CHAPTER 12

FUTURES ON DEBT SECURITIES

12.1 INTRODUCTION

In the 1840s, Chicago emerged as a transportation and distribution center for agriculture products.  Midwestern farmers transported and sold their products to wholesalers and merchants in Chicago, who often would store and later transport the products by either rail or the Great Lakes to population centers in the East.  Partly because of the seasonal nature of grains and other agriculture products and partly because of the lack of adequate storage facilities, farmers and merchants began to use forward contracts as a way of circumventing storage costs and pricing risk.  These contracts were agreements in which two parties agreed to exchange commodities for cash at a future date, but with the terms and the price agreed upon in the present.  For example, an Ohio farmer in June might agree to sell his expected wheat harvest to a Chicago grain dealer in September at an agreed‑upon price.  This forward contract enabled both the farmer and the dealer to lock a September wheat price in June.


In 1848, the Chicago Board of Trade (CBT) was formed by a group of Chicago merchants to facilitate the trading of grain.  This organization subsequently introduced the first standardized forward contract, called a `to‑arrive' contract.  Later, it established rules for trading the contracts and developed a system in which traders ensured their performance by depositing good‑faith money to a third party (i.e., margin requirements).  These actions made it possible for speculators as well as farmers and dealers who were hedging their positions to trade their forward contracts.  By definition, futures are marketable forward contracts.  Thus, the CBT evolved from a board offering forward contracts to the first organized exchange listing futures contracts ‑‑ a futures exchange.


Since the 1840s, as new exchanges were formed in Chicago, New York, and other large cities throughout the world, the types of futures contracts grew from grains and agricultural products to commodities and metals and finally to financial futures: futures on foreign currency, debt securities, and security indices.  Because of their use as a hedging tool by financial managers and investment bankers, the introduction of financial futures in the early 1970s led to a dramatic growth in futures trading.  In the U.S., the annual volume of futures trading grew from less than 20 million contracts in the early 1970s to approximately 200 million by the end of decade. 

The financial futures market formally began in 1972 when the International Monetary Market (IMM), a subsidiary of the Chicago Mercantile Exchange (CME), began offering futures contracts on foreign currency. In 1976, the IMM extended its listings to include a futures contract on a Treasury bill. The CBT introduced in 1975 its first futures contract, a contract on the GNMA pass through, and in 1977 the CBT introduced a Treasury Bond futures contract. The Kansas City Board of Trade was the first exchange to offer trading on a futures contract on a stock index, when it introduced the Value Line Composite Index contract (VLCI) in 1983.
 This was followed by the introduction of the SP 500 futures contract by the CME and the NYSE index futures contract by the New York Futures Exchange (NYFE). Exhibit 12.1‑1 lists the major futures exchanges and the general types of contracts they list.  


While the 1970s marked the advent of financial futures, the 1980s saw the globalization of futures markets with the openings of the London International Financial Futures Exchange (1982), Singapore International Monetary Market (1986), Toronto Futures Exchange (1984), New Zealand Futures Exchange (1985), and Tokyo Financial Futures Exchange (1985). The increase in the number of futures exchanges internationally led to a number of trading innovations: 24‑hour world-wide trading, GLOBEX (an after‑hour computer trading system introduced by the CME), multiple listings, and cooperative linkage agreements between exchanges that allow futures traders to open a position in one market and close it in another. The growth in the futures market also led to the need for more governmental oversight to ensure market efficiency and guard against abuses. In 1974 the Commodity Futures Trading Commission (CFTC) was created by Congress to monitor and regulate futures trading and the National Futures Association (NFA), a private agency, also was established to oversee futures trading.


Formally, a forward contract is an agreement between two parties to trade a specific asset at a future date with the terms and price agreed upon today. A futures contract, in turn, is a 'marketable' forward contract, with marketability provided through futures exchanges which not only list hundreds of contracts that can be traded but provide the mechanisms for facilitating trades. In contrast, forward contracts are provided by financial institutions and dealers and are less standardized.   In this chapter, we examine the markets and uses of futures contracts on debt securities. In Chapters 13, 14, and 15 we will focus on markets and uses of some of the other debt and interest rate derivatives: options and futures options on debt securities, interest rate options,  and swap contracts.

12.2 CHARACTERISTICS OF FUTURES ON DEBT SECURITIES
The characteristics of selected interest rate futures are summarized in Exhibit 12.2‑1. Of these contracts, the four most popular are T‑bonds, T‑notes, Eurodollar deposits, and T‑bills. The T‑bill and Eurodollar futures are listed on the IMM exchange and represent contracts on short‑term debt securities; T‑note and T‑bond futures are traded on the CBT and represent contracts on intermediate and long‑term securities, respectively.

12.2.1 T‑Bill Futures
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T‑bill futures contracts call for the delivery (short position) or purchase (long position) of a T‑bill with a maturity of 90, 91, or 92 days and a face value (F) of $1 million.
  Futures prices on T‑bill contracts are quoted in terms of the IMM index. This index is equal to 100 minus the annual percentage discount yield (RD). Given a quoted IMM index value and a face value on the underlying T‑bill of $1,000,000, the actual contract price on the T‑bill futures contract is:
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Note, the IMM index is quoted on the basis of a 90‑day T‑bill with a 360‑day year (this implies that a one-point move in the index would equate to a $2,500 change in the futures price). The implied yield to maturity (YTM) on a T‑bill that is delivered on the contract is found using 365 days and the actual maturity on the delivered bond (90, 91, or 92 days). For example, if the IMM index on the futures is at 92.5 (RD = 7.5%), then the futures contract price for the T‑bill would be $981,250 and the implied YTM for a 91‑day T‑bill would be 7.89%. That is:
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Expiration months on T‑bill futures are March, June, September, and December, and extend out about two years. The last trading day occurs during the third week of the expiration month, on the business day preceding the issue of spot T‑bills (T‑bills are auctioned each week). Delivery can take place on that day or any other remaining day of the expiration month.

12.2.2 Eurodollar Futures Contract
A Eurodollar deposit is a time deposit in a bank located or incorporated outside the United States. The interest rates paid on such deposits are quoted in terms of the London Interbank Offer Rate (LIBOR), which is the average rate paid by a sample of London Euro‑banks on Eurodollar deposits held for 90 days. The IMM's futures contract on the Eurodollar deposit calls for the delivery or purchase of a Eurodollar deposit with a face value of $1 million and a maturity of 90 days. Like T‑bill futures contracts, Eurodollar futures are quoted in terms of the IMM index, with the actual contract price found by using Equation (12.2‑1). Also, like T‑bill futures, the expiration months on Eurodollar futures contracts are March, June, September, and December and extend for about two years with the last trading day being the second business day before the Wednesday of the expiration month.


The major difference between the Eurodollar and T‑bill contracts is that Eurodollar contracts have cash settlement at delivery while T‑bill contracts call for the actual delivery of the instrument. When a Eurodollar futures contract expires, the cash settlement is determined by the futures price and the settlement price. The settlement price or expiration futures index price is 100 minus the three‑month LIBOR offered by selected banks on the expiration date:

(12.2‑2)

Expiration Futures Price = 100 ‑ LIBOR.

12.2.3 T‑Bond and T‑Notes Futures Contracts
T‑bond futures contracts call for the delivery or purchase of a T‑bond with a maturity or earliest call date of at least 15 years. T‑note contracts are similar, except they call for the delivery or purchase of T‑notes with maturities between 6 1/2 and 10 years. Given their similarities, we will examine the characteristics of just the T‑bond contract.


The T‑bonds futures contract is based on the delivery of a bond with a specified coupon (semi‑annual payments) and face value of $100,000. The delivery months on the contracts are March, June, September, and December, going out approximately two years; delivery can occur at any time during the delivery month. Finally, to ensure liquidity, a number of T‑bonds are eligible for delivery, with a conversion factor used to determine the price of the deliverable bond. Since T‑bonds futures contracts allow for the delivery of a number of T‑bonds at any time during the delivery month, the CBT's delivery procedure on such contracts is more complicated than the procedures on other futures contracts. The T-bond delivery procedure is discussed in Appendix A at the end of this chapter.

12.3 THE NATURE OF FUTURES TRADING

AND THE ROLE OF THE CLEARINGHOUSE
12.3.1 Futures Positions
An investor or hedger can take one of two positions on a futures contract: a long position (or futures purchase) or a short position (futures sale). In  a long futures position, one agrees to buy the contract's underlying asset at a specified price, with the payment and delivery to occur on the expiration date (also referred to as the delivery date); in a short position, one agrees to sell an asset at a specific price, with delivery and payment occurring at expiration.


To illustrate how positions are taken, suppose in June, Speculator A believes that the Federal Reserve will expand its open market purchases over the next six months leading to lower interest rates and higher prices on T-bills. With hopes of profiting from this expectation, suppose Speculator A decides to take a long position in a September T-Bill  futures contract and instructs her broker to buy one September futures contract listed on the IMM (one contract calls for the purchase of a T-bill with $1M face value and maturity of 91 days). To fulfill this order, suppose A's broker finds a broker representing Speculator B, who believes that an expanding economy and tighter monetary policy in the ensuing months will push short-term rates up and prices down   and as such is wanting to take a short position in the September T-Bill contract. After negotiating with each other, suppose the brokers agree to a price  on the September contract for their clients that is equal to the IMM index of 90 (RD = 10) or f0 = $975,000.   In terms of futures positions, Speculator A would have a long position in which she agrees to buy a 91-day T-Bill with a face value of $1M for $975,000  from Speculator B at the delivery date in September, and Speculator B would have a short position in which he agrees to sell a 91-day T-Bill to  A at the delivery date in September. That is:

	Agreement to Deliver:

	A


	----------f0 = $975,000------->

<-------Sept.T-Bill-----------
	B





If both parties hold their contracts to delivery, their profits or losses would be determined by the price of the T-bill on the spot market (also called cash, physical or actual market). For example, suppose the Fed does engage in expansionary monetary policy, causing the spot discount yield on T-Bills to fall to RD = 9% at the time of the expiration date on the September futures contracts.  At 9%, the spot price (S) on a T-bill with $1M face value would be $977,500. Accordingly, Speculator A would be able to buy a 91-day T-Bill on her September futures contract at $$975,000 from Speculator B, then sell the bill for $977,500 on the spot market to earn a profit of $2,500.   On the other hand, to deliver a T-Bill on the September contract, Speculator B would have to buy the security  on the spot market for $$977,500, then sell it on the futures contract to Speculator A for $975,000, resulting in a $2,500 loss.

12.3.2 Clearinghouse

To provide contracts with marketability, futures exchanges use clearinghouses. The clearinghouses associated with futures exchanges guarantee each contract and act as intermediaries by breaking up each contract after the trade has taken place. Thus, in the above example, the clearinghouse (CH) would come in after Speculators A and B have reached an agreement on the price of a September T-Bill, becoming the effective seller on A's long position and the effective buyer on B's short position. That is:

	Agreements to Deliver:

	A


	---------f0 = $975,000–>

<---Sept. T-Bill--------
	CH
	
	

	
	
	CH
	--f0 = $975,000.–>

<--Sept.T-Bill-----
	B




Once the clearinghouse has broken up the contracts, then A's and B's contracts would be with the clearinghouse. The clearinghouse, in turn, would record the following entries in its computers:

	
	Clearinghouse Record:

	  1.

  2.
	Speculator A agrees to buy September T-Bill  at $975,000 from the  clearinghouse.

Speculator B agrees to sell September T-Bill at $975,000 to the clearinghouse.



The intermediary role of the clearinghouse makes it easier for futures traders to close their positions before expiration. To see this, suppose that in June, short-term interest rates drop, leading speculators such as C to want to take a long position in the September T-Bill contract. Seeing a profit potential from the increased demand for long positions in the September contract, suppose Speculator A agrees to sell a September T-Bill futures contract to Speculator C for $976,250 (RD = 9.5% and IMM = 90.5). Upon doing this, Speculator A now would be short in the new September contract, with Speculator C having a long position, and there now would be two contracts on September T-Bills. Without the clearinghouse intermediating, the two contracts can be described as follows:

Agreements to Deliver:

	C
	 ------------$976,250---->

<---------Sept.T-Bill----
	A


	-----$975,000---->

<--Sept. T-Bill---
	B


After the new contract between A and C has been established, the clearinghouse would step in and break it up. For Speculator A, the clearinghouse's record would now show the following:

	
	Clearinghouse Records for Speculator A:

	  1.

  2.
	Speculator A agrees to BUY September T-Bill from the clearinghouse for $975,000.

Speculator A agrees to SELL September wheat to the clearinghouse for $976,250.


Thus:



	CH
	 ---$1250->
	A




The clearinghouse accordingly would close Speculator A's positions by paying her $1,250 (at expiration). Since Speculator A's short position effectively closes her position, it is variously referred to as a closing, reversing out, or offsetting position or simply as an offset. Thus, the clearinghouse makes it easier for futures contracts to be closed prior to expiration.


Commission and delivery costs cause most futures traders to close their positions instead of taking delivery. As the delivery date approaches, the number of outstanding contracts (referred to as open interest) declines, with only a relatively few contracts still outstanding at delivery. Moreover, at expiration, the contract prices on futures contracts established on that date (fT) should be equal (or approximately equal) to the prevailing spot price on the underlying asset (ST). That is:

At Expiration: fT = ST.

If fT does not equal ST at expiration, an arbitrage opportunity would exist. Arbitrageurs could take a position in the futures contract and an opposite position in the spot market. For example, if the September T-Bill  futures contracts were trading  at $977,000 on the delivery date in September and the spot price on T-bills was $977,500, an arbitrageur could go long in the September contract, take delivery by buying the T-Bill  at $977,000 on the futures contract, then sell the bill  on the spot at $977,500 to earn a riskless profit of $500. The arbitrageur’s efforts to take a long position, though, would drive the contract price up to $977,500. On the other hand, if fT exceeds $977,500, then an arbitrageur would reverse their strategy, pushing fT down to $977,500. Thus, at delivery arbitrageurs will ensure that the prices on expiring contracts are equal to the spot price. As a result, closing a futures contract with an offsetting position at expiration will yield the same profits or losses as closing futures positions on the spot by purchasing (selling) the asset on the spot and selling (buying) it on the futures contract.


Returning to our example, suppose near the delivery date on the September contract the spot T-Bill price and the price on the expiring September futures contracts are $977,500 (RD = 9% or IMM = 91). To close his existing short contract, Speculator B would need to take a long position in the September contract, while to offset her existing long contract, Speculator C would need to take a short position. Suppose Speculators A and B take their offsetting positions with each other on the expiring September wheat contract priced at fT = ST = $977,500. After the clearinghouse breaks up the new contract, Speculator B would owe the clearinghouse $2500 and Speculator C would receive $1250 from the clearinghouse. That is:

	
	Clearinghouse Records for Speculator B:

	  1.

  2.
	Speculator B agrees to SELL September T-Bill to CH for $975,000.

Speculator B agrees to BUY September T-Bill from CH at $977,500.


	B
	---$2500--->
	CH




	
	Clearinghouse Records for Speculator C:

	  1.

  2.
	Speculator B agrees to BUY September T-Bill at $976,250.

Speculator B agrees to SELL September T-Bill for $977,500.


	CH
	---$1250--->
	C





To recapitulate, in this example, the contract prices on September T-Bill contracts went from $$975,000 on the A and B contract, to $976,250 on the A and C contract, to $977,500 on the B and C contract at expiration. Speculators A and C each received $1250 from the clearinghouse, while Speculator B paid $2500 to the clearinghouse, the clearinghouse with a perfect hedge on each contract received nothing (other than clearinghouse fees attached to the commission charges), and no T-Bill was actually purchased or delivered.

12.4 FUTURES HEDGING
Futures markets  provide investors, businesses, and other economic entities a means for hedging their particular spot positions against adverse price movements.  Two hedging positions exist: long hedge and short hedge. In a long hedge (or hedge purchase), a hedger takes a long position in a futures contract to protect against an increase in the price of the underlying asset or commodity. Long hedge positions on debt securities are used by money market and bond managers to lock in their future costs on future bond purchases. In a short hedge, one takes a short futures position to protect against a decrease in the price of the underlying asset. In contrast to long hedging, short hedge positions are used  by bond and money market managers and investment bankers who are planning to sell securities in the future, by banks and other intermediaries to lock in the rates they pay on future CDs, and by borrowers who want to fix the future rates on their loan or who want to fix the rate on variable rate loans.  

12.4.1 Long Hedge Example
To illustrate a long hedge position, consider the case of a  money market manager who is expected a cash flow of $9,750,000 in September which he plans to invest in ten 91-day T-bills each with a face value of $1M. Fearing that short-term rates could decrease (causing T-Bill prices to increase), suppose the manager  goes long in ten September T-Bill futures trading at RD = 10% or f0 = $975,000.  Given  equal  spot and expiring  futures prices at expiration, the manager will find that any additional costs of buying T-bills above the $975,000 price on the spot market will be offset by a profit from his futures position; while on the other hand, any benefits from the costs of T-Bill being less the $975,000 price would be negated by losses on the T-Bill futures position. As a result, the manager’s costs of buying T-Bills on the spot and closing his futures position would be $975,000 per bill, which is the initial September  contract price he obtained. 


The money market manager’s long hedge position is shown in Exhibit 12.4‑1. In the exhibit, the third row shows three possible costs of buying 10 T-Bill at the September delivery date of $9,775,000, $9,750,000,  and $9,725,000 given  spot discount yields of 9%, 10, and 11%. The fourth row shows the profits and losses from the long futures position, in which the offset position has a contract price (fT) equal to the spot price (ST). The last row shows the net costs of $9,750,000 resulting from purchasing the T-Bills and closing the futures position. Thus, if the price of T-bills on the spot market is $972,500 at the September delivery date, the manager would pay $9,725,000 for 10 T-Bill  and $25,000 to the clearinghouse to close his futures positions (i.e., the agreement to buy 10 contracts at  $975,000 per contract  and the offsetting agreement to sell at $972,500  means the manager must pay the clearinghouse $25,000 ); if the spot T-Bill price is $977,500, the manager will have to pay  $977,500 per bill, but will be able to  finance part of that expenditure with the $25,000  received from the clearinghouse from closing (i.e., agreement to buy 10 contracts at $975,000 and the offsetting agreement to sell at $977,500, means the clearinghouse will pay the manager $25,000).

12.4.2 Short Hedge Example
To illustrate how a short hedge works, consider the case of a money market manager who in July anticipates needing  cash in September that she plans to obtain by selling 10 T-Bills (each with a face value of $1M) she currently holds.  Suppose at the time of the anticipated September sale, the T-Bill will have a maturity of 91 days and that currently there is a September T-Bill futures  trading at a discount yield of RD = 10% or f0 = $975,000.   If the manager wants to  lock in a September selling price on her T-Bills of $9,750,000 she could go short in 10  September T-Bill futures contracts.  At the September expiration, she would receive $9,750,000 in revenue at the delivery from selling her T-Bills on the spot market and closing the futures contracts by going long in the expiring September contracts trading at the spot price. This can be seen in Exhibit 12.4‑2. In the exhibit, the third row shows three revenue amounts from selling the ten T-Bills at three possible spot discount yields of 9%, 10%, and 11%; the fourth row shows the profits and losses from the futures position, and the last row shows the hedged revenue from aggregating both positions. For example, at RD = 11%, the manager receives only $9,725,000 (ST = $972,500) from selling her bills.  This lower revenue, though, is offset by  $25,000  profit from her futures position (the agreement to sell September 10 T-Bills for $975,000 per bill  is closed with an agreement to buy 10 expiring September T-Bill futures for $972,500 per bill, resulting in a $25,000 receipt from the clearinghouse). On the other hand, if the manager  is able to sell her 10 bills  for $9,775,000 (ST = $977,500, RD = 9%), she also will have to pay the clearinghouse $25,000  to close the futures position. Thus, regardless of the spot price, the manager receives $975,000 per bill.

12.4.3 Hedging Risk
The above examples represent perfect hedging cases in which certain revenues or costs can be locked in at a future date. In practice, perfect hedges are the exception and not the rule. There are three types of hedging risk which preclude one from obtaining a zero risk position: quality risk, timing risk, and quantity risk.


Quality risk exists when the commodity or asset being hedged is not identical to the one underlying the futures contract. The manager in our long hedge example, for instance, may be planning to purchase commercial paper instead of T-bills.  In such  hedging cases, futures contracts written on a different underlying asset are often used to hedge the spot asset. In this case, the manager could use a T-Bill futures to hedge the CP purchase.  Similarly,  a portfolio manager planning to buy corporate bonds in the future might hedge the acquisition by going long in T‑bond futures. This type of hedge is known as a cross hedge. Unlike direct hedges in which the future's underlying assets are the same as the assets being hedged, cross‑hedging cannot eliminate risk, but can minimize it.


Timing risk occurs when the delivery date on the futures contract does not coincide with the date the hedged assets or liabilities need to be purchased or sold. For example, timing risk would exist in our second  hedging example if the manager  needed to sell the  T-Bills on the first of October  instead of at the futures' expiration at the end of the September. If the spot asset  is purchased or sold at a date  that differs from the expiration date on the futures contract, then the price on the futures (ft) and the spot price (St) will not necessarily be equal. The difference between the futures and spot price is called the basis (Bt). The basis tends to narrow as expiration nears, converging to zero at expiration (BT = 0). Prior to expiration, the basis can vary, with greater variability usually observed the longer the time is to expiration. Given this basis risk, the greater the time difference between buying or selling the hedged asset and the futures' expiration date, the less perfect the hedge.


To minimize timing risk or basis risk, hedgers often select futures contracts which mature before the hedged asset is to be bought or sold but as close as possible to that date. For very distant horizon dates, though, hedgers sometimes follow a strategy known as rolling the hedge forward. This hedging strategy involves taking a futures position, then at expiration closing the position and taking a new one.


Finally, because of the standardization of futures contracts, futures hedging also is subject to quantity risk. Quantity risk would have been present in our first hedging example if the manager plan to invest 9,800,000. With the  size on the T-Bill futures contract being $1M,  the manager would not be able to protect $25,000  against price changes.

12.4.4 Hedging Models
The presence of quality, timing, and quantity risk means that pricing  risk cannot be eliminated totally by hedging with futures contracts. As a result, the objective in hedging is to try to minimize risk. Several hedging models try to achieve this objective: price‑sensitivity model, minimum variance model, naive‑hedge model, and utility‑based hedging model. These models have as their common objective the determination of a hedge ratio: the optimal number of futures contracts needed to hedge a position. In Chapters 14, we will define and examine how some of these models can be used to hedge debt positions.

12.5 SPECULATING WITH INTEREST RATE FUTURES
Futures on debt securities can be used to speculate on expected interest rate changes. A long naked or outright futures position is taken when interest rates are expected to fall and a short position is taken when rates are expected to rise. Speculating on interest rate changes by taking outright futures positions represents a leveraged alternative to buying or short selling a bond on the spot market. Because of the risk inherent in outright futures positions, though, many speculators form  spreads instead of taking a naked position.  A futures spread is formed by taking long and short positions on different futures contracts simultaneously.    Two general types of spreads exist: intracommodity and intercommodity.  An intracommodity spread is formed with futures contracts on the same asset but with different expiration dates; an intercommodity spread is formed with two futures contracts with the same expiration but on different assets.

12.5.1 Intracommodity Spread
Intracommodity spreads are often used to reduce the risk associated with a pure outright position. As we will see later in examining futures price  relation,  more distant  futures contracts (T2) are more price-sensitive to changes in the spot price than near-term futures (T1):   
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Thus, a speculator who expected the interest rate on long‑term bonds to decrease in the future could form an intracommodity spread by going long in a nearby T‑bond futures contract and short in a more deferred one. This type of intracommodity spread will be profitable if the expectation of long‑term rates decreasing occurs. That is, the increase in the T-Bond price resulting from a decrease in long-term rates, will cause the price on the longer-term T-bond futures to increase more than the shorter-term one.  As a result, a speculator’s gains from his long position in the longer-term futures will exceed his losses from his short position.   If rates rise, though, losses will occur on the long position; these losses will be offset partially by profits realized from the short position on the longer‑term contract. On the other hand, if a bond speculator believed rates would increase but did not want to assume the risk inherent in an outright short position, he could form a spread with a short position in a longer‑term contract and a long position in the shorter‑term one. Note that in forming a spread, the speculator does not have to keep the ratio of long- to-short positions one-to-one, but instead could use any ratio (2-to-1, 3-to-2, etc.) to give him his desired return-risk combination.

12.5.2 Intercommodity Spread
Intercommodity spreads consist of long and short positions on futures contracts with the same expirations, but with different underlying assets. Recall, in Chapter 8 we defined two active bond strategies: the  rate-anticipation swap and the quality swap.   These swap strategies can be alternatively set up as intercommodity spreads formed with different debt security futures.


Consider the case of a spreader who is forecasting a general decline in interest rates across all maturities (i.e., a downward parallel shift in the yield curve). Since bonds with greater maturities are more price sensitive to interest rate changes than those with shorter maturities, a speculator could set up a rate-anticipation swap by going long in the longer-term bond with the position partially hedged by going short  in the shorter-term one.  Instead of using spot securities, the specualtor alternatively could form an intercommodity spread by going long in a T‑bond contract that is partially hedge by a short position in a T‑note (or T‑bill) contract. On the other hand, if an investor  were  forecasting an increase in rates across all maturities, instead of forming a rate-anticipation swap with spot positions, she could go short in the T‑bond futures contract and long in the T‑note. Forming spreads with T‑Note and T‑Bond futures is one of the more popular intercommodity spread strategies; it is referred to as the NOB strategy (Notes over Bonds).


Another type of intercommodity spreads involves contracts on bonds with different default risk characteristics; it is an alternative to a quality swap. For example, a spread formed with futures contracts on a T‑Bond and a Municipal Bond Index (MBI) or contracts on T‑bills and Eurodollar deposits. Like quality swaps, profits from these spreads are based on the ability to forecast a narrowing or a widening of the spread between the yields on the underlying bonds. For example, in an economic recession the demand for lower default‑risk bonds often increases relative to the demand for higher default‑risk bonds. If this occurs, then the spot yield spread for lower grade bonds over higher grade would tend to widen. A speculator forecasting an economic recession could, in turn, profit from an anticipated widening in the risk premium by forming an intercommodity spread consisting of a long position in a T‑bond futures contract (no default risk) and short position in a MBI contract (some degree of default risk). Similarly, since Eurodollar deposits are not completely riskless, while T‑Bills are, a spreader forecasting riskier times (and the resulting widening of the spread between Eurodollar rates and T‑bill rates) could go long in the T‑Bill contract and short in the Eurodollar contract. A spread with T‑bills and Eurodollars contracts is known as a TED spread.

12.6 OPERATIONS AND FUNCTIONS

OF THE EXCHANGES
Physically, many futures exchanges are made up of several trading rooms, with each room having a number of trading pits (or rings) where exchange members go to trade contracts. While computerized‑trading systems such as globex have the potential to change the way futures are traded, most exchange trading still takes place with brokers going to a pit and using the open outcry method to execute their orders.


Floor brokers carry out most of the trading on the exchanges, buying and selling for their customers. In addition to floor brokers, most futures exchanges also have independents. Some independent members act solely as speculators or arbitrageurs trading on their own accounts. Other independents, though, engage in dual trading in which they trade for both clients and themselves.
  Floor brokers serve the important role of linking futures traders, while independents serve to make the market more efficient. The other important functions of the futures exchanges are standardizing contracts, providing continuous trading, establishing delivery procedures, and setting trading rules.

12.6.1 Standardization
The futures exchanges provide standardization by specifying the grade or type of each assets (eligible T-Bond) and the size of the underlying asset (e.g.,  T‑Bill with face value of $1 million). Exchanges also specify how contract prices are quoted. For example, the contract prices on T‑bill futures, as we noted previously, are quoted in terms of the T‑bill's annualized discount yield or an index equal to one hundred minus the yield, and  a T‑bond is quoted in terms of dollars and 1/32s of a T‑bond with a face value of $100.

12.6.2 Continuous Trading
Most U.S. security exchanges use market‑makers or specialists to ensure a continuous market. On most futures exchanges, continuous trading also is provided, but not with market‑makers or specialists assigned by the exchange to deal in a specific contract. Instead, many futures markets provide continuous trading through independent floor traders who are willing to take temporary positions in one or more futures. These exchange members fall into one of three categories: scalpers, who offer to buy and sell simultaneously, profiting from a bid‑ask spread; day traders, who hold positions for as long as a day; position traders, who hold positions for as long as a week before they close. Collectively, these exchange members make it possible for the futures markets to provide continuous trading.

12.6.3 Delivery Procedures
While 98% of all futures contracts are closed prior to expiration, detailed delivery procedures are nevertheless important since they ensure that the contract prices on futures are determined by the spot price on the underlying asset. The exchanges have various rules and procedures governing the delivery of the contract and delivery dates.


Some futures contracts, such as the T-Bond contract, allow for the delivery of different assets at expiration. On T‑bond futures contracts, the delivered T‑bond can be selected from a number of T‑bonds, each differing in its maturity and/or coupon payments. In cases in which different assets can be delivered, the exchange uses a price adjustment procedure to convert the price of the deliverable asset to the price of the asset defined by the contract. Like index options, some futures have a cash‑settlement delivery procedure. Future contracts on stock indices and Eurodollar time deposits, for example, are settled in cash at delivery. In a cash‑settled futures contract, a settlement price is defined which specifies how the position's closing value will be determined at delivery.


The dates when futures contracts can be delivered also varies. Many contracts call for delivery on or just after the delivery date. However, contracts such as T‑Bond futures can be delivered on any business day of the delivery month. In cases which have an extended delivery period, the exchange defines a delivery notification procedure that must be followed.  Finally, the lengths of futures contracts can vary.

12.6.4 Position Limits and Price Limits
The futures exchanges set position limits on many of their futures contracts. This is done as a safety measure both to ensure sufficient liquidity and to minimize the chances of a trader trying to corner a particular asset. In addition to position limits, the Commodity Futures Trading Commission requires that each exchange impose price limits on the daily changes in contract prices. Thus, the price of a contract must be within its daily price limits, unless the exchange intervenes and changes the limit. When the contract price hits its maximum or minimum limit, it is referred to as being limited up or limited down, respectively.  Price limits are designed to stop destabilizing price trends from occurring. They also make it possible for margin requirements on futures contracts to be set relatively low. Unfortunately, price limits also can cause substantial opportunity losses by locking in a trader's position when the underlying contract's price is moving in his favor.

12.7 MARGINS REQUIREMENTS,

TRANSACTION COSTS, AND TAXES

12.7.1 Margin Requirements
Since a futures contract is an agreement, it has no initial value. Futures traders, however, are required to post some security or good faith money with their brokers.
 Depending on the brokerage firm, the customer's margin requirement can be satisfied either in the form of cash or cash‑equivalents (e.g.,  T‑Bill).


Futures contracts have both initial and maintenance margin requirements. The initial (or performance) margin is the amount of cash or cash equivalents that must be deposited by the investor on the day the futures position is established. The futures trader does this by setting up a commodity account with the broker and depositing the required cash or cash equivalents. The amount of the margin is determined by the margin requirement, defined as a proportion (m) of the contract value (usually 3% to 5%). For example, if the initial margin requirement is 5%, then Speculators A and B in our first example would be required to deposit $48,750 in cash or cash equivalents in their commodity accounts as good faith money on their 90 (IMM) September futures contracts. That is:

 


m[Contract Value] = .05[$975,000] = $48,750.


The maintenance (or variation) margin is the amount of additional cash or cash equivalents that futures traders must deposit to keep the equity in their commodity account equal to a certain percentage (e.g., 80%) of the initial margin value. The equity in an investor's commodity account is equal to the cash or the value of the cash‑equivalents initially deposited plus the sum of the daily changes in the value of the futures position. The changes in the position value of the account are determined each day by the settlement price on new contracts. On futures contracts, the settlement price is the average price of the last several trades of the day; it is determined by the clearinghouse officials. In our example, suppose the day after Speculators A and B established their respective long and short positions, the settlement price on the September T-Bill was 90.5 (ft = 976,250, RD = 9.5). A's and B's equity would therefore be:



A:  Equity = $48,750 + ($976,250 - $975,000) = $50,000.

      

B:  Equity = $48,750 + ($975,000 - $976,500) = $47,500.

If after reaching 90.5, the next day's settlement price was 89.5 (ft = 973,250, RD = 10.5), then the speculators' equity would be:


A:  Equity = $48,750 + ($976,250 - $975,000) + ($973,750 - $975,000)



     = $48,750 + $1250  -  $1250 =   $48,750. 



B:  Equity = $48,750 + ($975,000 - $976,500) + ($975,000 - $973,750)



      = $48,750 - $1250 + $1250 = $48,750.

If the maintenance margin requirements are equal to 90% of the initial margin, then A and B would have to keep the equity values of their accounts equal to $43,875. In the above example, neither speculator would be required to deposit additional cash or cash equivalents. If the equity value of either account falls below $43,875, then additional cash or cash equivalents would need to be deposited. For example, if the third day after A and B established their contracts, the contract price on September T-Bill were 98 (ft = $980,000, RD = 8), A's and B's equity values would be:


A: Equity = $48,750 + ($980,000 - $975,000) = $53,750.

B: Equity = $48,750 + ($975,000 - $980,000) = $43,750.

In this case, B would have an undermargined account and would have to post an additional $5,000 in cash or cash equivalents in his account to make the equity value of the account equal to the initial margin. By depositing the required amount of cash, Speculator B's account would become marked to market. A futures account is marked to market when it meets the maintenance margin requirements. If Speculator B did not deposit the required margin immediately, then he would receive a margin call from the broker instructing him/her to post the required amount of funds. If Speculator B did not comply with the margin call, the broker would close the position. If this occurred and the broker were able to close B's short position with an offsetting long position at 92 (ft = $980,000), then $5000 of B's $48,750 initial deposit would be used to pay the clearinghouse and $43,750 minus commissions cost would be returned to Speculator B.


Several points should be noted in describing margin requirements. First, the low initial margin requirements on futures requirements tend to make futures positions similar to a highly‑leveraged security acquisitions. In fact, there is a ubiquitous argument over whether margin requirements are too low and therefore futures positions too risky. This argument resurfaced after the October 1987 market crash when stock indices dropped dramatically, causing many of the long positions on stock index futures to become undermargined. However, while low margin requirements make futures positions risky, one should keep in mind that one reason behind imposing price limits is to guard against accounts becoming undermargined so fast that traders are unable to close.


Second, it should be noted that the maintenance margin requirements on futures requires constant management of one's account. With daily resettlement, futures traders who are undermargined have to decide each day whether to close their positions and incur losses or post additional collateral; similarly, those who are overmargined must decide each day whether or not they should close. One way for an investor to minimize the management of her futures position is to keep her account overmargined by depositing more cash or cash equivalents than initially required or by investing in one of a number of futures funds. A futures fund pools investors' monies and uses them to set up futures positions. Typically, a large percentage (e.g., 75%) of the fund's money is invested in money market securities. Thus, the funds represent overmargined futures positions.


Finally, one should note that margins are required on all futures contracts, regardless of whether the position is established by a speculator, spreader, or hedger. Since their positions are less risky, hedgers and spreaders do have smaller initial margin requirements than speculators; like speculators, though, their accounts are still marked to market.

12.7.2 Transaction Costs
In addition to margin requirements, transaction costs are also involved in establishing futures positions. Such costs include broker commissions, clearinghouse fees, and the bid‑ask spread. On futures contracts, commission fees usually are charged on a per contract basis and for a round lot (i.e., the fee includes both opening and closing the position), and the fees are negotiable. The clearinghouse fee is relatively small and is collected along with the commission fee by the broker. Finally, the bid‑ask spreads are set by floor traders and represent an indirect costs of trading futures.

12.7.3 Taxes
For tax purposes, futures positions are treated as capital gains and losses. For speculators, a marked‑to‑market rule applies in which the profits on a futures position are taxed in the year the contract is established. That is, at the end of the year, all futures contracts are marked to the market to determine any unrealized gain or loss for tax purposes. For example, suppose in September a futures speculator takes a long position on a March contract at a contract price of $1,000. If the position is still open at the end of the year, the speculator's taxes on the position would be based on the settlement price at year's end. If the contract is marked to market at $1,200 at the end of the year, then a $200 capital gain would need to added to the speculator's net capital gains to determine her tax liability. If the speculator's position is later closed in March of the following year at a contract price of $1,100, then she would realize an actual capital gain of $100. For tax purposes, though, the speculator would report a loss equal to the difference in the settlement price at the end of the year ($1,200) and the position's closing price ($1,100): that is, a $100 loss. Both realized and unrealized capital losses, in turn, are deductibles that are subtracted from the investor's capital gains.


Note, the end‑of‑the‑year marked to market rule on futures applies only to speculative positions and not to hedging positions. Also note when delivery on a futures contract takes place, taxes are applied when the commodity actually is sold.

12.8 FUTURES PRICING

12.8.1 Basis
The underlying asset price on a futures contract primarily depends on the spot price of the underlying asset. The difference between the futures (or forward price) and the spot price is called the basis (Bt):




Basis = Bt = ft ‑ St .

(The basis also can be expressed as St ‑ ft.) For most futures (and forward) contracts, the futures price exceeds the spot price before expiration and approaches the spot price as expiration nears. Thus, the basis usually is positive and decreasing over time, equaling zero at expiration (BT = 0). Futures and spot prices also tend to be highly correlated with each other, increasing and decreasing together; their correlation, though, is not perfect. As a result, the basis tends to be relatively stable along its declining trend, even when futures and spot prices vacillate.


Theoretically, the relationship between the spot price and the futures or forward price can be explained by the carrying‑cost model (or cost of carry model). In this model, arbitrageurs ensure that the equilibrium forward price is equal to the net costs of carrying the underlying asset to expiration. The model is used to explain what determines the equilibrium price on a forward contract. If short‑term interest rates are constant, futures and forward prices will be equal, and thus the carrying-cost model can be extended to price futures contracts as well. (See Appendix B at the end of this chapter for a proof.)
12.8.2 Carrying‑Cost Model
In terms of the carrying‑cost model, the price differences between futures and spot prices can be explained by the costs and benefits of carrying the underlying asset to expiration. For futures on debt securities, the carrying costs include the financing costs of holding the underlying asset to expiration, and the benefits include coupon interest earned from holding the security. For commodities, the carrying costs include not only financing costs but also storage and transportation costs.

12.8.3 Pricing a T-Bill Futures Contract
To illustrate the carrying-cost model consider the pricing of a T-Bill futures.  With no coupon interest, the underlying T-Bill does not generate any benefits during the holding period and the financing costs are the only carrying costs. In terms of the model, the equilibrium relationship between the futures and spot price on the PDB is:
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where:

fo = contract price on a T-Bill futures.

T = time to expiration on the futures contract.

So = current spot price on a T-Bill identical to the T-Bill   underlying the futures (M= 91 and F= $1M) except it has a maturity of 91+T.

R = risk‑free rate or repo rate.

So(1+R)T = financing costs of holding a spot T-Bill.


In pricing futures contracts, the repo rate often is used as the interest rate. Recall, the repo rate is the loan rate on a repurchase agreement: A transaction in which a security holder (or short seller) sells a security with the obligation of repurchasing it at a later date.


If Equation (12.8‑1) does not hold, an arbitrage opportunity occurs. The arbitrage strategy is referred to as a cash‑and‑carry arbitrage and involves taking opposite positions in the spot and futures contracts. For example, suppose in June there is a 161‑day T-Bill  priced at $97.5844 per $100 face value to yield 5.7%,  a September T-Bill futures contract expiring in 70 days, and  a  70-day risk‑free  rate or repo rate of 6.38%.  Using the carrying-cost model, the equilibrium price of the September T-Bill futures contract is fo = 987,487 or $98.74875 per $100 par value:
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If the market price on the T‑Bill futures contract is not equal to 98.74875, then a cash‑and‑carry arbitrage opportunity would exist. For example, if the T‑Bill futures price is at fom = 99, an arbitrageur could earn a riskless profit of $2513 or 0.2513 per $100 face value (99‑98.74875)  at the expiration date by executing the following strategy:

1. Borrow $97.5844 at the repo (or borrowing) rate of 6.38%,

 then buy a 161‑day spot T‑bill for So(161) = 97.5844;

2. take a short position in a T‑bill futures contract expiring in 70 

days at the futures price of fo(70) = 99.

At expiration, the arbitrageur would earn  $.2513 per $100 face value  when he:

1.Sells the T‑bill on the futures contract at 99, and

2. repays the principal and interest on the loan of 

97.5444(1.0638)70/365 = 98.74875:
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In addition to the arbitrage opportunity when  fm = 99, a money market manager currently planning to invest for 70 days in a T-Bill at 6.38%, also could benefit with  a greater return by  buying a 161-day bill and then going short at 99 in the T-Bill futures contract expiring in 70 days.  For example, using the above numbers, if a money market manager were planning to invest 97.5844 for 70 days, she could buy a 161-day bill for that amount and go short in the futures at 99.  Her return would be 7.8%, compared to 6.385 from the 70-dat spot T-Bill:
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Both the arbitrageur and the investment strategies involve taking short positions in the T-Bill futures.  These actions would therefore serve to lower the price on the futures towards 98.74875.


If the market price on the T‑Bill futures contract is below the equilibrium value, then the cash‑and‑carry arbitrage strategy is reversed. In our example, suppose the futures were priced at 98.  In this case, an arbitrageur would go long in the futures, agreeing to buy a 91-day T-bill seventy days later, and would go short in spot T-Bill, borrowing the 161-day bill, selling it for 97.5844, and investing the proceeds at 6.38% for 70 days.  Seventy days later (expiration), the arbitrageur would buy a 91-day T-Bill on the futures for 98 (fm0), use the bill to close his short position, and collect 98.74875 (f*0) from his investment, realizing a cash flow of $7487 or $.7487 per $100 par.
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In addition to this cash-and carry arbitrage, if the futures price is below 98, a money manager currently holding 161‑day T‑Bills also  could obtain an arbitrage  by selling the bills for 97.5844 and  investing the proceeds at 6.38% for 70 days, then going long in the T‑bill futures contract expiring in 70 days. Seventy days later, the manager would receive 98.74875 from the investment and would pay 98 on the futures to reacquire the bills for a cash flow of .74875 per $100 par.
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12.8.4 Other Equilibrium Conditions

Implied by the Carrying‑Costs Model
For T‑Bill futures, the equilibrium condition defined by the carrying‑cost model in Equation (12.8‑1) can be redefined in terms of the following equivalent conditions: (1) the rate on a spot T‑Bill (or actual repo rate) is equal to the rate on a synthetic T‑Bill (or implied repo rate); (2)  the rate implied on the futures contract is equal to the implied forward rate.

Equivalent Spot and Synthetic T‑Bill Rates
As illustrated in the above example, a money market manager planning to invest funds in a T‑Bill for a given short‑term horizon period either can invest in the spot T‑Bill or construct a synthetic T‑Bill by purchasing a longer‑term T‑Bill, then locking‑in its selling price by going short in a T‑Bill futures contract. In the preceding example, the manager either could buy a 70‑day spot T‑bill yielding a 6.38% rate of return and trading at So = 98.821,





So = 100/(1.0638)70/365 = 98.821 ,

or could create a long position in a synthetic 70‑day T‑Bill by buying the 161‑day T‑Bill trading 

at So = 97.5844, then locking in the selling price by going short in the T‑Bill futures contract expiring in 70 days. If the futures price in the market exceeds the equilibrium value as determined by the carrying‑cost model (fom > fo*), then the rate of return on the synthetic T‑Bill (YTMsyn) will exceed the YTM on the spot; the manager should choose the synthetic T‑Bill. As we saw, at a futures price of  99, the manager earned a rate of return of 7.8% on the synthetic, compared to only 6.38% from the spot.. On the other hand, if the futures price is less than its equilibrium value (fom < fo*), then the YTMsyn will be less than the YTM on the spot; in this case, the manager should purchase the spot T‑Bill.


Note that in an efficient market, money managers will drive the futures price to its equilibrium value as determined by the carrying-cost model. When this condition is realized, the YTMsyn will be equal to the YTM on the spot and the money manager would be indifferent to either investment. In our example, this occurs when the market price on the futures contract is equal to the equilibrium value of 98.74875. At that price the YTMsyn is equal to 6.38%.
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Thus, if the carrying‑cost model holds, the YTM earned from investing in a spot T‑Bill and the YTM from investing in a synthetic will be equal.

Implied and Actual Repo Rates
The rate earned from the synthetic T‑Bill commonly is referred to as the implied repo rate. Formally, the implied repo rate is defined as the rate in which the arbitrage profit from implementing the cash and carry arbitrage strategy is zero. That is:
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The actual repo rate is the one we use in solving for the equilibrium futures price in the carrying‑cost model; in our example, this was the rate on the 70‑day T‑bill (6.38%). Thus, the equilibrium condition that the synthetic and spot T‑bill be equal can be stated equivalently as an equality between the actual and the implied repo rates.

Implied Forward and Futures Rates
The other condition implied by  the carrying‑cost equilibrium condition is the equality between the rate implied by the futures contract and  the implied forward rate, defined in Chapter 5:
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where:



F = face value on the spot T‑bill.




T+91 = maturity of the spot T-Bill




RI  =  implied forward rate.
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The right‑hand side of Equation (12.8‑3) is the implied forward rate. This rate is determined by the current spot prices on T‑Blls maturing at T and at T + 91. In our illustrative example, the implied forward rate is 5.18%:


The left‑hand side of Equation (12.8‑3) is the YTM implied on the futures contract. If an investor purchases a 91‑day T‑bill on the futures contract at the equilibrium price, then the implied futures rate will be equal to the implied forward rate. In terms of our example, if fo = 98.74875, then the implied futures rate will be 5.18%. That is:

[image: image15.wmf]Arbitrage

profit

f

S

R

f

S

R

R

f

S

f

T

f

T

T

=

-

+

=

-

+

-

=

L

N

M

O

Q

P

-

0

0

0

0

0

0

1

1

0

1

12

8

2

1

(

)

(

)

(

.

)

.

/


Recall from Chapter 5, the implied forward rate (RI) is the interest rate attained at a future date that is implied by current rates.  This rate can be attained by a locking‑in strategy consisting of a short position in a shorter‑term bond and a long position in a longer‑term one. For borrowing, the implied forward borrowing rate is attained by going short in the shorter‑term bond and long in a longer‑term one. In terms of our example, the implied forward rate on a 91‑day T‑Bill investment to be made 70 days from the present, RI(91,70), is obtained by:

1. Selling short the 70‑day T‑bill at 98.821 (or equivalently borrowing 98.821 at  6.38%),

2. buying So(T)/So(T+91) = So(70)/So(161) = 98.821/97.5844 = 1.01267 issues of the 161‑day T‑bill,

3. paying 100 at the end of 70 days to cover the short position on the maturing bond (or the loan), and

4. collecting 1.01267(100) at the end of 161 days from the long position.

This locking‑in strategy would earn an investor a return of $101.267, 91 days after the investor expends $100 to cover the short sale; thus, the implied forward rate on a 91‑day investment made 70 days from the present is 1.267%, or annualized, 5.18%:
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If the futures price does not equal its equilibrium value, then the implied forward rate will not be equal to the implied futures rate, and an arbitrage opportunity will exist from the cash‑and‑carry arbitrage strategy.


In summary, we have three equivalent equilibrium conditions governing futures prices on T‑bill contracts: (1) the futures price is equal to the costs of carrying the underlying spot security; (2) the YTM on the spot is equal to the YTM on the synthetic security (or implied repo rate is equal to the actual repo rate); (3) the implied rate of return on the futures contract is equal to the implied forward rate.

12.8.5 Pricing T‑Bond Futures
The pricing of a T‑Bond futures contract is somewhat more complex than the pricing of T‑Bill or Eurodollar futures because of their delivery procedures. Like T‑Bill futures, the price on a T‑Bond futures contract depends on the spot price on the underlying T‑Bond (So) and the risk‑free or repo rate. Given that a number of T‑Bonds can be delivered on the contract, the spot price to use in the carrying‑cost model is the one for the cheapest bond to deliver. The price of this bond also must include any accrued interest (Acc Into). The futures price, in turn, is equal to the futures price on the contract times the conversion factor on the cheapest bond to deliver (CF) plus any accrued interest on that bond at the delivery date. Thus, the carrying‑costs model for T‑bond futures is:
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Like all T‑Bill futures, cash‑and‑carry arbitrage opportunities will exist if condition does not hold.
12.8.6 Normal and Inverted Markets
For many assets the costs of carrying the asset for a period of time exceeds the benefits. As a result, the futures price on such assets exceeds the spot price prior to expiration and the basis (ft‑St) on such assets is positive. By definition, a market in which the futures  price exceeds the spot price is referred to as a contango or normal market. In contrast, if the futures  price is less then the spot price (a negative basis), the costs of carrying the asset is said to have a convenience yield in which the benefits from holding the asset exceed the costs. A market in which the basis is negative is referred to as backwardation or an inverted market. For futures on debt securities, an inverted market could occur if large coupon payments are to be paid during the period.

12.8.7 Price Relationship Between Futures

Contracts With Different Expirations
The same arbitrage arguments governing the futures and spot price relation also can be extended to establish the equilibrium relationship between futures  prices with different expirations. Specifically, given a distant futures contract expiring in T2 and a nearby contract on the same asset expiring in T1, the equilibrium relationship between the futures prices on the two contracts 

(fT2 and fT1) is:
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where:

RT1 = risk‑free rate or repo rate at time T1. The rate can be locked in with a future contract.

Acc IntT2 = value of accrued interest at time T2 incurred from holding the bond for the period from T1 to T2.

If the market price of the forward contract with T2 expiration (FmT2) exceeded the equilibrium price, an arbitrageur could profit by forming an intracommodity spread by:

(1) Taking a long position in the T1 futures contract,

(2) taking a short position in the T2 futures contract, and

(3) entering a futures contract to borrow at time T1, fT1 dollars at rate RT1 for the period from T1 to T2.

At T1 expiration, the arbitrageur would:

(1) borrow FT1 dollars at a rate of RT1 on the futures contract;

(2) buy the bond on the T1 forward contract for fT1.

At the T2 expiration, the arbitrageur would:

(1) Sell the asset on the T2 futures contract for FT2,

(2) receive the interest of Acc IntT2 that have accrued during the T2‑T1 period,

(3) repay the loan of fT1(1+RT1)T2‑T1.

The arbitrageur's actions would result in a riskless return of fM ‑ [fT1(1+RT1)T2‑T1 ‑ Acc IntT2 .  Thus, if the futures prices on June and September T‑bonds and the futures rate on a September T‑bill are such that the price of the September T‑bond contract exceeds the equilibrium value as determined by Equation (12.8‑5), then an arbitrage opportunity would exist by going long in the September T‑bond contract and short in the June contract and locking in the borrowing rate by a by going short in T‑bill futures contracts. This arbitrage strategy involves an intracommodity spread (June and September T‑Bonds) and an intercommodity spread if T‑Bill futures are used to lock in the borrowing rates RT1. The combination of two positions on T‑Bond futures with different expirations and one position in a T‑Bill futures contract is referred to as a turtle strategy. Moreover, such strategies serve to ensure that   the equilibrium condition (12.8‑5) is satisfied.
12.9 CONCLUSION
In this chapter we've provided an overview of futures contracts with the emphasis on debt security contracts. Given this background,  we now turn our focus on another derivative security --  debt options. 

EXHIBIT 12.1‑1

FUTURES EXCHANGES
	Exchanges
	
	Founded
	
	
	Types of Contracts:

  P = Physical

  I = Index

  R = Interest Rate

 FC = Currency

	United States
	
	
	
	
	

	Chicago Board of Trade (CBT)

Chicago Mercantile Exchange (CME)

Coffee, Sugar, and Coca Exchange (NY)

Commodity Exchange (COMEX) (NY)

Kansas City Board of Exchange (KCBT)

Mid‑American Commodity Exchange

  (Chicago)

Minneapolis Grain Exchange

New York Cotton Exchange

Citrus Associates of the NY Cotton

  Exchange

Petroleum Associates of the NY Cotton

  Exchange

New York Futures Exchange (NYFE)

New York Mercantile Exchange

Chicago Rice and Cotton Exchange
	
	1848

1919

1882

1933

1856

1880

1881

1870

1966

1971

1979

1872

1976
	
	
	P, I, R

P, I, R, FC

P, I

P

P, I

P, R, FC

P

P, I, FC

P

P

I

P

P

	Foreign Futures Markets
	
	
	
	
	

	International Futures Exchange (INTEX)

  (Bermuda)

London International Financial Futures

  Exchange (LIFFE)

Tokyo Financial Futures Exchange

Singapore International Monetary

  Exchange (SIMEX)

Hong Kong Futures Exchange

New Zealand Futures Exchange

Sydney Futures Exchange

Toronto Futures Exchange
	
	1984

1982

1985

1984

1977

1985

1960

1984
	
	
	P, I

I, R, FC

I, R, FC

I, R, FC

P, I

P, I, R, FC

P, I, R, FC

I, R, FC



Sources: WSJ, Various Exchanges' Annual Reports.

EXHIBIT 12.2‑1

SELECT INTEREST RATE 

FUTURES CONTRACTS
	Contract
	Exchange
	Delivery Months
	Contract Size

	T‑Bonds

T‑Notes

(6.5‑10 yr)

Municipal

Bond Index

T‑Bills

(91‑days)

Certificates

of Deposit

(91‑days)

Eurodollar

Time Deposits

(90‑days)

T‑Bills

(91‑days)

T‑Bonds

Eurodollar

(linked to IMM)


	CBOT

CBOT

CBOT

IMM

IMM

IMM

MCE

LIFFE

SIME
	Mar/June/Sept/Dec

Mar/June/Sept/Dec

Mar/June/Sept/Dec

Mar/June/Sept/Dec

Mar/June/Sept/Dec

Mar/June/Sept/Dec

Current Spot Month

Mar/June/Sept/Dec

Mar/June/Sept/Dec

Mar/June/Sept/Dec
	$100,000,

8% coupon

$100,000,

8% coupon

$1,000 times

Bond Index

$1,000,000

$1,000,000

$1,000,000

$500,000

$100,000

$1,000,000

	
	CBOT
= Chicago Board of Trade

IMM
= International Monetary Market

MCE
= Mid-American Commodity Exchange

LIFFE = London International Financial Futures Exchange

SIME
= Singapore International Monetary Exchange
	


EXHIBIT 12.4‑1

LONG HEDGE EXAMPLE
	
	Initial Position:  Long in 10 September T-Bill futures contracts at RD = 10 (IMM = 90, f0 = $975,000)  to hedge  $9,750,000 investment in T-Bill purchases in September.

At Delivery: Close T-Bill futures contract at

fT = ST and purchase 10 T-Bills on the spot market at ST.
	

	Positions
	
	T-Bill Costs 

	
	June Spot RD
June T-Bill Spot Price

Cost of 10 T-Bills

- Profit on Futures  
     Net Costs
	
	11%

$972,500

$9,725,000

($25,000)
$9,750,000
	
	10%

$975,000

$9,750,000

0.00
$9,750,000
	
	9%

$977,500

$9,775,000

$25,000
$9,750,000




Profit on Futures = 10 (Spot Price ‑ $975,000)

EXHIBIT 12.4‑2

SHORT HEDGE EXAMPLE
	
	Initial Position:  Short in 10 September T-Bill futures contracts at RD = 10 (IMM = 90, f0 = $975,000)  to hedge  September sale of 10 T-Bills.

At Delivery: Close T-Bill futures contract at

fT = ST and sell 10 T-Bills on the spot market at ST.
	

	Positions
	
	T-Bill Revenue

	
	June Spot RD
June T-Bill Spot Price

Revenue from 10 T-Bills

+ Profit on Futures  
     Net Costs
	
	11%

$972,500

$9,725,000

$25,000
$9,750,000
	
	10%

$975,000

$9,750,000

0.00
$9,750,000
	
	9%

$977,500

$9,775,000

($25,000)
$9,750,000




Profit on Futures = 10 ($975,000  -  Spot Price )

APPENDIX A

T‑BOND DELIVERY PROCEDURES

Under the CBT's procedures, a T‑Bond futures trader with a short position who wants to deliver on the contract has the right to determine during the expiration month the day of the delivery and the eligible bond to deliver. The delivery process encompasses the following three business days:

Business Day 1, position day: The short position holder notifies the clearinghouse that he/she will deliver.

Business Day 2, notice of intention day: The clearinghouse assigns a long position holder the contract (typically the holder with the longest outstanding contract).

Business Day 3, delivery day: The short holder delivers an eligible T‑bond to the assigned long position holder who pays the short holder an invoice price determined by the futures price and a conversion factor.


The invoice price on the deliverable bond is found first by determining the correct conversion factor (CF). Since the futures' price is based on a 15 year, 8% coupon bond, the CBT uses a conversion factor based on discounting the deliverable bond by an 8% YTM. Specifically, the CF is based on the price of a bond with a face value of $1, a coupon rate and maturity of the deliverable bond, and a discount rate of 8%. If the number of semi‑annual periods making up on the deliverable bond's maturity or first call date is even, the following conversion factor (CFe) is used:
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where:





Ct = semi‑annual payment coupon on T‑bond with





        F = $1.





M = number of semi-annual periods to maturity or





        first call.

If the number of periods to maturity or first call is an odd number, the conversion factor (CFod) is:
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To illustrate, suppose one of the eligible bonds that can be delivered on a March 1993 T‑bond futures contract is a T‑bond with a 10% coupon and a maturity of May, 2010. (The maturity of the deliverable bond is based on the first day of the delivery month.) The deliverable bond would have 34 semi‑annual periods to maturity, thus its conversion factor would be:
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Given the CF, the invoice price the assigned long holder would pay the short holder on the delivery day is found by multiplying the CF by the futures settlement price (ST) on the position day and adding any accrued interest (Acc Int) on the deliverable bond. That is:

(12.A‑3)


Invoice Price = (CF)(ST) + (Acc Int) .

Trading Implications of the

T‑Bond Delivery Process
Two trading implications resulting from the T‑Bond delivery procedure should be noted. First, given the number of eligible bonds, a short holder should select the T‑bond for delivery that is the least expensive to purchase. This bond is referred to as the cheapest‑to‑deliver bond. Since the short holder has the right to select this bond from an eligible bond list, he/she is said to have a delivery or quality option.


Second,  since a short holder can notify the clearinghouse of his/her intention to deliver a bond at the end of the position day (not necessarily at the end of the futures' trading day), an arbitrage opportunity has arisen because of the futures exchange's closing time being 3:00 and the closing time on spot T‑bond trading being 5:00. Thus, a short holder knowing the settlement price at 3:00, could find the price of an eligible T‑bond decreasing in the next two hours on the spot market. If this occurred, she could buy the bond at the end of the day at the lower price, then notify the clearinghouse of her intention to deliver that bond on the futures contract. This feature of the T‑bond futures contract is known as the wild-card option.


It should be noted that while the T‑bond delivery procedure is complex, the procedure is necessary to ensure that a sufficient number of T‑bonds are available.

APPENDIX B

RELATION BETWEEN FUTURES AND FORWARD PRICES
The price relationships described in Section 12.8  hold only for forward contracts which have no initial or maintenance margin requirements. Under the assumption that short‑term interest rates are constant over time, though, it can be shown that the prices of futures and forward contracts on the same underlying asset are the same. Accordingly, if this assumption is reasonable, the above pricing relationships that we've specified can be used to price futures contracts; if the assumption is not reasonable, then the above pricing models hold for forward contracts and can be used only to approximate the price of a futures contract.


To see the relationship between futures and forward prices, assume that both futures and forward contracts exist on the same asset and that each contract has two days to expiration. If the price on the futures contract with two days to expiration (f2) exceeds the price on the forward contract (Fo), an arbitrageur could profit by taking a long position in the forward contract and a short position in (1+R)‑(1/365) futures contracts. At  the end of the day, the futures contract would be marked to market, and the arbitrageur could: (1) close the (1+R)‑(1/365) futures position at the end‑of‑the‑day settlement price of f1, and (2) take a new short position in a futures contract with only one day to expiration, and with a contract price of f1. If there is a profit () from closing the first position ( = (f2‑f1)(1+R)-(1/365) > 0), the arbitrageur would invest the excess to expiration (one day) and if there is a loss, he/she would borrow funds to finance the shortfall. If the funds are invested (borrowed) at the same rate as the previous day's rate, then at expiration (one day later), the arbitrageur's profit (loss) would be:





( = (f2 ‑ f1)(1+R)-(1/365)(1+R)(1/365)




( = (f2 ‑ f1) .

At expiration (the next day) the arbitrageur would purchase the underlying asset on the forward contract at Fo, then sell the asset on the futures contract at f1, for a profit or loss equal to f1‑Fo. The arbitrageur's total profit ((T) at expiration would therefore be:





(T = (f2 ‑ f1) + (f1 ‑ Fo)





(T = (f2 ‑ Fo) .


Thus, if interest rates are constant over time (both days), then the above strategy would yield the arbitrageur a riskless cash flow of f2‑Fo. In theory, arbitrageurs would exploit this opportunity by going short in the futures contract and long in the forward contract, readjusting each day when the futures contract is marked to market, until the arbitrage profit is zero. Arbitrageurs would do this until ft = Fo. Hence, if short‑term interest rates are constant over time, in equilibrium futures and forward prices will be equal.  (The reader is encouraged to investigate the opposite arbitrage strategy in which f2 < Fo.)
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�      Stock index futures are sometimes referred to as `Pin�Stripe Pork Bellies.' 





� 91�day T�bills are acceptable at delivery, while 90�and 92�day T�bills can be delivered with their prices adjusted.


�      Cross�hedging can occur when an entire group of assets or liabilities are hedged by one type of futures contract; this is referred to as macro�hedging. Micro�hedging, on the other hand, occurs when each individual asset or liability is hedged separately.


�  As a matter of security law, dual traders are not allowed to trade on their own accounts when they are about to trade for their clients. With advance knowledge of a client's position, a dual trader could profit by taking a favorable position before executing the clients order. This type of price manipulation is known as front running.


�  Technically, since the clearinghouse guarantees the futures contract, margins are required by the members of the clearinghouse; the clearinghouse members then require margins to be maintained by the brokerage firm on their client.


�    The marked�to�market tax rule was established in 1981. One of the reasons for the law was to stop the activities of future spreaders who would take long and short positions in similar futures contracts, then for tax purposes at the end of the year would close the position, thus showing a loss.
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