CHAPTER 13

OPTIONS ON DEBT SECURITIES: 

CONCEPTS AND FUNDAMENTAL STRATEGIES

The option market in the United States, like the futures market, can be traced back to the 1840s when options on corn meal, flour, and other agriculture commodities were traded in New York. These option contracts gave the holders the right, but not the obligation, to purchase or to sell a commodity at a specific price on or possibly before a specified date.  Like forward contracts, options made it possible for farmers or agriculture dealers to lock in future prices.  In contrast to commodity futures trading, though, the early market for commodity option trading was relatively thin.  The market did grow marginally when options on stocks began trading on the over‑the‑counter (OTC) market in the early 1900s.  This market began when a group of investment firms formed the Put and Call Brokers and Dealers Association.  Through this association, an investor who wanted to buy an option could do so through a member of the association who either would find a seller through other members or would sell (write) the option himself.


The OTC option market was functional, but suffered because it failed to provide an adequate secondary market.  In 1973, the Chicago Board of Trade formed the Chicago Board Option Exchange (CBOE).  The CBOE was the first organized option exchange for the trading of options.  Just as the CBT had served to increase the popularity of futures, the CBOE helped to increase the trading of options by making the contracts more marketable.  From 1973 to the early 1990s, option contracts traded on the CBOE grew from just over one million to approximately 127 million.


Since the  creation of the CBOE, organized stock exchanges [such as the New York Stock Exchange (NYSE), the American Stock Exchange (AMEX), the Philadelphia Stock Exchange (PHLX), and the Pacific Stock Exchange (PSE)], most of the organized futures exchanges, and many security exchanges outside the U.S. have began offering markets for the trading of options.  As the number of exchanges offering options has increased, so has the number of securities and instruments with options written on them.  Today, option contracts exist not only on stock but also on foreign currencies, security indices, and of particular interest here, debt securities; there also is a market for options on futures contracts.

In this chapter we continue our discussion of derivative debt securities by examining  option contracts on debt securities. We begin by defining common option terms, discussing the fundamental  option strategies, and identifying some of the important factors which determine the price of an option.    This chapter will provide a foundation for the more detailed analysis of hedging strategies which will be examined in the next chapter. 

13.1 OPTION TERMINOLOGY

By definition, an option is a security which gives the holder the right to buy or sell a particular asset at a specified price on, or possibly before, a specific date.  A call option would be created, for example, if on February 1, Ms. B paid $1,000 to Mr. A for a contract that gives Ms. B the right to buy `ABC Properties' from Mr. A for $20,000 on or before July 1.  Similarly, a put option also would be created if Mr. A sold Ms. B a contract for the right to sell `ABC Properties' to Mr. A at a specific price on or before a certain date.


Depending on the parties and types of assets involved, options can take on many different forms.  Certain features, however, are common to all options.  First, with every option contract exists a right, but not the obligation, to either buy or sell.  Specifically, by definition a Call is the right to buy a specific asset or security, whereas a put is the right to sell.  Every option contract has a buyer who is referred to as the option holder (who has a long position in the option).  The holder buys the right to exercise or evoke the terms of the option claim.  Every option also has a seller, often referred to as the option writer (or a short position), who is responsible for fulfilling the obligations of the option if the holder exercises.  For every option there is an option price, exercise price, and exercise date. The price paid by the buyer to the writer when an option is created is referred to as the option premium (call premium and put premium).  The exercise price or strike price is the price specified in the option contract at which the asset or security can be purchased (call) or sold (put).  Finally, the exercise date is the last day the holder can exercise.  Associated with the exercise date are the definitions of European and American options.  A European option is one which can be exercised only on the exercise date, while an American option can be exercised at any time on or before the exercise date.  Thus, from our previous example, Mr. A is the writer, Ms. B is the holder, $1,000 is the option premium, $20,000 is the exercise or strike price, and July 1 is the exercise date.

13.2 DEBT OPTIONS
A debt option gives the holder the right to buy  or sell  a debt security at a specific price on or before a specific date. Like debt futures, the most popular debt options are T‑bills options (offered by the AMEX), options on Eurodollar deposits (Chicago Mercantile Exchange), Treasury‑note options (AMEX), and options on Treasury‑bonds (CBOE).  In addition to Treasury options, options on other fixed‑income securities also are available through dealers on the OTC market. These so‑called dealer options often are written to meet specific hedging needs of institutional investors.

13.2.1 Options on T‑Bills

The AMEX's T‑Bill option gives the holder the right to buy (call) or sell (put) a T‑Bill with a face value (F) of $1 million and maturity of 91 days at a given exercise price. Like T-Bill futures, the exercise price on the T‑Bill option is specified either in terms of an index price (INo) or annual discount yield (RD), where the index is equal to 100 minus the quoted discount yield. Given the quoted index or discount yield, the actual exercise price on the 91‑day T‑Bill can be found using the same following formula used to determine T-Bill futures prices:
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Thus, a T‑Bill call option expiring in June with an exercise price of 94 (IN0) gives the holder the right to buy a 91‑day, $1 million T‑Bill at an exercise price of X = $985,000. That is:
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It should be noted that like  T-Bill futures, the exercise price is based on a 90‑day maturity and on a 360 day year. If the 91‑day T‑Bill is purchased on the call option, its implied rate or yield to maturity (YTM) needs to be computed using the 365‑day calendar year and the actual maturity of 91 days. The implied YTM on the T‑Bill purchased on the June 94 T‑Bill call option, in turn, would be 6.24958%:
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The premiums on T‑Bill options are quoted in terms of annualized basis points (PT). The actual option price is found using the following formula:
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Thus, the actual price of the June 94 T‑bill call quoted at 1 point is $2,500:
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13.2.2 T‑Bond Options
An option on a T‑Bond  gives the holder the right to buy or sell a specified T‑Bond at a given price. Several features of T‑Bond options make them different than T‑Bill options.


First, the T‑Bond option contract requires the purchase (call) or sale (put) of a specific T‑Bond. For example, a June T‑Bond call option might give its holder the right to buy either a T‑Bond maturing in year 2016 and paying a 6% coupon with a face value of $100,000 or one maturing in 2015, paying 6 1/2% coupon interest, with a face value of $100,000. Because the option contract specifies a particular underlying bond, the maturity of the bond, as well as its value, will be changing during the option's expiration period. For example, a one‑year call option on a 15‑year bond, if held to expiration, would be a call option to buy a 14‑year bond. Note, that a T‑Bill option contract, in contrast, calls for the delivery of a T‑Bill meeting the specified criteria (principal = $1 million, maturity = 91 days). With this clause, a T‑Bill option is referred to as a fixed deliverable bond, and unlike specific‑security T‑Bond options, T‑Bill options can have expiration dates which exceed the T‑Bill's maturity.


A second differentiating feature of T‑Bond options is that the underlying bond can pay coupon interest during the option period. As a result, if a T‑Bond option holder exercises on a non‑coupon paying date, the accrued interest (Acc Int) on the underlying bond must be accounted for. For T‑bond options, this is done by including the accrued interest as part of the exercise price.  The exercise price on a T‑bond option is quoted as an index (INo) equal to a proportion of a bond with a face value of $100 (e.g., 90). If the underlying bond has a face value of $100,000, then the exercise price would be:
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Finally, the prices of T‑Bonds and T‑Bond options are quoted in terms of points (PT) and 32nds of a point. Thus, the price of the June 90 T‑bond call option quoted at 1 5/32 is $1,156.25. That is:

 


Co = (PT/100)F




Co = (1.15623/100)($100,000)




Co = $1156.25 .

13.3 FUNDAMENTAL OPTION STRATEGIES
Many types of option strategies with esoteric names such as straddles, strips, spreads, combinations, and so forth, exist.  All these strategies can be understood easily once one grasps the features of six fundamental option strategies: call and put purchases, call and put writes, and call and put writes in which the seller covers his/her position.  The features of these strategies can be seen by examining the relationship between the price of the underlying security and the possible profits or losses that would result if the option either is exercised or expires worthless.

13.3.1 Call Purchase
To see the major characteristics of a call purchase, suppose an investor buys a call option on a 6%, T-Bond with face value of $100,000,  maturity at the option’s expiration of 15 year with no accrued interest at that date (coupon date) and currently selling at par. Suppose the  T-Bond’s exercise price (X) is $100,000 (or IN0 = 100) and the investor buy the options  at  a call premium (C) $1,000 (or PT =  1 ).  If the bond price  reaches $105,000 at expiration, the holder would  realize a profit of $4,000 by exercising the call  to acquire the bond for  $100,000, then selling the bond in the market for $105,000: a $5000 capital gain minus the $1000 premium.  If the holder exercises at expiration when the bond  is trading at $101,000, she will break even: the $1,000 premium will be offset exactly by the $1,000 gain realized by acquiring the bond from the option at $100,000 and selling in the market at $101,000.  Finally, if the price of the bond is at $100,000 (X) or below, the holder will not find it profitable to exercise, and as a result, she will let the option expire, realizing a loss equal to the call premium of $1,000.  Thus, the maximum loss from the call purchase is $1,000.


The investor's possible profit/loss and bond price combinations can be seen graphically in Figure 13.3‑1 and the accompanying table.   In the graph, the profits/losses are shown on the vertical axis and the market prices of the T-Bond (at the expiration, signified as T: ST) are shown along the horizontal axis.  This graph is known as a profit graph.  The line from the coordinate ($100,000, -$1,000) to the ($105,000, $4,000) coordinate and beyond shows all the profit and losses per call associated with each bond price.   The horizontal segment shows a loss of $1,000, equal to the premium paid when the option was purchased.  Finally, the horizontal intercept shows the break‑even price at $101,000.  The break‑even price can be found algebraically by solving for the bond price at the exercise date (ST) in which the profit (() from the position is zero.  The profit from the call purchase position is:






( = (ST ‑ X) ‑ Co,

where Co is the initial (t = 0) cost of the call.  Setting ( equal to zero and solving for ST yields the break‑even price of  ST*: 
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The profit graph in Figure 13.3‑1 highlights two important features of call purchases.  First, the  position provides an investor with unlimited profit potential; second, losses are limited to an amount equal to the call premium.  These two features help explain why some speculators prefer buying a call rather than the underlying security itself. 

13.3.2 Naked Call Write
The second fundamental strategy involves the sale of a call in which the seller does not own the underlying security.  Such a position is known as a naked call write.  To see the characteristics of this position, again assume the exercise price on the T-Bond call  is $100,000 and the call premium is $1,000..  The profits or losses associated with each bond price from selling the call are depicted in Figure 13.3‑2 and the accompanying table.  As shown, when the price of the bond is at $105,000 at expiration, the seller suffers a $4,000 loss  when  the holder exercises the right to buy the bond from the writer at $100,000.  Since the writer does not own the bond, he would have to buy it in the market at its market price of $105,000, then turn it over to the holder at $100,000.  Thus, the call writer would realize a $5,000 capital loss, minus the $1,000 premium received for selling the call, for a net loss of $4,000.  When the T-Bond  is at $101,000, the writer will realize a $1,000 loss if the holder exercises.  This loss will offset the $1,000 premium received.  Thus, the break‑even price for the writer is $101,000, the same as the holder's.  This price also can be found algebraically by solving for the spot  price  ST* in which the profit from the naked call write position is zero.  That is:
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Finally, at a bond price of $100,000 or less the holder will not exercise, and the writer will profit by the amount of the premium, $1,000.


As  highlighted in the graph, the payoffs to a call write are just the opposite of the call purchase; that is: gains/losses for the buyer of a call are exactly equal to the losses/gains of the seller.  Thus, in contrast to the call purchase, the naked call write position provides the investor with only a limited profit opportunity equal to the value of the premium, with unlimited loss possibilities.  While this limited profit and unlimited loss feature of a naked call write may seem unattractive, the motivation for an investor to write a call is the cash or credit received and the expectation that the option will not be exercised.  Like futures contracts, though, there are margin requirements on an option write position in which the writer is required to deposit cash or risk-free securities to secure the position.

13.3.3 Covered Call Write

One of the most popular option strategies is to write a call on a security already owned.  This strategy is known as a covered call write.  For example, an investor who owned a 6% T-Bond  currently worth $100,000 and with maturity equal to 15 years at the above option’s expiration and who did not expect its price to appreciate in the near future (i.e., long-term rates to decrease),  might sell the  call on the T-Bond.   As shown in Figure 13.3‑3 and the accompanying  table, if the T-Bond  is $100,000  or more at expiration, the covered call writer loses the bond  when the holder exercises, leaving the writer with a profit of only $1,000.  The benefit of the covered call write occurs when the bond price declines.  For example, if bond declined to $95,000, then the writer would suffer an actual (if the bond is sold) or paper loss of $5,000.  The $1,000 premium received from selling the call, though, would reduce this loss to just $4,000. Similarly, if the bond is at $99,000, a $1,000 loss will be offset by the $1,000 premium received from the call sale.  As we will discuss  in Section 13.8.2, the covered call write position is used as hedging position in which a security holder wants to offset any future decreases in the price of the security with the premium from selling a call option on the security.

13.3.4 Put Purchase
Since a put gives the holder the right to sell the underlying security, profit is realized when the security’s price declines.  With a decline, the put holder can buy the security at a low price in the  market, then sell it at the higher exercise price on the contract.  To see the features related to the put purchase position, assume the exercise price on a put option on the 6% T-Bond is again $100,000 and the put premium (P) is $1,000.  If the T-Bond  is trading at $95,000 at expiration, the put holder could purchase a 15-year, 6% T-Bond at $95,000, then use the put contract to sell the bond at the exercise price of $100,000.  Thus, as shown by the profit graph in Figure 13.3‑4 and its accompanying table, at $95,000 the put holder would realize a $4,000 profit (the $5,000 gain from buying the bond and exercising minus the $1,000 premium).  The break‑even price in this case  would be $99,999:
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Finally, if the T-Bond is trading at  $100,000 or higher at expiration, it will not be rational for the put holder to exercise.  As a result, a maximum loss equal to the $1,000 premium will occur when the stock is trading at $100,000 or more (again assuming no accrued interest at expiration).


Thus, similar to a call purchase, a long put position provides the buyer with potentially large profit opportunities (not unlimited since the price of the security cannot be less than zero), while limiting the losses to the amount of the premium.  Unlike the call purchase strategy, the put purchase position requires the security price to decline before profit is realized.

13.3.5 Naked Put Write
The exact opposite position to a put purchase (in terms of profit/loss and stock price relations) is the sale of a put, defined as the naked put write.  This position's profit and value graphs are shown in Figure 13.3‑5.  Here, if the T-Bond price is at $100,000 or more at expiration, the holder will not exercise and the writer will profit by the amount of the premium, $1,000.  In contrast, if the T-bond decreases, a loss is incurred.  For example, if the holder exercises at $95,000, the put writer must buy the bond at $95,000.  An actual $5,000 loss will occur if the writer elects to sell the bond and a paper loss if he holds on to it.  This loss, minus the $1,000 premium, yields a loss of $4,000 when the market price is $95,000.  As indicated in the graph, the break‑even price in which the profit from the position is zero is S0* = $99,000, the same as the put holder's.  That is:
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13.3.6 Covered Put Write

The last fundamental option strategy is the covered put write.  This strategy requires the seller of a put to cover her position.  Because a put writer is required to buy the bond at the exercise price if the holder exercises, the only way she can cover the obligation is by selling the underlying bond short.    Using our same numbers, suppose a writer of the T-Bond  put shorts the bond: borrows a T-Bond and then sells it in the market at a current price of $100,000.  At expiration, if the bond price is less than the exercise price and the put holder exercises, the covered put writer will buy the bond with the $100,000 proceeds obtained from the short sale, then return the  bond that was borrowed to cover the short sale obligation.  The put writer's obligation is thus covered and the writer profits by an amount equal to the premium as shown in Figure 13.3‑6 and its accompanying table.  In contrast, losses from covered put writes occur when the bond price rises above $101,000.  When the T-Bond price at expiration is  above $100,000, the put is worthless since the holder would not exercise, but losses would occur from covering the short sale.  For example, if the writer had to cover the short sale when the bond was at $105,000, she would incur a $5,000 loss.  This loss, minus the $1,000 premium the writer received, would equate to a net loss of $4,000.  Finally, the break‑even price for the covered put write in which profit is zero occurs at ST*} = $101,000

13.4 OTHER OPTION STRATEGIES  
One of the important features of an option is that it can be combined with the security and other options to generate a number of different investment strategies. Two well‑known strategies formed by combining option positions are  straddles and spreads. 

13.4.1 Straddle
A  straddle purchase is formed by buying both a call and put with the same terms ‑‑ same underlying security, exercise price, and expiration date.  A straddle write, in contrast, is constructed by selling a call and a put with the same terms.


In Figure 13.4‑1 and its accompanying table, the profit graphs are shown for a T-Bond call, put, and straddle purchases in which both the call and the put have exercise prices of $100,000 and premiums of $1,000 and there is no accrued interest at expiration..
  The straddle purchase shown in the figure is geometrically generated by vertically summing the profits on the call purchase position and put purchase position at each bond price.  The  resulting straddle purchase position is characterized by a `V'-shaped profit and spot price relation.  Thus, the motivation for buying a straddle comes from the expectation of a large  price movement in either direction.  For example, at the bond price of $95,000, a $3,000 profit is earned: $4,000 profit on the put minus a $1,000 loss on the call; similarly at $105,000, a $3,000 profit is attained: $4,000 profit on the call minus a $1,000 loss on the put.  Losses on the straddle occur if the price of the underlying security remains stable, with the maximum loss being equal to the costs of the straddle ($2,000) and occurring when the bond price is equal to the exercise price.  Finally, the straddle is characterized by two break‑even prices ($98,000 and $102,000).


In contrast to the straddle purchase, a straddle write yields an inverted `V'-shaped profit graph.  The seller of a straddle is betting against large price movements.  A maximum profit equal to the sum of the call and put premiums occurs when the bond price is equal to the exercise price; losses occur if the bond price moves significantly in either direction.   A straddle write problem is included at the end of this chapter.  

13.4.2 Spread
A spread is the purchase of one option and the sale of another on the same underlying security but with different terms: different exercise prices (money spread), different expirations (time spread), or both (diagonal spread).  Two of the most popular time spread positions are the bull spread and the bear spread.  A bull call spread is formed by  buying a call with a certain exercise price and selling another call with a higher exercise price, but with the same expiration date.  A bear call spread is the reversal of the bull spread; it consists of buying a call with a certain exercise price and selling another with a lower exercise price.  (The same spreads also can be formed with puts.)


In Figure 13.4‑2 and its accompanying table, the profit graph for a bull call spread strategy is shown.  The spread is formed with the purchase of the 100 T-Bond call (X = $100,000)  for PT = 1 ($1,000) and the sale of a 101 T-Bond call (X = $101,000)  for PT = 0.75 ($750)  (same underlying T-Bond and expirations). The bull spread is characterized by losses limited to $250 when the T-Bond price is $100,000 or less, limited profits of $1,750 starting when the bond price hits $101,000, and a break‑even price of $100,250.


A bear call spread results in the opposite profit and security price relation as the bull spread: limited profits occur when the security price is equal or less than the lower exercise price and limited losses occur when the security price is equal or greater than the higher exercise price.  A bear spread problem also is included at the end of this chapter.

13.5 OPTION PRICE RELATIONSHIPS
In our discussion of the fundamental option strategies, we treated the option premium as a given.  The price of an option, though, is determined in the market and is a function of the time to expiration, the strike price, the security  price, and the volatility of the underlying security. The Option Pricing Model for pricing debt option is examined in Appendix 13A.  Here,  we  identify some of the factors that determine the price of an option.

13.5.1 Call Price Relationships
The relationship between the price of a call and its expiration time, exercise price, and security  price can be seen by defining the call's intrinsic value and time value premium.  By  definition, the intrinsic value (IV) of a call at a time prior to expiration (let t signify any time prior to expiration), or at expiration (T again signifies expiration date) is the maximum (Max) of the difference between the price of the security (St) and the exercise price or zero (since the option cannot have a negative value).  That is:

   (13.5‑1)


IV = Max[St‑X, 0].

Thus, if a T-Bill call had an exercise price of $987,500 (RD  =  5 or IN = 95) and the spot T-Bill  was trading at $988,000, then the intrinsic value of the call would be $500; if it were trading below $987,500,  the IV would be zero.  The intrinsic value can be used as a reference to define in‑the‑money, on‑the‑money and out‑of‑the‑money calls.  Specifically, an in‑the‑money call is one in which the price of the underlying security exceeds the exercise price; as a result, its IV is positive.  When the price of the security is equal to the exercise price, the call's IV is zero and the call is said to be on the money (or at the money).  Finally, if the exercise price exceeds the security price, the call would be out of the money and the IV would be zero.  In summary:

  Call:

  In‑The‑Money:

  On-The-Money:

  Out-Of-The-Money:


St > X => IV > 0

St = X => IV = 0

St < X  => IV = 0




The other component of the value of an option is the time value premium (TVP).  By definition, the TVP of a call is the difference between the price of the call and its IV.  That is:

   (18.5‑2)


TVP = Ct ‑ IV.

If the call premium were $600 when the price of the underlying 95 T-Bill call (X = $987,500) were $988,000, the TVP would be $100.  The TVP decreases as the time remaining to expiration decreases.  Specifically, if the call is near expiration, we should expect the call to trade at close to its IV; if, however, six months remain to expiration, then the price of the call should be greater and the TVP positive; if nine months remain, then the TVP should be even greater. In addition to the intuitive reasoning, an arbitrage argument also can be used to establish that the price of the call is greater with a greater time to expiration.


Combined, the IV and the TVP show that two factors influencing the price of a call are the underlying security's price and the time to expiration.  Specifically, expressing Equation (17.5‑2) in terms of Ct ,

   (13.5‑3)


Ct = TVP + IV ,

we can see that the greater the time to expiration, the higher the TVP and thus the higher the call price; the higher the security  price the greater the IV of an in-the-money call and thus the higher its price.


Graphically, the relationship between Ct and the TVP and IV, as defined in Equation (13.5‑3), can be seen in Figure 13.5‑1.  In the figure, graphs plotting the call price and the IV (on the vertical axis) against the security  price (on the horizontal axis) are shown for a 95 T-Bill call option.  The IV line shows the linear relationship between the IV and the spot T-Bill price.  The line emanates from a horizontal intercept equal to the exercise price.  When the price of the spot T-Bill  is equal or less than the exercise price of $987,500, the IV is equal to zero; when the T-Bill is at $988,000, the IV is $500; when St = $988,500, the IV = $1,000, and so on.  The IV line, in turn, serves as a reference for the call price curve (CC).  Arbitrage opportunities (discussed in the next section) dictate that the price of the call cannot trade (for long) at a value below its IV if the call is American.  Graphically, this means that the call price curve cannot go below the IV line.  Furthermore, the IV line would be the call price curve if we are at expiration since the TVP = 0  and thus CT = IV.   The call price curve (CC)  in  Figure 13.5-1 shows the positive relationship between Ct and St.  The vertical distance between a CC curve and the IV line, in turn, measures the TVP.  Thus, the CC curve shows a call with a price of $100 when the spot T-Bill is below its exercise price at St = $986,000: its IV = 0 and TVP = $100.  When the T-Bill is trading at its exercise price, the call is priced at $500, the IV = 0 and the TVP = $500, and when the bill  is at $988,500, the call is at $1,200, the IV = $1000, and the TVP = $200.  The CC curve for a comparable  call with a greater time to expiration would be above the CC curve shown in Figure 13.5-1,  reflecting the fact that the call premium increases as the time to expiration increases.


In  summary, Figure 13.5-1 shows (1) that a direct relationship exists between the price of the call and the security price, as reflected by the positively sloped CC curve; (2) that the call will be priced above its IV, as shown by the CC curves being above the IV line; and (3) the price of the call will be greater the longer the time to expiration, as reflected by the distance between CC curve and the IV line (the call price curve at expiration).   Finally, it should be noted that the slopes of the CC curves approach the slope of the IV line when the security price is relatively high (known as a deep in‑the‑money‑call), and the slope approaches zero (flat) when the price of the security is relatively low (a deep out‑of‑the‑money call). 

13.5.2 Put Price Relationships
Analogous to calls, the price of a put at a given point in time prior to expiration (Pt) also can be explained by reference to its IV and TVP.  In the case of puts, the IV is defined as the maximum of the difference between the exercise price and the security  price or zero:

   (13.5‑4)


IV = Max[X‑St, 0].


Similar to calls, in‑the‑money, on‑the‑money, and out‑of‑the‑money puts are defined as:

  Put:

  In-The-Money:

  On-The-Money:

  Out-Of-The-Money
X > St => IV > 0

X = St => IV = 0

X < St => IV = 0



Similarly, the TVP for the put is defined as:

   (17.5‑5)


TVP = Pt ‑ IV .

Thus, the price of the put can be explained by the time to expiration and the security price in terms of the put's TVP and IV:

   (17.5‑6)


Pt = TVP + IV.


Graphically,  the put and stock price relationships are shown in Figure 17.5‑2, which shows a negatively sloped put‑price curve (PP) and a negatively sloped IV line going from the horizontal intercept (where St = X) to the vertical intercept where the IV is equal to the exercise price when the stock is trading at zero (i.e., IV = X, when St = 0).  The graphs show that  (1)  the price of the put increases as the price of the underlying security decreases, since the put's IV is greater the lower the security price; (2) the price of the put is above its IV with time remaining to expiration (if the put is American), else arbitrage opportunities (discussed in the next section) would ultimately push the price up to equal the IV; (3) the greater the time to expiration the higher the TVP and thus the greater the put price; and (4) the slope of the PP curve approaches the slope of the IV line for relatively low security prices (deep in‑the‑money puts) and approaches zero for relatively large security prices (deep‑out‑of‑the money puts).

13.6 PUT-CALL PARITY

13.6.1 Law of One Price and Arbitrage
Suppose an American call option on a T-Bill  with an exercise price of $987,500 (IN = 95) were trading at $400 when the spot 91-day T-Bill (F = $1M) were trading at $988,000 (IV = Max($988,000‑$987,500, 0) = $500).  In this situation we have an asset (the T-Bill) selling at two different prices: one is $988,000, offered in the spot  market; the other is $987,900 ($400 call premium plus $987,500 exercise price), available in the option market.  Given this situation, an arbitrage opportunity exists.  In this case, an arbitrageur could realize a riskless profit of $100 (excluding commissions) per call by: (1) buying the call at $400, (2) immediately exercising it (buying T-Bill  at $987,500), and (3) selling the T-Bill  in the market for $988,000.  However,  arbitrageurs seeking to profit from this opportunity would increase the demand for the T-Bill call, causing its price to go up until the call premium was at least $500 and the arbitrage opportunity disappeared.  Thus, in equilibrium, the American call would have to trade at a price at least equal to its IV.


Similar to the arbitrage arguments for calls, an arbitrage case also can be made for the prices that American puts must command.  Specifically, if an American put is trading at a price less than its IV, then an arbitrage profit can be earned by following a strategy of (1) purchasing the underlying security, (2) purchasing the put, and (3) exercising the put.  For example, if an `ABC 95 put' was trading at $400 when the spot T-Bill  was at $987,000, then a $100 profit per put would be earned by buying the spot T-Bill  at $987,000 and the put at $400, then using the put option to sell the T-Bill at $987,500.  As in the case of calls, arbitrageurs pursuing this strategy would increase the demand for puts until the put price was equal to at least the $500 difference between the exercise and spot T-Bill  prices.  Thus, in the absence of arbitrage, an American put would have to trade at a price at least equal to its IV.


These examples, in turn, show the meaning of the Law of One Price: An asset can only have one price.  Any price discrepancy between two different markets should quickly disappear due to the actions of arbitrageurs.

13.6.2 Put-Call Parity
Consider a strategy of buying a  T-Bond at par (F = $100,000)  and a put on the T-Bond with exercise price of $100,000.  The total cash flow from this portfolio at expiration is shown in Table 13.6-1.   As shown in Column 4, this bond and put portfolio has a minimum value of $100,000 (the exercise price) for ST < $100,000, and a value equal to the bond for ST ( $100,000.  Thus, an investor who purchased the bond some time ago could eliminate the downside risk of the bond by buying a put.  In this case, the bond value has been `insured' not to fall below $100,000, the exercise price on the put.  A combined long security and put position such as this is known as a `portfolio insurance' strategy.  Portfolio insurance represents an example of how options can be used by hedgers to obtain protection against decreases in the underlying security price.  Such strategies will be examined in more detail in the next chapter.


Next consider a portfolio consisting of the risk-free zero discount bond  priced at B0 with a maturity equal to the expiration of  the options with a face value of $100,000 and a 95 T-Bond call option.  As shown in column 7 of Table 17.6-1,  the values of this portfolio at time T are identical to the T-Bond and put portfolio's values at each T-Bond  price.  If the bond appreciates, the call becomes more valuable and the return on the bond is enhanced by the appreciation in the call price.  On the other hand, if the T-Bond  falls below the exercise price, the call is worthless and the portfolio simply is equal to the face value of the bond ($100,000).  A bond and call portfolio such as this is referred to as a fiduciary call, and it can be used as a substitute for hedging the T-Bond with a  put.


The equality between the two positions may be expressed algebraically as:

   (13.6‑1)

So + Po = Co + Bo,


This expression is commonly referred to as put-call parity.  Since the two portfolios have exactly the same cash flows at expiration, their aggregate prices at any time t must be identical, else arbitrage opportunities will exist.  For example, if the bill-call combination is cheaper than the T-Bond-put portfolio, an arbitrageur can earn a profit without taking risk and without investing any of his own money.  To expedite the strategy, the arbitrageur would have to buy the cheap portfolio and sell the expensive one.

 13.7 THE OPTION EXCHANGES

The primary objective of the CBOE, Philadelphia, Pacific, and other option exchanges is to provide marketability to option contracts by linking brokers and dealers, providing continuous trading through market makers and specialist,  standardizing  contracts, establishing trading rules and procedures,  and like the futures exchanges, guaranteeing and intermediating contracts through a clearinghouse. 

13.7.1 Standardization

Similar to the futures exchanges, the option exchanges standardize contracts by setting expiration dates, exercise prices, and contract sizes on options. The expiration dates on options are defined in terms of an expiration cycle.  Until 1984, the cycles on most exchanges were the January cycle with expiration months of January, April, July, and October, the February cycle with February, May, August, and November expiration months, and the March cycle with expiration months of March, June, September, and December.  On the CBOE and many of the other U.S. option exchanges, the exercise time is 10:59 AM central time on the Saturday after the third Friday of the expiration month.  The last day on which the expiring option trades, though, is Friday (Saturday is used so investors can settle by transferring cash or securities resulting from exercising or paying or receiving premiums from closing their positions). In a three‑month option cycle, only the options with the three nearest expiration months trade at any time.  Thus, as an option expires, the exchange introduces a new option which, at its introduction, would have nine months remaining before expiration; the remaining two options would accordingly have three and six months left to expiration.  For example, in late March, as the March option in the March cycle expires, December options are introduced, giving investors options with three expiration months: June, September, and December.


Because of a high demand for short‑term options in the 1980s, the CBOE and other option exchanges introduced new exercise cycles in 1984.  These cycle have options with expirations in the current month, the next month, and then the next two months in either of the original January, February, or March cycles.  For example, on June 1 a stock with a January cycle has options with expirations of June, July, October, and January (of the next year).  As the June option expires the April option is introduced.   This includes both stock and non‑stock options.
  In addition to the short-term option cycles, the CBOE and AMEX in 1990 began offering options with expirations of up to two years on a limited number of securities. 

In addition to setting the expiration, the exchanges also choose the exercise prices for each option.  Usually, at least three strike prices (sometimes as many as five) are associated with each option, when an option cycle  begins. Once an option with a specific exercise price has been introduced, it will remain listed until its expiration date.  The exchange can, however, introduce new options with different exercise prices at any time. The CBOE and other option exchanges also impose two limits on option trading: exercise limits and position limits.  These limits are intended to prevent an investor or groups of investors from having a dominant impact on a particular option. An exercise limit specifies the maximum number of option contracts that can be exercised on any five consecutive business days by any investor or investor group.  An exercise limit is determined by the exchange for each stock and non‑stock option.  A position limit sets the maximum number of options an investor can buy and sell on one side of the market; the limit for each stock and non‑stock option is the same as the exercise limit.  A side of the market is either a bullish or bearish position.  An investor who is bullish could profit by buying calls or selling puts, while an investor with a bearish position would hope to profit by buying puts and selling calls. 

13.7.2 Option Clearing Corporation
The  Option Clearing Corporation (OCC)  acts as the  clearinghouse for option contracts; it intermediates each option transaction which takes place on the exchange and guarantees that all option writers fulfill the terms of their options if holders exercise.


As an intermediary, the OCC functions by breaking up each option trade.  After a buyer and seller complete an option trade, the OCC steps in and becomes the effective buyer to the option seller and the effective seller to the option buyer.  At that point, there is no longer any relationship between the original buyer and seller.  If the buyer of the option decides to exercise, she does so by notifying the OCC (through her broker on the exchange).  The OCC (who is the holder's effective option seller) will randomly select one of the option sellers who is short on the exercised security and assign that writer the obligation of fulfilling the terms of the exercise request.


By breaking up each option contract, the OCC makes it possible for option investors to close their positions before expiration.  If a seller (buyer) of an option later becomes a buyer (seller) of the same option, the OCC computer will note the offsetting position in the option investor's account and will therefore cancel both entries.  For example, suppose in January an investor sells a March 95 T-Bill call for PT = 1 (X = $987,500, C = $2500).  When the OCC breaks up the contract, it records the investor's short position in its computer, indicating the writer is subject to possible assignment if any holder of the March  95 T-Bill call decides to exercise. If this did occur, the writer  would have to buy the T-Bill  in the market and sell it to the exercising holder at the $987,500 exercise price.  If the writer at a later date wanted to close his position (either to avoid assignment, to take advantage of a profit opportunity, or to minimize losses), he could do so by simply buying a March 95 T-Bill call at the prevailing call price.  The OCC would step in after the new transaction and enter the investor's position on its records.  The OCC's records then would show an entry with the investor's long position, giving him the right to buy a T-Bill on or before the March expiration  at $987,500, and the investor's previous short position, giving the OCC the right to assign the investor the responsibility to sell the T-Bill if there is an exercise.  The offsetting positions (the right to buy and the obligation to sell) cancel each other and the OCC computer system simply erases both entries.  Since the second transaction serves to close out the position, it is referred to as a closing purchase or an offsetting order or simply an offset.  Similar closing positions exist for an option buyer.  Instead of exercising, a call buyer can close her position by later selling the option.  In this case, the OCC record showing the investor with the right to buy would be canceled by the new entry showing the investor with the responsibility to sell the security if another holder exercises.  This offset is referred to as a closing sale.  To recapitulate, by breaking up each transaction, the OCC provides marketability to options by making it easier for investors to close their position.


The OCC also enhances the marketability of option contracts by guaranteeing that the terms of a contract will be fulfilled if a holder exercises.  To provide this insurance, the OCC has a claim on the securities and deposits that the option writer is required to maintain in an account with her brokerage firm as security or collateral.  All  covered option writers are required by the option exchanges to place the securities (for calls) or the cash or cash equivalents (for puts) in an escrow account of their brokerage firm, and all naked option writers are required to maintain cash or a cash equivalent in a deposit account with the brokerage firm equal to a certain percentage of the contract value. 

13.7.3  Types of Option Transactions
Investors can make four types of trades on the option market: opening, expiring, exercising, and closing transactions. The opening transaction  occurs when investors initially buy or sell an option. An expiring transactions, in turn, is allowing the option to expire: that is, doing nothing when the expiration date arrives because the option is worthless (out of the money).  If it is profitable, a holder can exercise.  To exercise, the  holder of an  option  notifies his broker, who, in turn, gives the investor's instructions to the clearing firm of the OCC where the initial trade was cleared.
  
Finally, the holder or writer of an option can close their positions with an offsetting or closing transaction or  order.  An option holder would close her position by selling the option in the market, and an option writer would close by buying the option. For example, if a money market manager  bought a 95 T-Bill call (X = $987,500) at $600 when the spot T-Bill was trading at $988,000 and wanted to close his transaction near expiration when bills were trading at $988,500, he could do so by selling the call.  If he sold, it should trade at a price at least equal to the difference between the  underlying spot T-Bill  price and the exercise price.  Thus, at a spot price of $988,500 he should be able to sell  the 95 T-Bill call for at least $1000 per call to  realize a profit of at least $400.  If there is some time to expiration, the holder will be able to sell the call with a time value premium (TVP).  By contrast, if a another money manager  sold a 95 T-Bill call at $400 when the spot bill was at $988,000, and near expiration the bill  went to $988,500, then she could close by buying the call at a price at least equal to $1000 per call.  If she does close her transaction by buying the call back at $1,000, then she will realize a loss of $600.  Again, if there is some time to expiration, then the cost of buying back the call will be higher since the call will include a TVP


In discussing closing transactions, it should be emphasized that it is usually advantageous for an option holder to sell the option instead of exercising, since the selling price includes a TVP, while exercising does not.  Also exercising incurs higher commission costs than closing.  For these reasons most options that are traded in the market are closed rather than exercised.

13.7.4 Margins on Option Positions
The option exchanges set margin requirements on short option positions; requirements which brokerage firms are allowed to increase.  The requirements specify an initial amount of cash or risk-free securities a writer must deposit in an account with the broker (initial margin) and the value of the account that must be maintained (maintenance margin). 

13.8 USES OF T-BILL AND T-BOND OPTIONS

13.8.1 Speculation

T‑bill and T-Bond options can be used to speculate on movements in interest rates. For example, suppose a speculator believes the Federal Reserve System will lower short‑term interest rates in the near future to stimulate the economy. Since lower T‑bill rates would imply greater T‑bill prices, the speculator could profit (if her expectation  is correct) by taking a long position in a T‑bill call. Table 13.8‑1 shows the profit and index price (and discount yield (RD)) relation at expiration from closing a June 94 T‑bill call purchased at 1. As shown, if rates, as measured by RD, are 6% or higher at expiration, then the speculator would lose the premium of $2,500; if RD = 5%, then the speculator breaks even; if rates are lower than 5%, then the speculator profits. In contrast, if a speculator believes that short‑term interest rate are going to increase in the near future, then she should take a long position in a T‑bill put option. Table 13.8-2 shows the profit and index (and RD) relation at expiration from closing a long position in a June 94 T‑bill put purchased at 1. 


Similar positions can be taken in T-Bond options by speculators who expect long-term  rates to change.  For example, suppose in June a speculator believes that the current economic growth will push long‑term interest rates up (and therefore the price on long‑term bonds down) over the next three months. To profit from this expectation, suppose the speculator buys a September 94 T‑bond put at 1 ($1,000), with the underlying T‑bond having a maturity of 15.25 years, 6% coupon (semi‑annual payment), and face value of $100,000. Table 13.8-3 shows the possible profits per spot T‑bond index from closing the put at expiration at its intrinsic value when the bond is assumed to have exactly 15 years to maturity and no accrued interest. As shown in the table, if long‑term interest rates increase (ST decreases), the speculator can profit; if rates decrease, his losses are limited to the put premium of $1,000.
 In contrast, if the speculator believes that long‑term rates will fall in the future, then he could  take a long position in a T‑bond call.


Recall, that options can be combined in different ways to obtain different types of profit  relations.  A speculator who expected rates to increase in the future  but didn’t want to assume the risk inherent in a put purchase position could form a bull call (or put) spread.   In contrast, a speculator who expected rates to be stable over the near term could, in turn, profit by forming a straddle write. Thus, by combining different option positions speculators can obtain positions that match their expectation and their desired risk-return preference. 

13.8.2 Hedging
In addition to using T‑bill and T-Bond options to speculate on  interest rate movements, these options also can be used by money managers, treasurers, dealers, and fixed income managers  as a hedging tool to lock in either a maximum interest rate on an anticipated  debt obligation or the minimum rate on a future bond investment.


To illustrate, consider the case of a corporate treasurer who in June anticipates a cash inflow of over $985,000 in September (the company's peak selling period). Suppose the treasurer plans to invest the September funds in a 91‑day T‑bill. Assume that in June, 91‑day T‑bills are trading at a spot index of 94 (So = $985,000), implying a YTM of approximately 6.25%% (that is: YTM = ($1,000,000/$975,000)(365/91) ‑ 1 = .0624958). Suppose the treasurer would like to earn a minimum rate on his September investment that is only marginally below the current T‑bill YTM of 6.25%, with the possibility of higher yields if short‑term rates increase. To achieve these objectives, the treasurer could take a long position in a September T‑bill call option. For example, suppose the treasurer buys one September 94 T‑bill call option at 1 (X = $985,000, Co = $2,500) in June, with plans to close the call at expiration at its intrinsic value and then purchase a spot T‑bill. Table 13.8-4 shows the effective investment expenditures at expiration (costs of the T‑bill minus the profit of the T‑bill call) and the hedged YTM earned from those expenditures (YTM = [F/Effective Investment](365/91)). As shown, by hedging with the T‑bill call, the treasurer is able to obtain at least a 5.1748% YTM, with the potential to earn higher returns if interest rates on T‑bills increase.


If, instead of investing funds in the future, the treasurer was planning to borrow short‑term funds in anticipation of a future liability, then he could take a long position in a T‑bill put. The long put position would, in turn, enable the treasurer to obtain a maximum hedged‑borrowing rate with the possibility of lower borrowing rates if short‑term rates decline.
Similar  position can also be formed with T-Bond calls and puts to hedge long-term debt and investment positions.  As an example,  suppose in June a portfolio manager anticipates selling a T‑bond from her fixed income portfolio in September to meet forecasted liquidity needs. Suppose the T‑bond the manager plans to sell pays a 6% interest, will have 15 years to maturity and no accrued interest at the anticipated selling date in September, and currently is priced at 94. By buying a September T‑bond put, the manager can attain insurance against possible increases in long‑term interest rates. In this case, suppose the manager buys a September 94 T‑bond put for 1 (X = $94,000, P0 = $1,000)  with the underlying T‑bond on the put being the same as the T‑bond she plans to sell. Table 13.8-5 shows the manager's revenue from selling the T‑bond and closing the put at the put's September expiration date. As shown in the table, the manager would be able to realize a minimum revenue of $93,000 if rates on 15‑year T‑bonds are approximately 6.60% or more and revenues that increase with higher bond prices if rates are below 6.60%. In this case, the fixed‑income portfolio manager has attained insurance on a long-term bond position using a T‑bond put. Such a strategy represents a bond insurance strategy.  In contrast, if the portfolio manager were planning to buy long‑term bonds in the future and was worried about higher bond prices (lower rates), she could hedge the future investment by buying T‑bond calls.


T‑bill and T-Bond options provide a useful hedging tool for debt and investment positions. As such, they  can be used by corporate treasurers, dealers, money managers, and bond portfolio managers in managing short‑term and long-term assets and liabilities. In practice, though, using such options as a hedging tool is somewhat more complex than the above examples. As we  noted in our discussion of futures hedging, problems often arise because the underlying security on the option and the security to be hedged are not identical, the expiration on the option and the time to buy or sell the security often are not the same, and the size of the funds to hedge and the option contract may not be equal. In  the next chapter we will address some of these issues when we examine hedging debt positions with futures and options in more detail.

13.8.3  Dealer Options
It should be noted that the OTC market has a number of dealers who specialize in offering options on debt securities. Many of these dealers also deal in different bonds and often write options on the bonds they deal to provide sweeteners for their clients (if the dealers do this, they also might take an opposite position in an exchange‑traded treasury option to partially hedge their position). In the Dealer's Option Market, option contracts are negotiable, with buyers and sellers entering directly into an agreement. Thus, the dealer's market provides option contracts which are tailor‑made to meet the holder's or writer's specific needs. The market, though, does not have a clearinghouse to intermediate and guarantee the fulfillment of the terms of the option contract, or market makers or specialists to ensure continuous markets; the options, therefore, lack marketability.

 13.9 OPTIONS ON FUTURES

Unlike stock, stock index, and currency options, the market for debt options has not grown dramatically. The relatively poor growth of the debt option market is somewhat surprising (at least at first glance) given the speculative and hedging uses of this option. However, fixed‑income portfolio managers, investment bankers, and money managers who speculate and hedge debt positions are more likely to use options on futures contracts on debt securities than options on the actual security. This is because options on the futures contracts are more liquid than options on the spot debt security. 

13.9.1 Characteristics
Options on futures contracts (also called options on futures, futures options, and commodity options) are option contracts which give the holder the right to take a position in a futures contract.


A call option on a futures contract gives the holder the right to take a long position in the underlying futures contract when she exercises, and requires the writer to take the short position in the futures if she is assigned. Upon exercise, the holder of a futures call option takes a long position in the futures contract at the current futures price and the assigned writer takes the short position. The writer then pays the holder the difference between the current futures price and the exercise price.


A put option on a futures option entitles the holder to take a short futures position and the assigned writer the long position. Thus, whenever the put holder exercises, he  takes a short futures position at the current futures price and the assigned writer takes the long position and pays the holder the difference between the exercise price and the current futures price.


Like all option positions, the futures option buyer pays an option premium in full (i.e., no margin purchases are allowed) for the right to exercise. The writer, in turn, receives a credit when he sells the option and is subject to initial and maintenance margin requirements. If the option is exercised, both the holder and the assigned writer are marked to market on the futures positions.

13.9.2 The Market for Futures Options
Before 1936, the U.S. futures exchanges offered futures options for a number of years. In 1936, though, the instruments were banned when U.S. security regulations were tightened following the 1929 stock market crash.
 The current U.S. market for futures options began in 1982 when the Commodity Futures Trading Commission (CFTC) initiated a pilot program in which it allowed each futures exchange to offer one option on one of its futures contracts. In 1987, the CFTC gave the exchanges permanent authority to offer futures options.


Currently, the most popular futures options are the options on the financial futures: SP 500, T‑bond, T‑note, T‑bill, Eurodollar deposit, and the major foreign currencies. Many of the these contracts have expiration months, position limits, and contract specifications similar to their underlying futures contracts. A number of futures options contracts, though, do not have the same expiration date as their underlying futures contract.  For example, options on T-bond futures expire before the futures contract.  In addition to options on financial futures contracts, futures options also are available on gold, precious metals, agriculture commodities, and energy products.  As of 1990, options on financial futures accounted for approximately 40% of the total volume of futures options, with foreign currency futures and agriculture futures representing approximately 20% each, energy futures, one of the fastest growing contracts, accounting for 15%, and metals, approximately 5%.

13.9.3 Differences in Futures and Spot Options
Spot options and futures options  are equivalent if the options and the futures contract expire at the same time, the carrying‑costs model holds, and the options are European. (In contrast, spot and futures options will differ to the extent that these conditions do not hold.) There are, though, several factors which serve to differentiate the two contracts. First, since most futures contracts are relatively more liquid than their corresponding spot security, it is usually easier to form hedging or arbitrage strategies with futures options than with spot options. Second, futures options often are easier to exercise than their corresponding spot. For example, to exercise an option on a T-bond futures, one simply assumes the futures position, exercising a spot T‑bond option, though, requires an actual purchase or delivery. Finally, most futures options are traded on the same exchange as their underlying futures contract, while most spot options are traded on exchanges different from their underlying securities. This, in turn, makes it easier for futures options traders to implement arbitrage and hedging strategies than spot options traders.

13.9.4  Fundamental Futures 

Options Strategies

Some of the characteristics of futures options can be seen by examining the profit relationships for the fundamental call and put purchase  strategies formed with these options. Exhibit 13.9‑1 shows the profit and futures price relationship at expiration for the long call position on a T-Bill futures.  The call  has an exercise price equal to 90 (IMM) or X = $975,000, is priced at PT = .5 (P $1,250) and it is assumed the T-Bill futures option expires at the same time as the underlying T-Bill futures contract. The numbers shown in the exhibit reflect a case in which the holder exercises the call at expiration, if profitable, when the spot price is equal to the price on the expiring futures contract. For example, at ST = fT = $980,000, the holder of the 90 T-Bill  futures call would receive a cash flow of $10,000 and a profit of $5,000. That is, upon exercising the holder would assume a long position in the expiring  T-Bill futures priced at $980,000, which she subsequently would close by taking an offsetting short futures position at $980,000, and the holder would receive $$5,000 from the assigned writer ((fT ‑ X) = $980,000 ‑ $975,000) = $5,000), for a profit of $3,750. The opposite profit and futures price relation is attained for a naked call write position.  In this case, if the T-Bill futures is at $975,00 or less, the writer of the  futures call would earn the premium of $1,250, and if fT > $975,000, he, upon assignment, would have to pay the difference between fT and X and would have to assume a short position at fT, which he would close with an offsetting long position.


Exhibits 13.9-2 show a long put position on a 90 T-Bill futures purchased at .5. In the case of a put purchase, if the holder exercises when fT is less than X, then he will receive fT ‑ X and a short futures position which he can offset. For example, if ST = fT = $970,000 at expiration, then the put holder upon exercising would receive $5,000 (X - fT = $975,000 - $970,000) the put writer for a  profit of $3,750. His short position then would be closed by taking a long position in the  expiring T-Bill futures contract. The put writer's position, of course, would be the opposite.


It should be noted that while the technicalities on exercising futures options are cumbersome, the profits from closing a futures option at expiration still are equal to the maximum of either zero or the difference in fT ‑ X (for calls) or X‑fT (for puts), minus the option premium. Moreover, if the futures option and the underlying futures contract expire at the same time as we assumed above, then fT = ST, and the futures option can be viewed simply as an option on the underlying spot security with the option having a cash settlement clause.

13.9.5 Futures Option Pricing Relations

Arbitrage Relations
The option price relations and the arbitrage strategies governing option prices that were discussed earlier also apply to futures options. For example, the price on an American futures call option at time t must be at least equal to the call's intrinsic value as defined by the price on the futures contract at time t (ft):

Cta  Max[ft‑X,0] .

If this condition does not hold, an arbitrageur could buy the call, exercise, and close the futures position. For example, if the 90 T-Bill futures call  in the above example was trading at $4,900 when the futures contract was trading at $980,000, an arbitrageur could (1) buy the call at $4,900, (2) exercise the call to obtain ft ‑ X = $980,000 - $975,000 = $5,000 from the assigned writer plus a long position in the SP 500 futures contract priced $980,000 , and (3) close the long futures position by taking an offsetting short position at $980,000. Doing this, an arbitrageur would realize a riskless profit of $100.

Put‑Call Parity Model for Futures Options
The put‑call parity model for futures options can be derived from a  strategy consisting of a long position in a futures contract and a long position in a European put and  a short position in  European call on the futures contract.  As shown in Table 13.9‑1, if the options and the futures contract expire at the same time, then the conversion would be worth X ‑ fo at expiration, regardless of the price on the futures contract. Since this position  yields a riskless return, in equilibrium its value would be equal to the present value of a riskless bond with a face value of X‑fo:

(13.9‑1)

Poe ‑ Coe = (X‑fo)(1+R)-T .


Equation (13.9‑1) is the put‑call parity defining the equilibrium relation for European futures options. Moreover, if the carrying‑cost model holds and the futures and options expire at the same time, then Equation (13.9‑1) equals the equation for the put‑call parity model for the European spot option.

13.10 CONCLUSION

In this chapter, we have provided an overview of options on debt securities and futures options by  defining option terms and markets  and  by examining the fundamental option strategies.  Like futures on debt securities, options can be used to manage different types of debt positions. In this next chapter, we examine how financial institutions can use futures and options to manage their positions.
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� As we will see later, most options are not exercised, but instead are closed by holders selling their contract and writers buying their contracts.  As a starting point in developing a fundamental understanding of options, though, it is helpful to first examine what happens if the option is exercised.


�  In addition to the profit graph, option positions also can be described graphically by value graphs.  A value graph shows the option's value or cash flow at expiration, associated with each level of the stock price.  





� In many of our examples we assume calls and puts with the same terms are priced the same.  We do this for simplicity.  In most cases, though, calls and puts with the same terms are not priced equally.  The relation between call and put prices is discussed in Section 13.6.


� An exception, however, is some stock index options which have a cycle which includes the current month, the next month, and the next one or two months in one of the original January, February, or March cycles. 


� The clearing firm then notifies the OCC who, after examining its records, randomly selects a clearing firm which has a short position in the option being exercised.  Upon notification from the OCC, the assigned clearing firm then would randomly select one of the brokerage firms on its account with a short position in the option.  Finally, the assigned brokerage firm would select one of its customers who is short in the stock option (either on a first�in/first�out basis or randomly).  The assigned writer must then fulfill the terms of the option: selling the called stock at the exercise price, or in the case of a put, buying the stock at the strike price.  The holder who exercises a call then can keep the stock or notify her broker to sell it in the stock market; the holder who exercises a put would instruct /her broker to purchase the stock in the market and then give an exercise order on the put.


	It should be noted that option holders who exercise and writers who are assigned are charged a stock commission cost since their trades involve the purchase and sale of stock in terms of the option contract and possibly later in the stock market  Such costs can be relatively high.  It also should be noted that most brokerage firms stipulate in their contracts with option investors that if the investor is remiss in exercising or closing a profitable option by expiration, they will exercise (not close) the option for him/her.  If the brokerage contract is silent on this point, however, and if at expiration the holder forgets or fails to exercise, the OCC automatically will exercise the option if it is profitable for it to do so.  In fact, one of the reasons for choosing Saturday as the expiration date is that it gives the OCC an opportunity to review its records to determine which contracts to exercise automatically and to whom they should be assigned.


�     It should be noted that normally T�bond options would be closed or exercised on non�coupon dates.  As a result, accrued interest would need to be included in determining the exercise price.  If we assume in the above example that the expiration date represented a point half way between semi�annual coupon dates, then given a 10% semi�annual coupon, an accrued interest of $2500 would need to be added to the exercise price in determining the put's intrinsic value.





� Futures options have been available on foreign exchanges for a number of years.





� As noted previously, options generally should be closed instead of exercised (i.e., they are more valuable alive than dead). Both call and put futures options, can pose exceptions to this rule. Consider a case in which there is a 70 call option on a T�bond futures contract and a spot T�bond paying an 8% coupon and trading at par (100). With the T�bond at 100, the 70 option on the T�bond futures contract would be deep in the money. As a result, the option should be trading at close to its intrinsic value of 30, and the price of the deep�in�the�money futures option should be highly correlated with changes in the prices of the T�bond futures, as well as spot. If this is the case, a long position in the option would have approximately the same risk as a long position in the spot T�bond. Given this, a holder of the T�bond futures option (which is American) would find it advantageous to sell her call at 30, then use the funds to buy the T�bond on the spot market at 100. By doing this, the option holder would be able to earn an $8 coupon return from a $70 investment for a 11.4% rate of return ($8/$70). Thus, for the same risk as the option, the option holder would be able to obtain a higher return from the bond than the call option. Moreover, if enough holders of the 70 T�bond futures call try to sell their options to take advantage of this situation, they would push the price of the call below its intrinsic value. 
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Table 13.8-1: Profit and Interest Rate Relation from Closing a Long 94 T-Bill Call Purchased at 1
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Table 13.8-5: Hedging a Future T-Bond Sale with a T-Bond Put
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Exhibit 13.9-2: Futures Options on

Treasury Securities 

Put  on T-Bill Futures:

		X  =  IMM  90 or X = $975,000

		PT  =  .5  or  P = $1,250

		Futures and options futures have same expiration.
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Exhibit 13.9-1: Futures Options on

Treasury Securities 

Call on T-Bill Futures:

		X  =  IMM  90 or X = $975,000

		PT  =  .5  or  C = $1,250

		Futures and options futures have same expiration.
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Table 13.9-1: Put-Call-Futures Parity
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Table 13.8-4: Hedging the Cost of a September T-Bill Purchase with a T-Bill Call









Sheet1


			


						Call Purchase


						Spot Price at T			Profit/Loss


						90000			-1000


						95000			-1000


						100000			-1000


						101000			0


						102000			1000


						103000			2000


						104000			3000


						105000			4000


						106000			5000
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						Naked Call Write


						Spot Price at T			Profit/Loss


						90000			1000


						95000			1000


						100000			1000


						101000			0


						102000			-1000


						103000			-2000


						104000			-3000


						105000			-4000


						106000			-5000








Sheet3


			


						Covered Call Write


									Short Call			Long T-Bond			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						90000			1000			-10000			-9000


						95000			1000			-5000			-4000


						100000			1000			0			1000


						101000			0			1000			1000


						102000			-1000			2000			1000


						103000			-2000			3000			1000


						104000			-3000			4000			1000


						105000			-4000			5000			1000


						106000			-5000			6000			1000
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						Spot Price at T			Profit/Loss


						90000			-9000


						95000			-4000


						100000			1000


						101000			1000


						102000			1000


						103000			1000
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						105000			1000


						106000			1000








Sheet6


			


						Covered Put Write


									Short Put			Short T-Bond			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						90000			-9000			10000			1000


						95000			-4000			5000			1000


						100000			1000			0			1000


						101000			1000			-1000			0


						102000			1000			-2000			-1000


						103000			1000			-3000			-2000


						104000			1000			-4000			-3000


						105000			1000			-5000			-4000


						106000			1000			-6000			-5000
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						Straddle Purchase


									Call Purchase			Put Purchase			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						94000			-1000			5000			4000


						97000			-1000			2000			1000


						98000			-1000			1000			0


						100000			-1000			-1000			-2000


						102000			1000			-1000			0


						103000			2000			-1000			1000


						106000			5000			-1000			4000
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						Bull Spread


									100 Call Purchase at 1			101 Call Sale at .75			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						94000			-1000			750			-250


						97000			-1000			750			-250


						98000			-1000			750			-250


						100000			-1000			750			-250


						100250			-750			750			0


						101000			0			750			750


						102000			1000			-250			750


						103000			2000			-1250			750


						106000			5000			-4250			750
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						1			2			3			4			5			6			7


									100 T-Bond Put			Long T-Bond			Total			100 T-Bond Call			T-Bill			Total


						Spot Price at T			Value			Value			Value			Value			Value			Value


						94000			6000			94000			100000			0			100000			100000


						97000			3000			97000			100000			0			100000			100000


						98000			2000			98000			100000			0			100000			100000


						100000			0			100000			100000			0			100000			100000


						101000			0			101000			101000			1000			100000			101000


						102000			0			102000			102000			2000			100000			102000


						103000			0			103000			103000			3000			100000			103000


						104000			0			104000			104000			4000			100000			104000
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						Call: X = 94 (985,000), C = 1 ($2,500)


															Long Call


						Spot Rate: R			Spot Index = 100-R			Spot Price			Profit/Loss


						6.5			93.5			983750			-2500


						6.25			93.75			984375			-2500


						6			94			985000			-2500


						5.75			94.25			985625			-1875


						5.5			94.5			986250			-1250


						5.25			94.75			986875			-625


						5			95			987500			0


						4.75			95.25			988125			625


						4.5			95.5			988750			1250


						4.25			95.75			989375			1875


						4			96			990000			2500
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						Put: X = 94 (985,000), C = 1 ($2,500)
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						Spot Rate: R			Spot Index = 100-R			Spot Price			Profit/Loss


						8			92			980000			2500


						7.75			92.25			980625			1875


						7.5			92.5			981250			1250


						7.25			92.75			981875			625


						7			93			982500			0


						6.75			93.25			983125			-625


						6.5			93.5			983750			-1250


						6.25			93.75			984375			-1875


						6			94			985000			-2500


						5.75			94.25			985625			-2500


						5			95			987500			-2500








Sheet12


			


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


															Long Put


						Spot Index			Spot Price			Estimated YTM			Profit/Loss


						90			90000			0.0701754386			3000


						90.5			90500			0.0696412948			2500


						91			91000			0.0691099476			2000


						91.5			91500			0.0685813751			1500


						92			92000			0.0680555556			1000


						92.5			92500			0.0675324675			500


						93			93000			0.0670120898			0


						93.5			93500			0.0664944014			-500


						94			94000			0.0659793814			-1000


						94.5			94500			0.0654670094			-1000


						95			95000			0.064957265			-1000
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						Call: X = 94 (985,000), C = 1 ($2,500)


						1			2			3			4			5


						1									Effective Costs			Hedged


						Spot Rate: R			Spot Price			Profit/Loss			col 2 - col 3			YTM


						7.5			981250			-2500			983750			0.0679212002


						7.25			981875			-2500			984375			0.0652041668


						6.75			983125			-2500			985625			0.0597959594


						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












 Call: X = 94 (985,000), C = 1 ($2,500)


1 2 3 4 5


1 Effective Costs Hedged 


Spot Rate: R Spot Price Profit/Loss col 2 - col 3 YTM


7.5 981250 -2500 983750 0.0679212


7.25 981875 -2500 984375 0.065204167


6.75 983125 -2500 985625 0.059795959


6.5 983750 -2500 986250 0.05710472


6.25 984375 -2500 986875 0.054422013


6 985000 -2500 987500 0.051747806


5.75 985625 -1875 987500 0.051747806


5.5 986250 -1250 987500 0.051747806


5.25 986875 -625 987500 0.051747806


5 987500 0 987500 0.051747806


4.75 988125 625 987500 0.051747806
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Table 13.8-3: Profit and Interest Rate Relation from Closing a Long 94 T-Bond Put Purchased at $1000











Sheet1


			


						Call Purchase


						Spot Price at T			Profit/Loss


						90000			-1000


						95000			-1000


						100000			-1000


						101000			0


						102000			1000


						103000			2000


						104000			3000


						105000			4000


						106000			5000
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						Naked Call Write


						Spot Price at T			Profit/Loss


						90000			1000
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						102000			-1000


						103000			-2000


						104000			-3000


						105000			-4000


						106000			-5000








Sheet3


			


						Covered Call Write


									Short Call			Long T-Bond			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						90000			1000			-10000			-9000


						95000			1000			-5000			-4000


						100000			1000			0			1000


						101000			0			1000			1000


						102000			-1000			2000			1000


						103000			-2000			3000			1000


						104000			-3000			4000			1000


						105000			-4000			5000			1000


						106000			-5000			6000			1000
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						Put Purchase


						Spot Price at T			Profit/Loss


						90000			9000


						95000			4000
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						101000			-1000


						102000			-1000


						103000			-1000


						104000			-1000


						105000			-1000


						106000			-1000
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						Naked Put Write


						Spot Price at T			Profit/Loss


						90000			-9000


						95000			-4000
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						102000			1000


						103000			1000


						104000			1000


						105000			1000


						106000			1000
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									Short Put			Short T-Bond			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						90000			-9000			10000			1000


						95000			-4000			5000			1000


						100000			1000			0			1000


						101000			1000			-1000			0


						102000			1000			-2000			-1000


						103000			1000			-3000			-2000


						104000			1000			-4000			-3000


						105000			1000			-5000			-4000


						106000			1000			-6000			-5000
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									Call Purchase			Put Purchase			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						94000			-1000			5000			4000


						97000			-1000			2000			1000


						98000			-1000			1000			0


						100000			-1000			-1000			-2000


						102000			1000			-1000			0


						103000			2000			-1000			1000


						106000			5000			-1000			4000
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									100 Call Purchase at 1			101 Call Sale at .75			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						94000			-1000			750			-250


						97000			-1000			750			-250


						98000			-1000			750			-250


						100000			-1000			750			-250


						100250			-750			750			0


						101000			0			750			750


						102000			1000			-250			750


						103000			2000			-1250			750


						106000			5000			-4250			750
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									100 T-Bond Put			Long T-Bond			Total			100 T-Bond Call			T-Bill			Total


						Spot Price at T			Value			Value			Value			Value			Value			Value


						94000			6000			94000			100000			0			100000			100000


						97000			3000			97000			100000			0			100000			100000


						98000			2000			98000			100000			0			100000			100000


						100000			0			100000			100000			0			100000			100000


						101000			0			101000			101000			1000			100000			101000


						102000			0			102000			102000			2000			100000			102000


						103000			0			103000			103000			3000			100000			103000


						104000			0			104000			104000			4000			100000			104000
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						Call: X = 94 (985,000), C = 1 ($2,500)


															Long Call


						Spot Rate: R			Spot Index = 100-R			Spot Price			Profit/Loss


						6.5			93.5			983750			-2500


						6.25			93.75			984375			-2500


						6			94			985000			-2500


						5.75			94.25			985625			-1875


						5.5			94.5			986250			-1250


						5.25			94.75			986875			-625


						5			95			987500			0


						4.75			95.25			988125			625


						4.5			95.5			988750			1250


						4.25			95.75			989375			1875


						4			96			990000			2500
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						Put: X = 94 (985,000), C = 1 ($2,500)


															Long Put


						Spot Rate: R			Spot Index = 100-R			Spot Price			Profit/Loss


						8			92			980000			2500


						7.75			92.25			980625			1875


						7.5			92.5			981250			1250


						7.25			92.75			981875			625


						7			93			982500			0


						6.75			93.25			983125			-625


						6.5			93.5			983750			-1250


						6.25			93.75			984375			-1875


						6			94			985000			-2500


						5.75			94.25			985625			-2500


						5			95			987500			-2500
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						T-Bond: M = 15yrs at T; Coupon = 6%;						Put: X = 94,000, P = 1000


															Long Put


						Spot Index			Spot Price			Estimated YTM			Profit/Loss


						90			90000			0.0701754386			3000


						90.5			90500			0.0696412948			2500


						91			91000			0.0691099476			2000


						91.5			91500			0.0685813751			1500


						92			92000			0.0680555556			1000


						92.5			92500			0.0675324675			500


						93			93000			0.0670120898			0


						93.5			93500			0.0664944014			-500


						94			94000			0.0659793814			-1000


						94.5			94500			0.0654670094			-1000


						95			95000			0.064957265			-1000
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T-Bond: M = 15yrs at T; Coupon = 6%; Put: X = 94,000, P = 1000


Long Put


Spot Index Spot Price Estimated YTM Profit/Loss


90 90000 0.070175439 3000


90.5 90500 0.069641295 2500


91 91000 0.069109948 2000


91.5 91500 0.068581375 1500


92 92000 0.068055556 1000


92.5 92500 0.067532468 500


93 93000 0.06701209 0


93.5 93500 0.066494401 -500


94 94000 0.065979381 -1000


94.5 94500 0.065467009 -1000


95 95000 0.064957265 -1000
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Table 13.8-2: Profit and Interest Rate Relation from Closing a Long 94 T-Bill Put Purchased at 1
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						101000			1000			-1000			0


						102000			1000			-2000			-1000


						103000			1000			-3000			-2000


						104000			1000			-4000			-3000
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						94000			-1000			750			-250


						97000			-1000			750			-250


						98000			-1000			750			-250


						100000			-1000			750			-250


						100250			-750			750			0


						101000			0			750			750


						102000			1000			-250			750


						103000			2000			-1250			750


						106000			5000			-4250			750
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									100 T-Bond Put			Long T-Bond			Total			100 T-Bond Call			T-Bill			Total


						Spot Price at T			Value			Value			Value			Value			Value			Value


						94000			6000			94000			100000			0			100000			100000


						97000			3000			97000			100000			0			100000			100000


						98000			2000			98000			100000			0			100000			100000


						100000			0			100000			100000			0			100000			100000


						101000			0			101000			101000			1000			100000			101000


						102000			0			102000			102000			2000			100000			102000


						103000			0			103000			103000			3000			100000			103000


						104000			0			104000			104000			4000			100000			104000
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						Call: X = 94 (985,000), C = 1 ($2,500)


															Long Call


						Spot Rate: R			Spot Index = 100-R			Spot Price			Profit/Loss


						6.5			93.5			983750			-2500


						6.25			93.75			984375			-2500


						6			94			985000			-2500


						5.75			94.25			985625			-1875


						5.5			94.5			986250			-1250


						5.25			94.75			986875			-625


						5			95			987500			0


						4.75			95.25			988125			625


						4.5			95.5			988750			1250


						4.25			95.75			989375			1875
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						Put: X = 94 (985,000), C = 1 ($2,500)


															Long Put


						Spot Rate: R			Spot Index = 100-R			Spot Price			Profit/Loss
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						7.75			92.25			980625			1875


						7.5			92.5			981250			1250


						7.25			92.75			981875			625


						7			93			982500			0


						6.75			93.25			983125			-625


						6.5			93.5			983750			-1250


						6.25			93.75			984375			-1875


						6			94			985000			-2500


						5.75			94.25			985625			-2500


						5			95			987500			-2500












Put: X = 94 (985,000), C = 1 ($2,500)


Long Put


Spot Rate: R Spot Index = 100-R Spot Price Profit/Loss


8 92 980000 2500


7.75 92.25 980625 1875
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7 93 982500 0


6.75 93.25 983125 -625
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Figure 13.6-1: Cash Flows from Call, Put, Bond, and Bill
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Figure 13.5-1: Call and Spot Price Relation

		95 T-Bill Call Price Curve
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Figure 13.5-2: Put and Spot Price Relation

		Put Price Curve:
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Figure 13.4-2: Bull Spread

		 Buy 100 T-Bond call for 1 and sell 101 T-Bond call for .75:





























p


S


T


100


000


,


101


000


,


-


250


750


-


1


000


,


1


000


,


102


000


,


·





_1028564184.ppt






Sheet1


			


						Call Purchase


						Spot Price at T			Profit/Loss


						90000			-1000


						95000			-1000


						100000			-1000


						101000			0


						102000			1000


						103000			2000


						104000			3000


						105000			4000


						106000			5000








Sheet2


			


						Naked Call Write


						Spot Price at T			Profit/Loss


						90000			1000


						95000			1000


						100000			1000


						101000			0


						102000			-1000


						103000			-2000


						104000			-3000


						105000			-4000


						106000			-5000








Sheet3


			


						Covered Call Write


									Short Call			Long T-Bond			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						90000			1000			-10000			-9000


						95000			1000			-5000			-4000


						100000			1000			0			1000


						101000			0			1000			1000


						102000			-1000			2000			1000


						103000			-2000			3000			1000


						104000			-3000			4000			1000


						105000			-4000			5000			1000


						106000			-5000			6000			1000








Sheet4


			


						Put Purchase


						Spot Price at T			Profit/Loss


						90000			9000


						95000			4000


						100000			-1000


						101000			-1000


						102000			-1000


						103000			-1000


						104000			-1000


						105000			-1000


						106000			-1000








Sheet5


			


						Naked Put Write


						Spot Price at T			Profit/Loss


						90000			-9000


						95000			-4000


						100000			1000


						101000			1000


						102000			1000


						103000			1000


						104000			1000


						105000			1000


						106000			1000








Sheet6


			


						Covered Put Write


									Short Put			Short T-Bond			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						90000			-9000			10000			1000


						95000			-4000			5000			1000


						100000			1000			0			1000


						101000			1000			-1000			0


						102000			1000			-2000			-1000


						103000			1000			-3000			-2000


						104000			1000			-4000			-3000


						105000			1000			-5000			-4000


						106000			1000			-6000			-5000










Covered Put Write


Short Put Short T-Bond Total


Spot Price at T Profit/Loss Profit/Loss Profit/Loss


90000 -9000 10000 1000


95000 -4000 5000 1000


100000 1000 0 1000


101000 1000 -1000 0


102000 1000 -2000 -1000


103000 1000 -3000 -2000


104000 1000 -4000 -3000


105000 1000 -5000 -4000


106000 1000 -6000 -5000





_1028564190.ppt






Sheet1


			


						Call Purchase


						Spot Price at T			Profit/Loss


						90000			-1000


						95000			-1000


						100000			-1000


						101000			0


						102000			1000


						103000			2000


						104000			3000


						105000			4000


						106000			5000








Sheet2


			


						Naked Call Write


						Spot Price at T			Profit/Loss


						90000			1000


						95000			1000


						100000			1000


						101000			0


						102000			-1000


						103000			-2000


						104000			-3000


						105000			-4000


						106000			-5000








Sheet3


			


						Covered Call Write


									Short Call			Long T-Bond			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						90000			1000			-10000			-9000


						95000			1000			-5000			-4000


						100000			1000			0			1000


						101000			0			1000			1000


						102000			-1000			2000			1000


						103000			-2000			3000			1000


						104000			-3000			4000			1000


						105000			-4000			5000			1000


						106000			-5000			6000			1000








Sheet4


			


						Put Purchase


						Spot Price at T			Profit/Loss


						90000			9000


						95000			4000


						100000			-1000


						101000			-1000


						102000			-1000


						103000			-1000


						104000			-1000


						105000			-1000


						106000			-1000








Sheet5


			


						Naked Put Write


						Spot Price at T			Profit/Loss


						90000			-9000


						95000			-4000


						100000			1000


						101000			1000


						102000			1000


						103000			1000


						104000			1000


						105000			1000


						106000			1000








Sheet6


			


						Covered Put Write


									Short Put			Short T-Bond			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						90000			-9000			10000			1000


						95000			-4000			5000			1000


						100000			1000			0			1000


						101000			1000			-1000			0


						102000			1000			-2000			-1000


						103000			1000			-3000			-2000


						104000			1000			-4000			-3000


						105000			1000			-5000			-4000


						106000			1000			-6000			-5000








Sheet7


			


						Straddle Purchase


									Call Purchase			Put Purchase			Total


						Spot Price at T			Profit/Loss			Profit/Loss			Profit/Loss


						94000			-1000			5000			4000


						97000			-1000			2000			1000


						98000			-1000			1000			0


						100000			-1000			-1000			-2000


						102000			1000			-1000			0


						103000			2000			-1000			1000


						106000			5000			-1000			4000










Straddle Purchase


Call Purchase Put Purchase Total


Spot Price at T Profit/Loss Profit/Loss Profit/Loss


94000 -1000 5000 4000


97000 -1000 2000 1000


98000 -1000 1000 0


100000 -1000 -1000 -2000


102000 1000 -1000 0


103000 2000 -1000 1000


106000 5000 -1000 4000





_1028564192.ppt


Figure 13.4-1: Straddle Purchase

		 Buy 100 T-Bond put for 1 and buy 100 T-Bond call for 1:
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Figure 13.3-6: Covered Put Write

		 Short T-Bond at 100,000, short 100 T-Bond put at 1.
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Figure 13.3-5: Naked Put Write

		 Sell T-Bond put: X =100,000, P = 1000
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Figure 13.3-4: Put Purchase

		 Buy T-Bond put: X=100,000, P = 1000
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Figure 13.3-2: Naked Call Write

		Sell T-Bond call for: X= 100,000, C=1000.
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Figure 13.3-3: Covered Call Write

		 Long T-Bond at 100,000, short 100 T-Bond call at 1.
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Figure 13.3-1: Call Purchase

		 Buy T-Bond call: X = $100,000, C = $1000
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