T

=

=

=

=

-

=

=

+

=

+

=

=

-

=

p

=

-

=

-

=

=

[image: image57.wmf]•

If the LIBOR is at 6% on date 12/20, the company will have to pay only $18,750

on its loan the next quarter but it will also have to cover a  loss  on its 12/20

Eurodollar futures of $6,250.  The payment of  interest and the loss on the

futures yields an effective hedged rate of 10%.
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Issue with T
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If CP sold at a discount yield that was 25 BP greater than the 

discount yield on T

-

Bills, then the company would be able to lock in 

a rate on its CP of 5.48%.
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Hedge Bond Portfolio Sale:
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Exhibit 14.2-4

Managing the Maturity Gap
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Fixing a Variable Rate Loan

		If the LIBOR is at 9% on date 12/20, the company will have to pay $26,250 on its loan the next quarter but it will also have a profit on its 12/20 Eurodollar futures of $1,250 which it can use to defray part of the interest expenses, yielding an effective hedged rate of 10%.
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Hedging A Future CP 

Issue with T-Bills: Cross Hedge

		If CP sold at a discount yield that was 25 BP greater than the discount yield on T-Bills, then the company would be able to lock in a rate on its CP of 5.48%.
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Hedging Future Bond Portfolio

Sale With T-Bond Puts

		Hedge Bond Portfolio Sale:
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Maturity Gap Hedged with T-Bill Puts
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 Hedging $5M CF in June with 

June T-Bill Futures Call
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						6.5			983750			-2500			986250			0.0571047198


						6.25			984375			-2500			986875			0.0544220127


						6			985000			-2500			987500			0.0517478058


						5.75			985625			-1875			987500			0.0517478058


						5.5			986250			-1250			987500			0.0517478058


						5.25			986875			-625			987500			0.0517478058


						5			987500			0			987500			0.0517478058


						4.75			988125			625			987500			0.0517478058
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						T-Bond: M = 15yrs at T; Coupon = 6%						Put: X = 94,000, P = 1000


						1			2			3			4			5


															Long Put			Revenue


						Spot Index			Spot Price			Estimated YTM			Profit/Loss			Col 2 + Col 4


						91			91000			0.0691099476			2000			93000


						91.5			91500			0.0685813751			1500			93000


						92			92000			0.0680555556			1000			93000


						92.5			92500			0.0675324675			500			93000


						93			93000			0.0670120898			0			93000


						93.5			93500			0.0664944014			-500			93000


						94			94000			0.0659793814			-1000			93000


						94.5			94500			0.0654670094			-1000			93500


						95			95000			0.064957265			-1000			94000


						95.5			95500			0.0644501279			-1000			94500


						96			96000			0.0639455782			-1000			95000


						96.5			96500			0.0634435963			-1000			95500
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						Call: X = 90 (975,000), C = 1.25 ($3,125), n = 5.1282051


						1			2			3			4			5


						Spot Rate: R			Spot Price			Profit/Loss			nTB			YTM


						8			980000			9615.3845625			5.1118524332			0.0927952576


						8.5			978750			3205.1281875			5.1118315486			0.09277735


						9			977500			-3205.1281875			5.1118106105			0.0927593969


						9.5			976250			-9615.3845625			5.1117896189			0.092741398


						9.75			975625			-12820.51275			5.1117791029			0.0927323814


						10			975000			-16025.6409375			5.1117685734			0.0927233532


						10.25			974375			-16025.6409375			5.11504745			0.0955374236


						10.5			973750			-16025.6409375			5.1183305356			0.0983605535


						10.75			973125			-16025.6409375			5.1216178385			0.1011927781


						11			972500			-16025.6409375			5.1249093666			0.1040341326


						11.25			971875			-16025.6409375			5.1282051283			0.1068846521
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Call: X = 90 (975,000), C = 1.25 ($3,125), n = 5.1282051


1 2 3 4 5


Spot Rate: R Spot Price Profit/Loss nTB YTM


8 980000 9615.384565.112 0.093


8.5 978750 3205.128195.112 0.093


9 977500 -3205.1282 5.112 0.093


9.5 976250 -9615.3846 5.112 0.093


9.75 975625 -12820.513 5.112 0.093


10 975000 -16025.641 5.112 0.093


10.25 974375 -16025.641 5.115 0.096


10.5 973750 -16025.641 5.118 0.098


10.75 973125 -16025.641 5.122 0.101


11 972500 -16025.641 5.125 0.104


11.25 971875 -16025.641 5.128 0.107
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Long Hedging with T-Bill Futures
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Short Hedging with T-Bill Futures
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		If the LIBOR is at 6% on date 12/20, the company will have to pay only $18,750 on its loan the next quarter but it will also have to cover a  loss  on its 12/20 Eurodollar futures of $6,250.  The payment of  interest and the loss on the futures yields an effective hedged rate of 10%.
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