CHAPTER 3

The Building Blocks
of Functional Analysis

Twenty-five years ago it was comparatively easy to acquire a sound
knowledge of the general investment field...(but now)...the different
types of securities have multiplied in number to an almost unlimited
extent... (T)he different types of (securities) which are daily sought for
investment nowadays are often so different. ..that not only must each class
be judged by itself, but a great many issues of the same general class have
distinct traits which go far to affect directly their position and value as
investments. John Moody, 1910

The array of derivatives contracts is not as complex as it first appears.
Every derivatives transaction can be built up from two simple and

fundamental types of building blocks: forwards and options.
G-30 Overview, 1993

As with any other business activity, a primary concern of senior manage-
ment and its legal advisers regarding the use of a derivative product is the
Potential effect on the organization’s overall competitive strategy.
According to Professor Michael Porter of Harvard University’s Graduate
School of Business Administration, “[A]t general management’s core is
Strategy: defining a company’s position, making trade-offs, and forging fit
4mong activities.” Further, “competitive advantage comes from the way
'fin Organization’s] activities fit and reinforce one another.”? If the deriva-
live enhances portfolio or firm’s other activities, it contributes to long-
lerm organizational competitiveness. If it is incompatible with other activ-
1tes, it draing fesources, especially management resources, and can create
Other Operating inefficiencies.
~ Fundamenta] to understanding whether a product will fit with other

aclivities in ap organization’s overall competitive strategy is a functional
analysig of:

L. The derivative

2. The assets or liabilities with which it is to be combined

3. The economic behavior of the resulting combination

_ Afunctional approach begins with an analysis of an individual prod-

UCt's and investment risk and return characteristics. Next. it analyzes the

*3¥ the product combines, interacts, or fits with other assets, liabilities,
and business activities.
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including the traditional agricultural or physical commodities, as well as
currencies (referred to as foreign exchange forwards) and interest rates
(referred to as forward rate agreements or ‘FRAs’).”® The reason a forward
contract is the simplest derivative is that its value ordinarily changes in
direct proportion to changes in the price of the underlying fidget.
Consequently, calculation of the forward contract’s expected value is rela-
tively easy, and its price sensitivity to changes in the price of the underly-
ing fidget can be plotted linearly. *

Any calculation of forward prices begins from the underlying fid-
get’s current spor price. A spot price on any date is simply the market price
for immedijate delivery of the fidget on that date. Spot prices, which are
determined by supply and demand, ordinarily fluctuate over the time
period between the date the contract is entered into (the contract date) and
the forward delivery date specified in the contract.

Gain or loss on 3 forward is determined primarily by the difference
Petween the spot price on the delivery date and the purchase price set forth
In the contract (the contract price). If on the delivery date spot prices
€xceed the contract price, the buyer—often referred to as the holder of the
“long” position—of the underlying realizes a gain on the forward, and the
seller, or “short,” realizes a loss, each equal in an amount to the difference
bet_Ween the two prices. The reason is that the price of the fidget on the

clivery date wip) be cheaper under the contract than it is on the open mar-
keﬁ Conversely, if the delivery date spot price is less than the contract
Price, the buyer realizes a loss and the seller a gain.
he payoff profiles of both long and short positions in a forward con-
{fact are depicted jp Figure 3.1. In each case, the price of the underlying
fidget js indicated by the horizontal axis, and the contract price is indicated
y t.he point at which each diagonal line intersects the horizontal axis. The
POsitions of the long and the short are exactly offsetting; thus a gain for the
%18 is an equivalent loss for the short, and vice versa.

*Ease of calculation results in ease of price (or value) monitoring and, hence, risk managemcnt; This
contragtg markedly with option-based products, the pricing and risk managefnent of which, as
we wil] see, are far more involved and subject to much theoretical and pracn.cal deba.lte.
Plotting reveals that an option’s price sensitivity is curved and always changing, unlike that

The cozirchtowar d, which ig linear and constant. . i The reason is

will be valuable to the long whether or not it chooses to take delivery. .e re
that the long can always sell the contract to a third party who wishes to take delivery. In a
FOmpetitive market, that third party should be willing to pay up to the amount of the savings
it woylq realize by purchasing the underlying fidget pursuant to the forward contract rather
than on, the Spot market.
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mon stock, which Pays no dividend, is $10 and that the applicable “risk-
free” interest rate is 5%.* The theoretical forward price of a round lot (100

X 5%). The financing charge is the cost of inducing the seller to wait one
year before receiving payment for its LMN shares.

Aseller must be paid to wait, because waiting to consummate the sale
implies an Opportunity cost to the seller. If the seller were instead to sell on
today’s spot market, it would receive its $1000 immediately. The seller
could then invest that $1000 for one year, earning a risk-free return of $50.
If the risk-free rate were to rise to 6% prior to the contract date, the sel‘ler
Would demand g implied financing charge of $60. If the current spot price
Were also to decline to $9, the buyer would be willing to pay only $9 per
share, The forward price would be $954, or $900 plus a $54 finanmpg
charge ($900 X 6%). Thus, the primary reason forward prices of financial
instruments fluctuate is that Spot prices, market interest rates, or both fluc-
tuate.

Finally, aj forward-based transactions create two-way credit expo-
Sures, because actual exchanges of value occur only at maturity. It is pos-
Sible for either party to a forward to incur a loss or a gain, and therefore

Oth are expose to credit risk, or the risk of counterparty default.
Or many eng users, the two-way nature of credit risk is often the
central fearyre distinguishing forwards from other types of credit transac-
tions, Although most nonfinancial organizations purchase investment

* -
Often, the “risk-free” rare is the repo rare. “A repo or repurchase agreement is an agreement where

the owner of Securities agrees to sell them to a counterparty and buy them back at a s.hghtly
igher price later.” Hyj, Derivatives, supra, note 3: 50. The repo rate is considered nsk-‘free,
cause a repo jg economically equivalent to a loan in which the securities purchased with
€ loan Proceeds fyjpy collateralize the repayment obligation. “The difference be.tween. the
Price a¢ Wwhich the securities are sold and the price at which they are repurChfiSCd is the 1qter-
eft ‘arned by the counterparty. If structured carefully, a repo involves very little risk to. exthfr
Side. For example, if the borrowing [i.e., securities-buying] company does not keep to its side
of the agreement [j.e . does Not repurchase the securities or repay the loan], the lender simply
?eps the Securities,” 74 .
{tvely, if the seller does not own the LMN shares on the contract date, pricing theory '
3Ssumes the seller will purchage the shares at today’s spot price to “cover” its future delivery
Obligation, Otherwise, it runs the risk that spot prices will rise on or beforg ithas a chanc.e to
::);(e;. The seljer i assumed to obtain funding for today’s spot purchase price by borrowing
("N

Vieweqd differently, the discounted present value of the $1050 to be received in one yearis
$1050/(1.05) = $1000.

fAll&l‘]’]a
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in which one side makes no payments until the final maturity date; and
“forward swaps,” which do not commence until a future date.

As discussed earlier, the objective in designing a forward-based con-
tract (in this case, a swap) is to ensure that at the outset the net present
value of all exchanges of the payments to be made by both sides will equal
zero. The determination of the net present value of each side’s obligations
is simply a summation of the net present values of each of its payment
obligations. Although the number of calculations (and iterations of the
Same calculations) necessary to determine and equalize the net present val-
ues of the two sides’ payment obligations can be quite large, the calcula-
tion structyre jg straightforward.

Swaps contain two pricing uncertainties. First, usually one or both
sides of the transaction will be making floating-rate payments, and there-
fore the floating-rate pay or can only estimate the face amount of any
future payments to be made. Estimates depend on one’s assessment of
likely futyre interest rates (but not on the likely movement of underlying
fidgets, such ag commodity prices or equity values). Second, the discount-
Ig process requires assumptions about applicable interest rates to be used
to discount future payments to present value, and those rates usually
change during the life of the swap. Thus, the value of a swap will, over
ime, change 55 applicable rates change. Nevertheless, the calculation
Sucture wij) Temain constant. Therefore, for valuation purposes, the effect
of each change in applicable rates can be determined simply by substitut-
Ng the new rateg into the original formula.

Futures; 1y;

ghly Standardized Forwards
Taded op

Organized Exchanges

Afutyreg contract, like a forward, is an agreement of one party to buy and
e other tq sell a specific underlying fidget at a specific price, amount, and
Ale (or Over a specified time period*) in the future. Futures are, ?SSCH*
u?“y ' fO_rWard contracts traded on organized futures ex‘changes. Thelr pay-
O profiles are identical to those of forwards described in Flguri 3.1

Utures €xchangeg originally handled agricultural commodities, but “[t]he

i, i
¢ Way in Wwhich a futures contract js different from a forward contract is that an exact :ehvery
€ is not Usually specified. The contract is referred to by its delivery month,”agd ]t] e
“Xchange Specifies the period during the month when delivery must be made.” Hull,
erivarivesv Supra, note 3: 4.
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into and traded freely without concern about clearinghouse default, or
counterparty credit risk.*

Finally, the minimization of credit risk in futures transactions means
that, unlike participants in OTS forwards and swaps markets, can afford to
rémain anonymous. “The futures market...is an impersonal market in
which there is no premium on knowing one’s counterparty. The moral haz-
ard of trading with strangers is solved by interposing an intermedial‘y—_the
clearinghouse.”!! [p addition, relatively small minimum contract sizes
make futureg contracts more readily available to retail investors than
swaps and forwards, which are almost exclusively transactions between
institutions (with perhaps equity swaps being the most notable exception).

Unbundling Forward-Based Transactions

Swaps and futures are relatively simple contracts to unbundle into their
forward-bageq building blocks. However, the functional approach can also
analyze the risks of more complicated structured transactions, as the fol-
lowing two €Xamples demonstrate. Both structures manage currency
exchange risks; the second also manages the spot price risks of oil and rice
on behalf of an oil-producing nation that imports rice from Japan.

Creating a synthetic asset

Figure 3 2 diagrams a transaction designed in 1991 to enable an investor
Who had customarily held U.S. Treasuries to achieve its goal of improving
s returns, The investor desired to invest instead in German “bunds” yield-
g 31 basis Points more than comparable U.S. Treasuries. Bunds are
Man government bonds denominated and payable in deutshemarks
(DM). As ap alternative to purchasing a 10-year U.S. Treasury yielding
8.14%, the investor purchased an 8.45% 10-year bund and simultaneously
cntered intg 5 Maiching currency swap. Under the swap, the investor
A8reed to €xchange its DM cashflows over the life of the swap for U.S. dol-

* .
HOWever’ concerns about clearinghouse creditworthiness are not purely academic. An example is
Lono2d by “the collapse of the International Tin Councilin 1986 and the fallout for the
ndon Metajs Exchange. To cope with large defaults, some exchanges ?xphcnly msu:re
contracts, rajge assessments on members, or make special cails on them.” See Hargreaves,
Swaps: Versatility at Controlled Risk.
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concerns. The first was the risk of default of the dealer swap counterparty.
The second risk stems from the possibility that the investor might over the
10-year life of the structure have desired to liquidate the investment early
and sell the bund prior to the maturity of the swap. In that case, the investor
might have beep left with a swap for which it had no obvious use as a hedg-
ing instrument. Aside from possible adverse tax and accounting conse-
quences, that result would have left the investor in precisely the same posi-
tion it had set out to avoid—namely, exposed to U.S. $/DM currency
€xchange risk.

Had it liquidated the investment early, the investor would have had
to either terminate the swap or assign it, perhaps the bund purchaser. The
investor would have needed the legal right to assign the swap. Swap
assignments are, however, usually contractually prohibited (see, e.g., sec-
tion 7 of the ISDA Master Agreement) because they expose the other side
ti the credit risk of a new conterparty. They are also more cumbersome than
early terminations. Therefore, early termination would have been the more
likely choice of a]j parties.* If the assignee desired a swap, it could easily
®Nter into one on jts own.

One other risk with which the investor may have been concerned,
®Specially public company or regulated entity, was that of holding an
0TC derivative ang engaging in a potentially “suspect” activity.

Synthetic barter

F‘gFre 33 depicts a complex transaction in which a number of plain
yanilla SWaps were combined to achieve a remarkable result. The structure
{Ivolved tWo plain vanilla commodity swaps, a plain vanilla currency
SWap, and g4 Plain vanilla interest rate swap. The result was a synthetic
darter arrangement that enabled an oil-producing nation to obtain a long-
term SUpply of rice in exchange for a fixed long-term quantity of (?il.

: lor to the transaction, the practice of the oil-producing nation was
Smply to sell oil on the spot market for U.S. dollars. It would then convert
those dollars into Japanese yen and purchase rice in Japan on the spot ma{-

¢l The Nation had €Xposure to three separate price risks: “the price of oil

*
fo Valuating the all-in cost of the structure, the investor needs to consider the potential of early
*ermination Costs. Swap terminations require the payment of a termination value to the in-
t €-Money party. The termination value is usually the market value of tl?e swap. H‘oweve;, a
dealer Wwould algg charge a bid-asked spread, because early termination is economically the
Hame ag eniering into a new swap with exactly offsetting terms.

S iy i
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in dollars, the price of rice in yen, and the price of yen in dollars.”!?2 The
transaction structure mitigated all three of those risks.

Although the structure is complicated and the complete details were
Unavailable,* the transaction exhibits the following cash and commodity
flows. First, a commodity swap was entered into under which the oil pro-
ducer locked in a long-term fixed dollar price for selling future specified
oil production, Next, those dollars were indirectly converted into a fixed
number of yen using a combination of (1) a fixed-for-floating U.S. dollar
denominated interest rate swap followed by (2) a floating-rate dollar for
fixed-rate yen currency swap. Finally, the fixed-rate yen (the amount of
which was now also locked in) were converted, through a commodity
IS(Wap, into the yen needed to buy a fixed quantity of rice on the spot mar-

et.

The Primary risk introduced by the synthetic barter structure was the
chain of Counterparty risks arising from the possibility of involving up to
four separate dealers in the transaction.!

Option-Based Contracts

“The other derivatives building block is the option contract.”'3 All option-
based Products can be analyzed in terms of the two basic types of options:
Puisand calls, Becauge each put and call has two sides, a long and a short,

four basic Option positions are possible”: one can be long or short a put
ora call. From those basic positions, together with long and short post-
tions in forwargg and underlying fidgets, a limitless number of other posi-
lions can be constructed*

—

Ao .
Clailed analysjs i scheduled to be published in Marshall and Wynne, “Synthesizing

As wi[ﬁ:m[emad? Solutions with Swaps,” Global F inance J.ournal: _ - evaluat.
. 1 Preceding synthetic asset example, the oil-producing nation should consider, Inev
8 the all-in cosy of the structure, the possible costs of early termination. In the prior exam-
Ple, we noreq that a bid-asked spread would be at issue in an early termination of the cur-
Tency swap, Here, each swap would have its own bid-asked spread, so a total of four spread
:DiSCusZi(:)s,:S must t?e contemplated. ) lassic authorita-
NS of options ang option pricing can become extremely technical. Two classic au
UVE texts, each of which explores the subject in great technical and theoretical detal'l, are
Hu“, Derivatives' supra, note 3, and Cox and Rubenstein, Options Markets, (i.’renllcre—Hall.
1985) For the senior manager or lawyer seeking more general, less techni?al ('ilscus.swns that
are Neverthelegg quite relevant in exploring issues of direct concern to denvatlveg risk man-
a_gemem, $¢e G-30 Overview and Chew, Leverage, supra, Chapter 1, note | (and introduc-
tion by Robert ¢ Merton).

i
I




78

corresponding losses, 1s

ment in the underlying price.’”!6 it is equally

both economic ang legal—itis Tgr ihe
'sadvantage of buying options. In Pam::d rnuS‘
buyer of ap, Option, upljke a party entering into g swap or forw or ’is not
ium to epte, Into the Option contract. An option buy
€xposed to losses i the prj

the
S,
the underlying fidget. Nevertheles

i fum
an insurance policy, f’f;;slgi}c;?call
the p Ossibility of 5 larger loss.

t of the
the call is jn the money, the paym‘x‘ise the
Premium redyce the holder’g overall gain o, (he option. Like

COst of the Premijum Teduces 4 i

S In the absence of marke
T

s sury to Speculate with
SCrutiny of Senior Manag,

ufey.
Cmeny, shareholders, and others * 14 H. Giddy and Gunter lll)
“Uses ang uses of Currency Optiong 4, d Corporate Finance (Fa
IWS):49\57, F

Ourngl of Applie , ths
ora ¢Onvincing Tebuttal, gep Christopher S. Bourdain, “Fx Option M.ym a
)c-rimlircr Srraregy. 1(5) ¢ 6). On 4 related note, Tufano mentions

April is way to
Well-knowy us Sumer.py, Tation [who} wen; out of his “?)r—
defend one of the Company- financia transacy;,, S0 "We just bought purs to hedge our Once
eign Currency sk, hyt wee i ives® My we”-meaﬂi"g acquainta t
i M the 'd" worg, despite the fac

HOW,
at Senior Managers Must K

. ies may
t imperfections. options strat.eglet; .
Corporate funds while escaping

S are in fac
Supry, Note - RA

ng Deriralirex.‘ Wh




The Building Blocks of Functional Analysis 7

Expiration payoffs; Intrinsic Value

An examination of option payoff profiles at expiration is the beginning of
an understanding of the economics of options. Payoff profiles can be
determined solely from an option’s intrinsic value, which at any time is
simply “the maximum of zero and the value [the option] would have if
exercised immediately.”'#* The intrinsic value of a call is the amount (if
positive) by which the then market value of the fidget exceeds the call’s
strike price. Conversely, the intrinsic value of a put is the amount (if pos-
itive) by which the put’s strike price exceeds the then market value of the
fidget. An option’s expiration payoff is simply its intrinsic value at expi-
ration, as measured from the perspective of the holder; or the long. The
ISSUer, or writer, of an option is referred to as the short.

Figure 3.4 portrays the expiration payoff profiles to the option holder
of both a call and 4 put. In each case, underlying spot fidget prices are indi-
Cated by the horizontal axis. Strike prices are indicated at each point
marked “X_” The point at which each diagonal line crosses above the hor-
1zontal axis i the option buyer’s “breakeven point,” meaning it has earned
back its premiym, Thus, if at the call’s expiration the spot price exceeds the
strike price, the holder will exercise the option. In contrast, if at the put’s
SXpiration the Spotprice is less than the strike price, the holder will exercise
the put, Yet that “the option has moved into-the-money does not necessar-

*| Breakeven . 4 Break-even
point Gain / point
: \ /N
Spot price _ Spot price
‘\r\ L l
Fi
e 344 Long call, Figure 3.46 Long put.

I
Iny \ . ;
fnsic valye jg never negative, because option pricing theory holds that a rational holders will

"9‘ €xercise an option if doing so would cause them to lose money-—that is, if the stnkTd
Price of 4 call (put) exceeds (is less then) the market price of the fidget. The holder cou
More cheaply buy (or profitably sell) the fidget on the open market.
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phone, or from a screen-based quotation system.?’ The same varigbles are
involved in the determination of an option’s price. Yet, option prices also
depend on, and fluctuate with changes in, three additional factors: (3) the
strike price, (4) the time to expiration, and (5) the anticipated volatility of
underlying fidget prices. The strike price (which remains constant
throughout the option’s life) and time to expiration (which decreases over

the option’s life) are determined at the outset of the contract through nego-
tiation,

TIME VALUE

The value of 3 forward contract can be calculated relatively easily and
plotted linearly, because of its dependence on only the first two variables,
$Pot prices and interest rates. Similarly, the intrinsic value, defined as tl?e
Value of the option at expiration, can be plotted straightforwardly, as in
Figures 34and 35, However, the valuation of options prior to explra.tlon
'Samore complicateq matter, because in addition to intrinsic value options
have rime value. Although the mathematics of time value are extraorfh-
Narily Complex, conceptually time value is simply the value that is attpb—
Uté.ib]e to “ncertainty regarding the price of the underlying fidget over time
Prior to expiration, o
An intuitive grasp of the time value of an option is easily Vk"lthln
reach without mathematics. Consider the value of a call option prior to
EXpiration under the following circumstances. Assume the intrinsic value
S 210, becayge the price of the underlying fidget is below the strike
Price—no rationaj person would exercise a call option at a price below the
Sml.(e Price. Nevertheless, a call option with no intrinsic value prior to
SXpiration obviously still has some value, because some time prior to expi-
Tation the fidget prices might rise above the strike price. Similarly, an in-
©Money ca| option has both intrinsic and time value, because no mat-
ter what the intrinsic value at any given moment prior to expiration, fidget
Prices migp, rise even higher prior to expiration. An option holder can
(except i eXtreme market circumstances) always capture the benefits of
any *“Mporary upticks in fidget prices. _ '
© reason such benefits can be captured is that options come in two
forms, Cither American style or European style. “American options can ll)e
EXercised g¢ any time up to the expiration date. European options can only
© EXercised on the expiration date itself.”?' The difference in exercise

¢
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1/94 - 12/94 Data reflects Bolsa Index. No currency hedging
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Fig“r_e 36 Mexican Equity Market Volatility: January to December 1994. (Reprinted with
Permission from Derivatives Risk Management, Warren Gorham & Lamont, Boston, Mass.)

Ward price—the higher the implied volatility the more uncertain they are
about the forward price 23
Figure 3.6 illustrates the risks involved in attempting to predict
V_O‘latilit}'- From J anuary through November 1994, the price of equity secu-
lties in the Mexican equity market tended to fluctuate within a band of
Plus Or minus two percentage points. However, in December 1994 the
€Xican peso was devalued, leading to three separate individual daily

Market moyeg (indicated by the arrows) of greater than 10% (i.e., plus or
Minus 0, 1)

Based on historical analysis through November, a move of this mag.nit.ude
Would be regarded a5 virtually impossible. A more thorough analysis into
the background of the sources of risk [i.e., of volatility] would have
f€vealed that the peso exchange rate was pegged to the U.S. dol?ar. From
this one should €xpect the exchange rate to typically change very little fro;al
day to day but [that] periodically [it] could change by very large amounts.

s tf}e. Mexican equity market example suggests, e.ffort's to .estimat.e
Volau]lty Can be perilous. An “incorrect” choice of the historical time hori-
Onon which future volatility is to be estimated can result in unexpectedly
4rge optiop Price changes, . _
Although the time value of an option can be grasped intuitively with-
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In contrast, the rate of change in the value of an option is dependent
onunderlying fidget prices. Because an option’s time value plot is curved,
its value sensitivity depends on underlying fidget prices. Graphically, the
value of a call option is indicated by the curved line in Figure 3.7. In other
words, the rate of change is not constant; rather, it changes instanta-
neously upon any change in the price of the underlying fidget.* Suffice to
say that the value of 3 deeply out of the money option will change very
slowly—its rate of change approaches zero. By contrast, the value of a
deeply in the money option will change at almost exactly the same rate as
the rate of change in underlying fidget prices—its rate of change
dpproaches 1.0 (or 100%). Finally, the rate of change in the of value of an
option that is at the money (the underlying fidget price equals the strike
Price) is 0.5 (or 50%).

Thus, an option’s value does not change at a constant rate. Rather,
the rate of change depends on several factors, the first of which is whether
the option is oyt of the money, at the money, or in the money. If an option
IS deeply out of (he money and close to expiration, it will usually have
*0me slight valye, A indicated in the region in Figure 3.7 far to the left of
PoInt X, the valye of the option will move to the left along the horizontal
XIS as fidget prices decline. The farther left it moves, the more the option
value curve vy converge toward the base of the shaded region, which is
the line indicating that the option has a zero value. If the option is f2.1r
e"QUgh out of the money, even a large movement in fidget prices is
unlikely to cause the option to move into the money on the expiration date.

trefore, on 5 percentage basis, the change in the price of a deeply out f’f
the money OPtion near expiration will be close to 0% of the change in
Underlying fidget prices.

. € reverse is also true. If an option is close to expiration and defeply
- the money, value should move in direct proportion to fidget prices.
o at Yalu? May not converge toward equality immediately, becau§e prior

EXpiration there is always uncertainty that fidget prices will decline. But
gener.a]]y, in terms of Figure 3.7, the option’s price will converge toward

¢ diagona] line ag fidget prices increase beyond point X. Finally, an

x T —

The C . . s : he-
0 p}lta“on of an instantaneous rate of change of any quantity is calculated using zla mat ;Tf
Matically defined function, also called a derivative. The mathematics of th.e calc;u z;uonFor .
any rae of change (and of changes in the rate of change) involve differential calculus.

oSefuliny, Oduction, see Salin N. Neftci, Mathematics of Financial Derivatives (Academic
Press, 1996,

5
-
;
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also said to have gamma risk. The greater the non-linearity (i.e., [curva-
ture]) the greater the [gamma] risk.”?” The relationship between delta and
gamma is analogous to that between speed-the change in distance over
time and acceleration—the change in speed over time.

_ Regardless of whether there is any change in the value of the under-
lying fidget prices during the life of the option, the time value of the option
will €ventually decay to zero. Graphically, that means that, as expiration
dpproaches, all other things being equal, an option’s price will converge
toward the option’s intrinsic value. Figure 3.8 depicts that result. The
Process by which an option’s price decreases simply as a result of the pas-
Sage of time is referred to ag time decay and given its own Greek letter,
theta. Thus, options also have theta risk.

'Finally, arguably the most distinctive option risk is an option’s
volatility, or vegq risk. “The more variable are the spot price movements
of an asset, the more volatile the asset is said to be.” In other words, the
more. uncertainty there is regarding an asset’s future price, the higher its
VOI‘j‘t_‘ﬁt}’- The volatility of an option is defined as “the risk of an option
p031t1‘0n changing in value as a result of the underlying asset’s volatility.”
V(?lat‘]ity is critical to option pricing because it is the only one of the five
Prlmary. Option pricing variables (i.e., strike price, interest rate, expiration
S:te(;tPrlFe of underlying, and volatility) not determined either thrpugh
detge mlla,ltlon or by ref(?rence to some other market or rate. Volatility is
maticalmed purely by judgment, which is often based on complex mathe-

models. “Viewed in this way, it is clear that the market for an

—

Decay with time

‘>

Bl

Figure 3.8 Time decay. (Reprinted with per-
mission from the C hicago Mercantile Exchange.)
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of options, Unbundled, each option entitles the holder to receive a portion
(which may be zero) of the interest accrued (or assumed to have accrued)
Over an interest period on a notional amount and at a specified rate. The
amount of that portion is calculated as the difference between a specified
strike rate and a floating reference rate. Payments are usually made at the
end of the interest period (i.e., the option’s expiration date), although the
reference rate used to compute the amount, if any, of each payment is the
rate in effect at the start of the interest period.

Acap is a series of call options, each of which entitles the holder to
receive the amount, if any, by which interest accrued on a notronal amount
at the reference rate exceeds interest accrued at the strike rate. In contrast,
2 floor is a serjes of put options, each of which entitles the holder to
receive the amount, if any, by which interest assumed to have accrued at
the strike rate exceeded interest accrued at the reference rate. A collar is
S.imply a combination of a cap and a floor. The “buyer” of a collar is con-
Sidered to be 5 counterparty that has simultaneously purchased (the long
Position) 5 ¢ap and sold (the short) a floor.

Caps, floors, and collars are usually written in relation to specific
loan transactions, A buyer of a cap is usually an end user that has borrowed
Money at 3 ﬂoating rate and wishes to lock in a maximum rate it will pay
on the borrowing. In contrast, a floating rate borrower that believes inter-
et rates are unlikely to decline may agree to sell a floor. If so, it forfeits
' exchange for ap immediate premium at least a portion of any subse-
quent decline iy, floating rates. Finally, a floating rate borrower that wishes
0 cap jtg floating interest rate exposure without paying a premium may
offset the Cost of the cap premium by selling a floor. In that case, the bor-
TOWer hag get both an upper and a lower limit on, and thus to some extent

Xed, its interest rage exposure.

.Unbur.ldling complex structures
MVolving Options

iA func'tional approach is helpful in analyzing the risks of transactions
MVolving ®mbedded options as well as outright options.

gmbedded‘)pﬁon Perhaps the most common embedded option is that found
lganga‘ing;rate home mortgages. Most residen'tial‘ ﬂoating—r?]te ;n(})gﬁai:
in'so prowd‘f that interest rates will be reset periodically to re ! 'ec.tc ar %he
Si me SPecified Underlying rate. However, they al.so con.tam imits

e of any one-period rate change and on the maximum interest rate over
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only obligation was to deliver yen, which would then be converted accord-
ing to a preset spotexchange rate mechanism built into the documentation.
Nevertheless, the options were “general contractual obligations of the
[i]ssuer and...not secured by any options or futures purchased by the
[ilssuer or any form of collateral or security.”

For simplicity, assume that the value of one quarter of a trading unit
several weeks prior to the transaction’s closing date was approximately ¥
5000, or $150 at then spot foreign exchange rates. To facilitate the closing,
that value, though it was several weeks old, was set in the offering docu-
Mentation as the strike price for both the puts and the calls. The parties’ inten-
tion was to adjust the put and call premiums on the closing date to reflect any
changes in the value of the Nikkei 225 Index between the date at which the
strike price wag set and the actual closing date. Assume that by the closing
date, the value of the Nikkei had fallen slightly—it had moved just to the left
of point X—s0 that one quarter trading unit was worth approximately ¥ 4985.
In contragt, assume that on the issuance date, the value of the Japanese yen
had risen against the value of the dollar. Thus, the put premium at issuance
as $6.50, and the cal] premium $9.25, with the aggregate premium received

Y the issuer net of transaction fees and costs exceeding $15 million.

This transaction structure, commonly called a short straddle, is used
by an issuer when, in the words of the Chicago Mercantile Exchange
(CME), “you [the issuer] expect [that the] market is stagnating. Because
you gre short options, you reap profits as they decay—as long as market
T®mains peqy X
. The CME also includes the following caution to the option writer:

Loss characteristics: Loss potential open-ended in either direction.

—

Issuer's short Bsueﬂs;hon
+ put position X call position

N4

f

Figure 3.9  Short straddle.

Loss
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risk was “open-ended in either direction”—that is, whether the value of
the index increased or decreased. The management of price risk requires
dynamic hedging. 1t is essential that the issuer monitor the delta, gamma,
theta, and vega risks discussed earlier. It is useful to examine briefly the
likely consequences of each risk from the issuer’s perspective in light of a
large market drop, such as occurred repeatedly in the late 1980s. Such an
event would cause the value of the Nikkei to plummet, moving rapidly to
the left along the horizontal axis of Figure 3.9.

First, delta (or absolute value) risk increases dramatically as the
index’s value moves left, and the amount by which the put grows more
deeply out of the money to the issuer increases rapidly. Graphically, the
Put price curve would begin to approach the straight, intrinsic value line,
but at an ever Jower point along that line. Gamma risk, or the acceleration
of delta or absolute price risk, is likely to decline rapidly as price risk
approaches the solid line. That, however, cannot be adequate to counter-
act the effects of the delta risk. The effects of theta risk, or time decay,
Would depend entirely on when the market move occurs, whether near
€Xpiration or substantially prior to it.

Finally, a dramatic increase in volatility, or vega risk, might cause
the cal Option to acquire a value to the holder even though it was quite far
Out of the money, Byt the greater risk to the issuer was likely with respect
{0 the puts, Increasing volatility would have caused the entire option value
curve to shift downward, increasing the degree to which the options were
out of the money to the issuer.

EFFECTS OF OPTION
gHARACTERISTICS ON PLAIN
ANILLA TRANSACTIONS

Options are truly risky to the holder of the “short” position.* The ability
of 3 derivativeg dealer to offer optionlike features to counterparties usu-
ally implieg that the dealer is offsetting the option risk by assuming some-
Where else iy, its portfolio a corresponding long position. To cover the
COSts of thay offset, the dealer must change its option buyer a premium.

T « »” )
When OPtions are yged to speculate, they can also be risky to the holder of th.e long.. The r‘ija??:he
N lba( the holder of the long position stands to lose the entire value of its premium pai
OPtion expires out of the money.
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bination of forwards and risk-free securities.”*! However, “dynamic-
hedging” is a demanding mathematical task that summons into play the
Greek letter risks Just discussed. It also implies greater risks than manag-
ing forward, or linear exposures. It necessarily demands sophisticated
computer facilities and skilled mathematicians. Nevertheless, the impor-
tant point for present purposes is that the use of forwards (and risk-fre;e
assets) to create options, and vice versa, is possible because of a basic
mathematica] relationship formally called “put-call parity.”
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