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W ^ ^ rices formed in competitive financial markets—both debt and 
K M equity markets as well as derivative markets—reflect market 

m ^ ^ assessments of future events. One well-known example of a 
K measure of market expectation is the implied volatility of op-

- J L . tions.1 A phenomenon known as the volatility smile, a further 
manifestation of expectations to be discussed shortly, occurs in most options 
markets. A related but less intensively studied phenomenon that will be in-
vestigated here, implied skewness, likewise reflects market expectations. Un-
like volatility, which pertains to the expected variability of asset prices, 
skewness gauges the direct ion and magni tude of their expected move-
ments—a subject of daily interest in financial markets. 

This article focuses on shifts in market outlook on the direction of interest 
rate movements since 1988 as well as market reaction to specific events in-
fluencing interest rate changes in the short run—namely, Federal Reserve 
monetary policy and its periodic Federal Open Market Committee (FOMC) 
meetings. The discussion examines the Eurodollar futures options traded at 
the Chicago Mercantile Exchange, the largest interest rate options market, 
which offers the best gauge of market interest rate expectations, and explains 
how to infer the implied skewness of interest rates from these options. 

Like simple discount or coupon-bearing bonds, options have definite ma-
turity dates, but unlike bonds their future payoff or cash flow is contingent 
on the value of an underlying price (used generically to mean the price of a 
financial asset, exchange rate, or index value). A critical determinant of an 
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option's value is the expected variability or volatility 
of the underlying price, which can be inferred f rom 
option prices, because it is this element that in part de-
termines the probability of the option having value at 
future dates.2 Even though volatility itself is not di-
rect ly obse rvab le , op t ions t raders typica l ly assess 
prices in terms of their views of volatility because they 
can readily intuit volatility and its movements. Stan-
dard models make restrictive, simplifying assumptions 
about volatility. Traders price options by forming judg-
ments about volatility, which are not bound by the limi-
tations of formal models , and then translating those 
views into prices using a model. That process can be 
reversed to uncover the market 's average expectation 
of volatility over some horizon (see Linda Canina and 
Stephen Figlewski 1993). This is the point of departure 
for this article. 

Just as options can be used to infer volatility, they 
can be used to infer skewness. The accuracy of inter-
est rate option pricing models may be improved if they 
incorporate information about systematic shifts in in-
terest rate skewness. Better ability to price options is 
important not only to those who trade options but also 
to risk managers who use options to hedge interest rate 
exposures. 

The skewness of the underlying interest rate distri-
bution affects the pricing of puts relative to calls and is 
related to the volatility smile. Eurodollar futures puts 
protect against rising interest rates and the correspond-
ing calls against falling rates. (See Box 1 on page 26 
for further discussion.) Skewness in the distribution 
of an interest rate implies a greater l ikel ihood that 
over some future interval a rate will rise rather than fall, 
or vice versa. Zero skewness—a symmetric distribu-
t ion—would result in an equal probability of rate in-
creases or decreases. A measurement of skewness does 
not provide a particular prediction about the direction 
and magnitude of change in an interest rate but rather is 
part of the statistical description of how rates fluctu-
ate.3 Intuitively, the more skewed a distribution is in 
one direction, the farther its mean, the average of all 
observat ions , lies f rom its median , the f i f t ie th per-
centile observation, because of the influence of outly-
ing observations in the skewed tail of the distribution. 

The method for assessing skewness is elaborated in 
the sections below. The first part of this investigation 
examines the behavior of the skewness measure com-
puted daily throughout the sample to check for any reg-
ularities in its movements over time. The second part 
considers changes in skewness coinciding with Federal 
Reserve policy actions, in particular with changes in 
the federal funds target. 

There is no firm theoretical reason to expect shifts 
in skewness at the time of individual federal funds tar-
get changes.4 The very loose hypothesis offered here is 
that each action the Fed takes signals its intention and 
resolve to the financial markets. Target changes take 
place incrementally, with much speculation in financial 
markets about how many more act ions will follow. 
Many observers believe that the Fed won much credi-
bility with the markets by virtue of its inflation-fighting 
efforts in the early 1980s and the resulting subdued 
levels of inflation that have prevailed. The unexpected-
ly sharp round of tightening actions that started in 1994 
were accompanied by much discussion of credibility in 
the financial press. Current policy moves can also con-
vey information about the prospects for future moves. 

The hypothesis under consideration is that once a 
target change occurs, in particular one that is not fully 
anticipated, the market reevaluates the likelihood of 
further changes in the same direction and on the basis 
of that information may expect a greater probability of 
future rate moves in one direction rather than the other. 
Even after four previous tightening moves in 1994, the 
50 basis point increase in the federal funds rate on Au-
gust 16, 1994, could still stimulate a reappraisal of the 
Fed's intentions, as demonstrated in this example: "The 
Fed's move triggered the rally in long-term bonds be-
cause it signaled the central bank's determination to 
keep the economy from overheating and keep a lid on 
inflationary pressures" (Thomas T. Vogel, Jr., 1994, 
C I , CI9 ) . If options traders and other investors per-
ceive a change in the Fed 's policy stance—or simply 
less uncertainty about its goals—their assessment of 
the underlying interest rate skewness may also be in-
fluenced. In this case, a greater chance of further ag-
gressive tightenings could increase skewness. 

The basic conclusion of this article is that a marked 
shift in market outlook on interest rate movements oc-
curred in late 1992, a shift that has not previously been 
measured or documented. The low short-term interest 
rates that prevailed at that time coincided with a sharp 
increase in the implicit skewness of the interest rate 
distribution. The measured skewness indicates that the 
likelihood of rising interest rates was much greater than 
of falling interest rates. The analysis finds that during 
1993 and 1994, skewness was manifested by a premi-
um in the prices of Eurodollar futures puts, which offer 
protection against rising interest rates, compared with 
those of Eurodollar futures calls. The findings also in-
dicate , though , that the Eurodol la r fu tu res op t ions 
prices are too "noisy" to detect changes in the markets ' 
view of future short-term interest rate movements fol-
lowing F O M C meetings. 
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/Eurodollar Futures and Options 

The analysis in this article focuses on Eurodollar fu-
tures and options tied to movements in th ree-month 
LIBOR, which stands for London Interbank Offered Rate. 
These contracts, which trade at the Chicago Mercantile 
Exchange, are the dominant exchange-traded derivatives 
contracts for hedging short-term interest rate risk. One of 
the reasons for their popularity is that they are instrumen-
tal in hedging risks that arise from taking positions in 
over-the-counter interest rate derivatives contracts such 
as interest rate swaps, caps, and floors. Financial interme-
diaries in the over-the-counter markets, principally com-
mercial and investment banks, turn to the Eurodollar 
contracts to hedge their interest rate exposures. 

Better ability to price options is important 

not only to those who trade options but also 

to risk managers who use options to hedge 

interest rate exposures. 

On the last day of the sample for this study (Septem-
ber 9, 1994), the total number of these contracts out-
standing (the open interest) was 2,780,000, with the 
open interest for the Chicago Board of Trades's Trea-
sury bond futures a distant second at 438,000 contracts. 
The volume of trading in Eurodollar futures on that day 
was almost 500,000 contracts, a scale of trading activi-
ty that dwarfs that in any other futures market. The 
open interest levels for Eurodollar futures calls and 
puts were more than one million contracts for each 
type of op t ion , wi th dai ly v o l u m e s of 22 ,000 and 
40,000 contracts, respectively. These numbers are huge 
compared with other options markets, with the one ex-
ception of the Treasury bond futures options. For the 
purposes of this study, these large trading volumes are 
important because they make it more likely that prices 
represent a market consensus and consequently that 
implied volatility or skewness represents expectations 
rather than market-related factors.5 This issue is dis-
cussed more fully below. 

LIBOR is the rate of interest paid on three-month 
time deposits in the London interbank market. The in-
terest is paid in the form of an add-on yield, calculated 
on a 360-day calendar basis, for a $1 million deposit. 
(The yield is computed for a deposit of a fixed sum of 
money. In contrast, Treasury bills and other discount 
securities accrue interest by price appreciation. Their 
initial value is less than their face value by an amount 
sufficient to yield a particular rate of return.) The mar-
ket for Eurodollar time deposits is a wholesale market 
in which international banks can borrow and lend funds. 
To receive the rate of interest stipulated at the time the 
futures contract was bought, the purchaser of a Eurodol-
lar futures contract in effect is obligated to establish a 
three-month Eurodollar time deposit of $1 million upon 
expiration of the contract. The seller of a Eurodollar fu-
tures contract in effect agrees to pay that rate of interest 
on a $1 million loan. In practice, the Eurodollar futures 
contract is cash-settled, which means that a deposit or 
loan is never made; only the interest payment changes 
hands. Actual set t lement of the $1 mill ion notional 
amount of the contract is unnecessary because of the 
manner in which these futures are used to hedge other 
positions, as discussed below. 

Eurodollar futures contracts mature in a quarterly 
cycle, with contracts maturing two London business 
days be fo re the thi rd Wednesday in March , June , 
September, and December. On any day, Eurodollar fu-
tures are traded for these months out to ten years in the 
f u t u r e , wi th subs tan t ia l open interes t f o r con t rac t 
months running out approximately three years. The 
availability of long-dated Eurodollar contracts has in-
creased year by year as the over-the-counter market 
has g rown, dr iving the need for Eurodol lar fu tures 
hedges. 

The price of the Eurodollar futures contract is actu-
ally an index value constructed as 100 minus the add-
on yield expressed as a percent. The reason for this 
arrangement is that a long position (a purchased con-
tract) gains as the index rises, implying that the add-on 
yield (LIBOR) falls. The index allows the Eurodollar 
futures contract to behave like traditional commodity 
futures contracts for which long positions gain as the 
underlying commodity price rises. Conversely, a short 
position gains as the index falls and LIBOR rises. The 
minimum index movement is called the tick size. That 
amount for the Eurodollar futures contract is 1 basis 
point (one-hundredth of a percentage point). The add-
on yield is computed as a dollar value on a notional $ 1 
million dollar, three-month deposit. The value of a one-
tick change in the index is therefore .0001 x 90/360 x 
$ 1 , 0 0 0 , 0 0 0 - $ 2 5 . 
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Unlike Treasury bill futures or Treasury bond fu-
tures, which are traded on the basis of the prices of 
these Treasury securities, Eurodollar futures and options 
are linked directly to an interest rate. The Chicago Mer-
cantile Exchange determines the final settlement price 
of the Eurodollar contract based on LIBOR prevailing 
in the cash market by the following procedure. On the 
last day of trading for an expiring Eurodollar futures 
contract, the exchange polls sixteen banks active in the 
London Eurodollar market. These banks are randomly 
selected from a group of no less than twenty banks. In 
the final ninety minutes of trading, they are asked for 
three-month LIBOR quotes at a random time during this 
period and again at the close of trading. The Chicago 
Mercantile Exchange specifically asks each bank for "its 
perception of the rate at which three-month Eurodollar 
Time Deposit funds are currently offered by the market 
to prime banks" (Chicago Mercantile Exchange 1994, 
chap. 39, 3). The four highest and four lowest quotes at 
both the random and closing-time polls are eliminated 
and the remaining quotes are averaged together and 
rounded to the nearest basis point to give the LIBOR 
value for determination of the final settlement price. 

Quarterly Eurodollar futures options that expire si-
multaneously with their underlying futures contracts 
are effectively cash-settled. If an option is exercised, a 
Eurodollar futures call writer (seller) becomes short 
one Eurodollar futures contract while the call purchaser 
receives one long Eurodollar futures contract. Euro-
dollar futures calls gain value as the index rises and 
LIBOR falls. Thus, calls can protect against falling in-
terest rates. (Conversely, the holder of a Eurodollar fu-
tures put gets a short position in a Eurodollar futures 
contract. Puts can protect against rising interest rates.) 
At expiration, the Chicago Mercantile Exchange auto-
matically exercises options that are in the money, re-
sulting in an immediate marking to market (that is, 
closing out) of the futures position. The tick size for 
the Eurodollar futures options is also 1 basis point, im-
plying a minimum price change of $25 for an option 
contract. Another important feature of Eurodollar fu -
tures options is that they are American-style options, 
which means that they can be exercised before their ex-
piration date if early exercise is to the advantage of the 
optionholder. 

The futures and options price data in this study con-
sist of daily closing prices for all three-month Eurodol-
lar futures and options contracts traded at the Chicago 
Mercantile Exchange. The sample period covered Jan-
uary 1988 through September 1994, which coincides 
with information on F O M C federal funds rate target 
changes. 

A final point about the data is that there is a close 
relationship between LIBOR and the federal funds rate. 
Federal Reserve open market operations have a direct 
impact in the federal funds market because open mar-
ket purchases and sales of Treasury securities alter the 
availability of banking system reserves. Banks in need 
of reserves can borrow them, usually overnight, in the 
federal funds market, and banks with surplus reserves 
can readily lend them. Fed open market operat ions 
shift the supply of reserves. (See Marvin Goodfr iend 
and William Whelpley 1986 for a detailed description 
of the federa l f u n d s marke t . ) Because longer- te rm 
yields are in part determined as the average of current 
and future expected short-term interest rates, shifts in 
the current federal funds rate or anticipated movements 
in this rate translate into changes in longer-term yields 

If investors perceive a change in the Feds 

policy stance—or simply less uncertainty 

about its goals—their assessment of the 

underlying interest rate skewness may 

also be influenced. 

(see Peter A. Abken 1993). The purchase of fed funds 
is equivalent to an unsecured loan, and thus the fed 
funds rate also includes a component for credit risk. 
Similarly, three-month LIBOR also builds in a credit 
spread reflecting the average credit risk of participants 
in the Eurodollar time deposit market. Differences in 
the terms to maturity of overnight fed funds loans and 
three-month Eurodol la r deposi ts as well as in their 
credit spreads result in a less than perfect correlation 
between the movements in the fed funds rate and three-
month LIBOR. Nevertheless, the two are highly corre-
lated, as seen in Chart 1. 

inferring Skewness from Option Prices 

R e c e n t l y the re h a s b e e n a f o c u s on a s e e m i n g 
anomaly in actual market option prices. The standard 
benchmark fo r the pr ic ing of equi ty opt ions is the 
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Black-Scholes model, which makes a number of strong 
assumptions about equity prices and interest rates (see 
Fischer Black and Myron S. Scholes 1973). As dis-
cussed by Canina and Figlewski (1993), as well as oth-
ers, there is a tendency, particularly since the October 
1987 stock market crash, for implied volatilities to dif-
fer from one strike price to another. This phenomenon 
is the so-called volatility smile. If the Black-Scholes as-
sumptions were true, then volatility would be constant 
across all strike prices for an option of a given maturity. 
The implication of the shifting volatility is that the 
probability distribution of the stock price differs from 
the one assumed in the Black-Scholes model.6 Using 
several forms of the Heath-Jarrow-Morton interest rate 
option pricing model (see David Heath, Robert A. Jar-
row, and Andrew J. Morton 1992), Kaushik I. Amin 
and Morton (1994) have observed a similar phe-
nomenon in Eurodollar futures options. 

In two articles, David S. Bates (1988, 1991) pro-
posed a simple measure of skewness for European op-
tions and American options on futures contracts.7 As 
Bates and many other researchers have observed, trad-
ed options prices can be used to infer the underlying 
probability distribution, which is pivotal for the pricing 
of options. Chart 2, panel A, reproduces the simple 
logic of Bates's skewness measure. The "risk neutral" 

probability density function depicts the likelihood that 
the underlying asset price takes values in certain 
ranges. The area under the density curve is equal to 
unity by definition. As noted above, Eurodollar futures 
and options contracts have a 1 basis point tick size. 
Any index value would therefore be represented by a 
thin, 1 basis point sliver under the curve. The theoreti-
cal probability of observing that price would be the 
area of that sliver. 

Both European and American options have payoffs 
that depend on the underlying index value settling 
above the option strike for calls or below the strike for 
puts. A standard equation of the value of an option 
(Bates 1991; Jarrow and Andrew Rudd 1983) shows 
the relationship between strike price, index value, and 
the probability density. The value of a European call 
option is 

c , = e-E *[Fl+j - KJFl+j > K] x Prob*CF,+T > K). 

The value of the index T periods in the future is denot-
ed by Fl+j. The strike level of the call option is Kc. This 
equation simply says that the value of a call equals the 
expected value of the payoff E * [ F ; + T - KJFi+j> K], if 
the call finishes in the money, times the probability that 
the call ends up in the money at expiration. (The asterisk 

Chart 1 
Federal Funds Rate versus Implied Eurodollar Futures Rate 

Percent 
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Chart 2 
Example of a Symmetric Distribution 

Example of an Asymmetric Distribution 
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next to the mathematical expectation operator, E, and 
the conditional probability, Prob, indicates that the rele-
vant probability density is the risk neutral one, not the 
actual or " t rue" probability density. [See Jarrow and 
Rudd 1983 or John C. Cox and Mark Rubinstein 1985 
for the rationale for risk neutral valuation.]) The call has 
no value at maturity if Ft+j < K(, and thus outcomes in 
this range contribute no value to the call. Finally, the ex-
pected payoff is discounted by £TrT.8 The equation for a 
European put is analogous to the call equation: 

F=e-"E*[Kp-FJFl+T<Kp} x Prob *(Fl+j<Kp). 

The price of a Eurodollar futures contract is approx-
imately the forward price of a three-month L I B O R 
add-on yield payment to be made at the contract's ma-
turity.9 Henceforth, forward and futures prices will be 
used synonymously . The current Eurodol lar futures 
price is equal to the index value expected to prevail at 
the maturity date (if the market were risk neutral). In 
contrast, an equity index price would be expected to 
appreciate over time to compensate for the cost of fi-
nancing a position in the stocks to deliver against a for-
ward position in an equity index contract. A futures 
position, to a first approximation at least, involves no 
"cost of carry" because it costs nothing to initiate and 
margin can be posted in the form of interest-bearing 
Treasury securities. Thus, the current forward price is 
the mean of the risk neutral distribution of index values 
to prevail at the maturity date. 

Bates shows how European options that are sym-
metrically out of the money can give a measure of the 
implicit skewness of the underlying distribution, as is 
readily seen in Chart 2.10 Ou t -o f - t he -money strike 
prices for the index are shown as K for calls and Kp for 
puts, which are equidistant from the forward price, the 
mean, Ft, by an arbitrary x percent. Bates's skewness 
measure is simply 

SK(x) = c(Ft,T,Kc)/p(jFt,r, K ) - 1, (*) 

where Kp = FJ{ 1 + x) <Ft< Ft{\ + x) = K for x>0. For 
x, the call and put strikes are approximately x percent 
out of the money. Ignoring the discount factor, the op-
tion value is the product of the expected payoff if the 
option is in the money and the "tail" probability. For the 
symmetric distribution depicted in Chart 2, panel A, the 
skewness measure is zero. In this case both tails, the 
shaded regions to the left of Kp and to the right of Kc, 
have equal area, and therefore the probability of observ-
ing prices below the put's strike is the same as that of 
observing prices above the call's strike. The expected 

option payoffs are also equal. Thus, the symmetrically 
out-of-the-money call and put prices are the same. 

Panel B shows a positively skewed distribution, that 
is, one for which the chance of observing high prices is 
much greater than of seeing low prices. The expected 
payoff of the call, conditional on the underlying price 
exceeding the strike, is greater than that for the put be-
cause of the upward-skewed tail. Although the area of 
the upper tail of the skewed distribution (shown as the 
shaded area on the right-hand side) is actually smaller 
than that for the lower tail—implying a lower probabili-
ty of the call expiring in the money than the put—this 
lower probability is offset by the higher expected payoff 
for the call compared to the put. After taking the prod-
uct of the expected payoff and conditional probability 
for the call and put, respectively, the net effect is that for 
an upward-skewed distribution an out-of- the-money 
call trades at a premium to a symmetrically out-of-the-
money put. Conversely, a symmetrical ly out-of- the-
money put trades at a premium to the corresponding 
call when the underlying price distribution is skewed 
downward. (In fact, this latter case describes the pric-
ing relationship for Eurodollar calls and puts. LIBOR 
itself has an upward-skewed distribution.) 

As shown by Robert E. Whaley (1986), both Ameri-
can futures puts and calls may be rationally exercised 
early. If an option is sufficiently in the money, the hold-
er is better off exercising the option than keeping it. Ex-
cept for sufficiently deep-out-of-the-money options that 
have no probability of going into the money, American 
options trade at a premium (referred to as an early exer-
cise premium) to otherwise similar European options 
because of the flexibility of being able to exercise them 
before maturity. In the context of the Black (1976) fu-
tures option pricing model, the maximum value that the 
early exercise premium can reach is the present value of 
the interest income that can be earned by exercising ear-
ly rather than holding the option. For example, the val-
ue of a d e e p - i n - t h e - m o n e y E u r o p e a n call is (Ff -
K()e~rT, whereas the corresponding value of an Ameri-
can call is Ft - Kc, which is greater than (Ft - K)e~rj 

since the discount factor is less than one. The difference 
between the exercisable proceeds and the European call 
value is simply the interest that can be earned on the pro-
ceeds if that sum is invested at rate r over the remain-
ing life T of the option. An analogous argument applies 
to puts, except that the exercisable proceeds are Kp - Fr 

In general, the possibility of early exercise and the 
premium associated with it obscure inferences about the 
underlying distribution because the early exercise deci-
sion is sensitive to the cash flows of the underlying as-
set. However, futures contracts are assumed to have a 
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zero cost of carry and hence no cash flows so that the 
decision to exercise early depends only on the distribu-
tion of the asset price. For a symmetric distribution, the 
early exercise premiums for puts and calls would be 
equal and would have no impact on the skewness mea-
sure. For an asymmetric distribution, differences in early 
exercise premiums between put and call are only a func-
tion of the asymmetry, and therefore the skewness mea-
sure remains valid using American futures options prices. 

The Historical Behavior of Volatility 

Chart 3, panels A and B, illustrates the volatility 
smile in Eurodollar futures puts and calls for May 17, 

1994. This smile is typical of those in the sample. Op-
tion volatility is plotted against its "moneyness , " to 
which it is clearly sensitive. The degree of moneyness 
for the calculations was determined relative to the im-
plied Eurodollar rate (100 - index) rather than relative 
to the index. The strike prices of Eurodollar futures op-
tions are listed by index value, not implied Eurodollar 
rate. If a constant degree of moneyness is defined in 
terms of the index, the degree of moneyness will fluc-
tuate in terms of the implied Eurodollar rate as the lev-
el of LIBOR varies. The converse is of course also 
true; f ixing moneyness in terms of the implied Eu-
rodollar rate results in variations in moneyness in terms 
of the index. (It turns out that the results are qualita-
tively similar using either approach.) Moneyness is de-
fined for a Eurodollar futures call (which is a put on 

Annualized Volatility 
Percent 

25 

Chart 3 
Volatility Smile for Eurodollar Futures Puts 

(May 17, 1994) 

A 
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Moneyness: Implied Eurodollar Rate-Strike 

Percentage Points 

Volatility Smile for Eurodollar Futures Cal ls 
(,May 17, 1994) 
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the Eurodollar rate) by the difference between the op-
tion's strike (expressed as a Eurodollar rate rather than 
as an index) and the current implied Eurodollar rate 
and for a Eurodollar futures put (a call on the rate) by 
the difference between the implied Eurodollar rate and 
the option's strike. 

Volatility is also known to be sensitive to an option's 
maturity. The options plotted had maturities that ranged 
f r o m 90 to 270 days . O n c e the 90-day bound was 
reached, puts and cal ls were rolled fo rward to the 
longest available maturity under 270 days. This some-
what arbitrary choice was governed by two considera-
tions related to the need to form daily t ime series of 
volatility and skewness with few missing observations. 
First, fewer out-of-the-money options tend to be avail-
able for shorter maturit ies. These out -of- the-money 
positions tend to be infrequently traded. Second, longer-
term options are generally less liquid, particularly in the 
earlier years in the sample, when in fact many long-
dated maturities were not even traded. The option valu-
ation model for extracting implied volatilities, described 
next, also made it desirable to avoid longer-term op-
tions (although this limitation does not affect the skew-
ness measure, which is model independent). 

Implied volatilities were computed using the model 
for futures options of Black (1976) with the Barone-
Adesi/Whaley approximation for early exercise value 
(see Giovanni Barone-Adesi and Whaley 1987)." The 
model has the virtue of being easy to use but makes the 
assumption that the discount factor is constant over 
time, an awkward supposition given that the raison 
d 'ê t re of Eurodollar futures options is, of course, to 
hedge uncertain short-term interest rates. More realisti-
cally, the discount factor would depend on the expected 
path of the overnight rate over the life of the option. In 
other words, the discount factor would be stochastic, 
not deterministic. In practice, many users of Eurodollar 
futures options employ Black's model, and one can ar-
gue that it is not a bad approximation for options hav-
ing less than one year to maturity. (For such options, 
the option price is much more sensitive to changes in 
its expected payoff than to changes in the discount fac-
tor. See notes 9 and 12 for additional information.) The 
early exercise premium was valued using the Barone-
Adesi /Whaley (1987) algorithm in conjunct ion with 
Black's model. 

In B lack ' s mode l appl ied to Eurodol la r fu tu res , 
volatility is technically the annualized value of the in-
s tantaneous standard deviation of the propor t ionate 
change in the forward rate (100 - index). The forward 
rate or implied Eurodollar rate rather than the index en-
ters Black's formula when computing an option price. 

The key application of this model is in translating op-
tion prices into volatilities. Different option pricing 
models will generate qualitatively similar plots of the 
time series of volatility.12 

T h e t ime-ser ies behav ior of his torical volat i l i ty 
clearly implies that skewness in the distr ibution of 
LIBOR is important. Chart 4, panel A, depicts the full-
sample history of volatility for out-of-the-money Eu-
rodollar calls and puts. The options were out of the 
money by 10 percent of forward LIBOR, the implied 
Eurodollar futures rate. Since strikes are not quoted at 
exactly 10 percent out of the money except by pure co-
incidence, an interpolation technique, cubic splining, 
was used to estimate the call and put option prices that 
were exactly 10 percent out of the money.13 Implied 
volatilities were computed from the interpolated prices. 
Call and put volatility appear to be very close until ear-
ly 1993, when put volatility rose above call volatility. 
The spike in both call and put volatility in September 
1992 corresponds to the breakdown of the European 
Exchange Rate Mechanism, which had held major Eu-
ropean currencies in c lose a l ignment until mass ive 
speculative attacks forced central banks to abandon 
their exchange rate targets (see Morris Goldstein and 
others 1993). Thereafter put and call volatility diverge, 
although it is not clear whether the exchange rate crisis 
had a causal impact on the split in volatilities. As seen 
in Chart 5, implied Eurodollar rates rose only slightly 
during this crisis. 

Panel B of Chart 4 shows the daily deviation of out-
of-the-money put volatility from out-of-the-money call 
volatility for the full sample. Daily out-of-the-money 
put volatility exceeded out-of-the-money call volatility 
by an average 15.1 percent during 1993 and 1994, with 
a standard deviation of 7.1 percent. In the earlier part 
of the sample, the deviation was a mere 0.33 percent, 
statistically insignificantly different from zero. There is 
obv ious ly cons ide rab l e var ia t ion in the c o m p u t e d 
volatility deviations. Particularly in 1993 and 1994, 
this difference constitutes evidence of skewness: the 
options indicate that during this period the chance of 
observing large upward movement away from the for-
ward rate was much greater than the chance of down-
ward movement. 

The analysis of skewness could be conducted using 
the vola t i l i ty measu re s ; howeve r , as noted above , 
Bates 's skewness measure is model independent and 
therefore introduces fewer sources of error in the anal-
ysis. Another point to note is that, in principle, the 
volatility of in-the-money puts and calls could reveal 
information about skewness, but in-the-money options 
tend to be too thinly traded to be used in the analysis. 
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Chart 4 
Eurodollar Futures Call and Put Volatility 
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Chart 5 
Implied Skewness of Eurodollar Futures Options 
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The skewness measure for the Eurodollar futures op-
tions was computed daily for the entire sample. This 
measure, given by equation (*) above, simply consists of 
the ratio of call to put prices that are symmetrically out 
of the money. Both options mature on the same date. 

Chart 5 shows the skewness measure for 10 percent 
out-of-the-money options. The most striking feature of 
this plot is the shift in the level of skewness at the end 
of 1992. The average daily skewness from January 
1988 through December 1992 is -0.089 (with standard 
deviation 0.103). This measure contrasts with the 
volatility plots of Chart 3, in which call and put volatil-
ity are very close. However, as noted above, the Black 
model introduces two important sources of error into 
the assessment of skewness: the assumed constancy of 
the discount factor and the approximation of the early 
exercise premium. 

From January 1993 to September 1994, the daily 
average skewness increased markedly. The average for 
this period was -0.344 (with standard deviation 0.110). 
Note that a greater negative value corresponds to 
greater skewness. This change reflects an increase in 
the price of puts (protection against upward moves in 

LIBOR) relative to calls. It is striking that the volatility 
of skewness was almost unchanged across these two 
periods. This is a clear-cut, statistically significant shift 
in the skewness of the distribution of LIBOR—as per-
ceived by option market participants. 

The jaggedness of this measure indicates a great 
deal of noise in the data. Some sources of noise include 
errors introduced through the interpolation process in 
constructing the skewness measure, inaccuracies in the 
determination of settlement prices for puts, calls, and 
futures prices, and supply and demand pressures on 
prices stemming from short-term imbalances in order 
flow in the Eurodollar futures and options pits. The 
theory for inferring the characteristics of the distribu-
tion of LIBOR or other prices from options assumes 
the existence of perfect, frictionless markets. However, 
even the large Eurodollar futures and options markets 
can have prices temporarily distorted by large buy or-
ders (which drive prices up) or sell orders (driving 
prices down) as other market participants take the other 
side of the trades. 

It is instructive to repeat the calculations for Chart 5 
for at-the-money puts and calls. For European options, 
a standard option pricing relationship known as put-
call parity can be used to show that futures put and call 
options with strike prices equal to the forward rate 
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Chart 6 
Implied Skewness of Eurodollar Futures Options 
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have equal value. This result does not depend on the 
underlying distribution governing LIBOR (or any rate, 
price, or index). Systematic deviations from this pre-
diction could indicate distortions in the price formation 
process, which perhaps also could result in systematic 
errors in the measurement of skewness for out-of-the-
money options. 

Chart 6 reveals that, apart from noise, the put-call 
parity prediction is correct, even though Eurodollar fu-
tures options are American and the parity relationship 
holds only in a weaker form (as an inequality relation-
ship; see Jarrow and Rudd 1983). (In fact, European and 
American Eurodollar futures options prices usually dif-
fer by only a very small amount.) The average daily 
skewness in the sample for at-the-money Eurodollar fu-
tures options is 0 .00024 (with standard deviation 
0.0070). The average is insignificantly different from 
zero. (Note that the values on the skewness axis are an 
order of magnitude smaller for this chart than for the pre-
vious one for out-of-the-money options). As Bates found 
in his work on equity options, the skewness measure is 
roughly linearly related to the degree of moneyness. 
Thus, 5 percent out-of-the-money options have a time se-
ries plot (not shown here) that has about the same shape 
as that for 10 percent out-of-the-money options, but the 
skewness values are half the size in absolute value. 

The average -0 .09 skewness corresponds to a pre-
mium on puts, a price 10 percent higher compared with 
the price of calls. This degree of skewness matches 
closely the skewness of the lognormal distribution, 
which has wide application in option pricing. The fa-
mous Black-Scholes option pricing model as well as its 
modification for futures options (the Black model) 
assume lognormally distributed prices. Bates (1988) 
proves an "x percent" rule for options on assets whose 
prices are lognormally distributed. For these prices, op-
tions that are x percent out-of-the-money will exhibit a 
premium of calls over puts of x percent. For Eurodollar 
futures options, it is puts that trade at a premium, and 
the skewness measure is negative. The reason is that it 
is the implied Eurodollar rate that is assumed to be log-
normally distributed and thus skewed upward toward 
higher rates, not its Chicago Mercantile Exchange in-
dex, which is skewed downward. In 1993 and 1994, 
however, the distribution of LIBOR implicit in the 
options became considerably more skewed, well in 
excess of the degree of skewness for a lognormal dis-
tribution. 

The increase in skewness corresponds, roughly, to 
the low level of LIBOR and other short-term interest 
rates that prevailed in 1993 and 1994. The implied Eu-
rodollar rate is shown superimposed on the skewness 
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graph in Char t 5. It wou ld seem intui t ive that the 
greater likelihood of upward movements in rates would 
coincide with historically low short-term rates. The 
market might expect that rates would " rever t" to a 
higher long-run level. Many term structure and interest 
rate option pricing models build in the assumption of 
mean reversion (see Abken 1993). However, more than 
simple mean reversion needs to be at work to explain a 
shift in skewness because mean reversion can occur for 
a s ta t ionary dis t r ibut ion, that is, one with constant 
skewness (and other constant unconditional moments 
like mean and variance). A regime change—a shift in 
Federal Reserve policy that is external or exogenous to 
current interest rate movements—would be needed to 
account for a change in the statistical distribution of 
short-term interest rates.14 The j u m p in skewness in 
1992 followed immediately after the 25 basis point re-
duction in the fed funds target in September 1992, the 
last easing action taken by the FOMC. Also, as noted 

in the previous section, it followed the breakdown of 
the European Exchange Rate Mechanism. 

However , even if there are distinct regime shif ts 
that result in a so-called nonstationarity distribution, 
one would expect this sort of relation to be symmetric 
for high interest rates as well as low rates. The skew-
ness measure should turn posi t ive or less negat ive 
when rates are cyclically high, as in late 1988 and ear-
ly 1989. However, the skewness measure is flat during 
this period. There does not seem to be a satisfactory 
explanation of the time-series behavior of the implied 
skewness of the Eurodollar futures options. 

As noted above, the standard statistical measure of 
skewness will differ between the risk neutral and actual 
probability distributions. The standard measure can be 
computed from a time series of historical three-month 
LIBOR. The resulting measure of skewness pertains to 
the actual probabil i ty distr ibution. This measure of 
skewness is very sensitive to the sample period select-

Table 1 
Federal Reserve Policy Easings of the Federal Funds Rate Target 

Date of Change Prediction Date Prediction Actual Surprise Target Change 

06/06/89 06/02/89 9.70 9.50 -0.20 -0.25 
07/07/89 06/30/89 9.50 9.25 -0.25 -0.25 
07/27/89 07/21/89 9.25 9.00 -0.25 -0.25 
10/16/89 10/1 3/89 8.87 8.75 -0.12 -0.25 
11/06/89 11/03/89 8.87 8.50 -0.37 -0.25 
12/20/89 12/15/89 8.38 8.25 -0.13 -0.25 
07/13/90 07/13/90 8.00 8.00 0.00 -0.25 
10/29/90 10/26/90 7.88 7.75 -0.13 -0.25 
11/14/90 11/09/90 7.75 7.50 -0.25 -0.25 
12/07/90 12/07/90 7.25 7.25 0.00 -0.25 
12/19/90 1 2/14/90 7.25 7.00 -0.25 -0.25 
01/09/91 01/04/91 7.00 6.75 -0.25 -0.25 
02/01/91 02/01/91 6.25 6.25 0.00 -0.50 
03/08/91 03/08/91 6.25 6.00 -0.25 -0.25 
04/30/91 04/26/91 6.00 5.75 -0.25 -0.25 
08/06/91 08/02/91 5.75 5.50 -0.25 -0.25 
09/13/91 09/1 3/91 5.25 5.25 0.00 -0.25 
10/31/91 10/25/91 5.25 5.00 -0.25 -0.25 
11/06/91 11/01/91 5.00 4.75 -0.25 -0.25 
12/06/91 12/06/91 4.50 4.50 0.00 -0.25 
12/20/91 12/20/91 4.00 4.00 0.00 -0.50 
04/09/92 04/03/92 4.00 3.75 -0.25 -0.25 
07/02/92 06/26/92 3.75 3.25 -0.50 -0.50 
09/04/92 09/04/92 3.00 3.00 0.00 -0.25 

Source: Federal Reserve Board of Governors. Rates are expressed in percent. Predictions are from the Money Market Services survey of 
economists. 
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ed and to the computed mean of LIBOR during that pe-
riod because skewness is measured in terms of devia-
tions of observations from the sample mean. (See note 
10 for the formula for skewness.) To avoid the second 
of these problems, the daily change in LIBOR can be 
used because the mean daily change is close to zero. 
From January 1988 to December 1992 the computed 
skewness is significantly negative at better than the 1 
percent significance level. In the remaining sample, it 
is significantly positive. (The same results obtain for 
computations done in the levels.) Therefore, concern-
ing a shift in skewness, there is agreement between 
Bates's skewness measure, which is a forward-looking, 
options-based measure of the risk neutral distribution, 
and the standard calculation of skewness, which is a 
backward- looking measure of the actual probabili ty 
distribution. 

However, it is surprising that for the period f rom 
January 1988 to December 1992 the standard statistical 
computat ion of skewness results in a negative value 
while Bates's measure, in terms of the implied LIBOR, 
finds a positive value. These are very different mea-

sures, but one would expect that they agree in sign. 
Amin and Morton (1994) argue that Eurodollar futures 
puts were overvalued and that, in fact, this overvalua-
tion could have been exploited to generate trading prof-
its, even after accounting for transactions costs. They 
conducted trading-rule tests to demonstrate this possi-
bility. Their sample of prices ran from January 1, 1987, 
to November 10, 1992. It is possible that this overvalua-
tion could explain the difference between the skewness 
measures. Nevertheless, it would stretch credulity to be-
lieve that the increase in implied skewness in 1993 and 
1994 resulted from increased mispricing of the puts in 
one of the most active, liquid financial markets in the 
world. (Amin and Morton's article was also in the pub-
lic domain at this time, so the purported overvaluation 
was presumably common knowledge.) In any case, the 
sample skewness of LIBOR reversed in this period, tak-
ing the same sign as implied skewness. 

The fol lowing analysis examines the behavior of 
skewness around changes in the federal funds targets. 
Tables 1 and 2 show the history of Federal Reserve 
target changes to the fed funds rate from March 1988 

Table 2 
Federal Reserve Policy Tightenings of the Federal Funds Rate Target 

Date of Change Prediction Date Prediction Actual Surprise Target Change 

03/01/88 02/26/88 6.63 6.50 -0.13 0.13 
03/30/88 03/25/88 6.63 6.75 0.12 0.25 
05/09/88 05/06/88 6.87 7.00 0.13 0.25 
05/25/88 05/20/88 7.13 7.25 0.12 0.25 
06/22/88 06/1 7/88 7.38 7.50 0.12 0.25 
07/19/88 07/1 5/88 7.63 7.69 0.06 0.19 
08/09/88 08/05/88 7.85 8.13 0.28 0.44 
10/20/88 10/14/88 8.13 8.25 0.12 0.12 
11/17/88 11/11/88 8.31 8.32 0.01 0.07 
11/22/88 11/18/88 8.31 8.38 0.07 0.06 
12/15/88 1 2/09/88 8.55 8.69 0.14 0.31 
12/29/88 12/23/88 8.88 8.75 -0.13 0.06 
01/05/89 12/30/88 8.88 9.00 0.12 0.25 
02/09/89 02/03/89 9.14 9.06 -0.08 0.06 
02/14/89 02/10/89 9.25 9.31 0.06 0.25 
02/23/89 02/1 7/89 9.37 9.75 0.38 0.44 
02/04/94 02/04/94 3.25 3.25 0.00 0.25 
03/22/94 03/18/94 3.50 3.50 0.00 0.25 
04/18/94 04/1 5/94 3.50 3.75 0.25 0.25 
05/1 7/94 05/13/94 4.00 4.25 0.25 0.50 
08/16/94 08/12/94 4.50 4.75 0.25 0.50 

Source:Federal Reserve Board of Governors. Rates are expressed in percent. Predictions are from the Money Market Services survey of 
economists. 
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Table 3 
W i l c o x o n Signed-Rank Test of Shift in Skewness 

All Sample F O M C Dates 

Policy Easings 

Before 
Policy Move 

After 
Policy Move 

Number of observations 
Mean skewness 
Standard deviation 

48 
-0.090 

0.017 

48 
-0.052 

0.020 

Number of Pairs 
Signed-Rank Test 
Critical Value 

24 
112 

92* 

Policy Tightenings 

Before 
Policy Move 

After 
Policy Move 

Number of observations 
Mean skewness 
Standard deviation 

42 
-0.160 

0.021 

42 
-0.146 

0.020 

Number of Pairs 
Signed-Rank Test 
Critical Value 

21 
106 

68* 

Note: An (*) denotes 10 percent significance level. The event window spans 
two days before the policy move and two days after it. The day of the 
move is excluded. The number of observations is the total number of 
days included in all event windows; the number of before and after 
pairs is the total number of policy moves considered. The Wilcoxon 
signed-rank test critical value is the value at or below which a shift in 
location is significant at the indicated level. 

through August 1994. There were a total of forty-five 
policy moves : twenty- four eas ings and twenty-one 
tightenings. Most of these occurred in 25 basis point 
increments , with a f ew 50 basis point changes and 
some of 12.5 basis points (1/8 point) or smaller. In ad-
dition, the table shows the results of a Money Market 
Services survey of economists taken a couple of days 
before the policy moves. Most of the easing moves had 
an element of surprise, as the economists on average 
underpredicted the magnitude of the changes. The re-
sults reported below are stratified into "All F O M C 
Sample Dates" and "Dates of Policy 'Surprises' Only." 
If the Money Market Services survey reflects general 
market expectations, Eurodollar futures prices would 
be more likely to jump in reaction to a surprise, in the 

24 Economic Review 

direction of the target change. Skewness may also be 
more likely to change if a policy action is unanticipat-
ed because marke t par t ic ipants may reassess their 
views about the distribution of LIBOR. 

The behavior of skewness is examined around the 
time of F O M C policy actions using a standard "event 
study" approach. The Wilcoxon signed-rank test, ex-
plained in Box 2 (page 27), is used to test for a shift in 
s k e w n e s s b e f o r e and a f t e r the da te on wh ich the 
F O M C changes its federal funds rate target.15 Many 
factors bes ides F O M C act ions in f luence measured 
skewness; they are unspecified and simply viewed as 
"noise" in the data. To reduce some of the noise in the 
sample skewness values, an average is taken of daily 
values over a window of a fixed number of days before 
and after the target-change date. In the tests reported 
below, that window is two days before and two days 
after a target-change date. The results turn out not to be 
extremely sensitive to the number of days in the win-
dow; however, increasing the number of days in the 
average tends to reduce the difference between the be-
fore-and-after period. The wider the window, the more 
likely other events and news besides F O M C actions 
are to affect skewness. (Another consideration is that 
increasing the number of days makes it more likely 
that a rollover into a new contract will occur in the 
window, which affects skewness and volatility because 
both of these moments vary with time to maturity.) 

Tables 3 and 4 give the analysis of the skewness 
measure ' s movements at the times of federal funds 
target changes. In light of the volatility of the skew-
ness measure in Chart 5, it is not altogether surprising 
that it is not possible to detect a statistically significant 
shift in skewness be fore and af ter target changes. 1 6 

The point estimate for skewness in the two-day win-
dow before a target change and that in a two-day win-
d o w a f t e r the c h a n g e d e c r e a s e f o r e a s i n g s on all 
F O M C dates (from - 0 . 0 9 to -0 .05) , but the difference 
is statistically insignificant. Furthermore, those dates 
categorized as surprises to the market show virtually 
no change in point estimates, and the standard devia-
t ions of the es t imates are even h igher than fo r all 
dates. The results for policy tightening dates are like-
wise insignificant. 

Another piece of evidence that the market reactions 
to individual F O M C action is very moderate comes 
f rom examination of the level of the Eurodollar fu -
tures price. T h e average reaction of these prices to 
F O M C moves indicates that policy moves raising or 
lowering the federal funds target have only a slight 
impact on forward Eurodollar rates. The market may 
reassess the likelihood of future policy moves in the 
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same direction, but the change in expectation is small. 
Using the same event window as in the measurement 
of volatility, an average reaction of the Eurodollar fu-
tures rate to target changes was computed. On aver-
age, the shortest maturity contract rate dropped about 
0.5 percent following easings and jumped about 0.2 
percent following tightenings. This shift is slight and 
amounts to only about a 1 to 2 basis point change for a 
Eurodollar rate of 4 percent. Note that in this study the 
shortest-maturity contract had at least ninety days to 
maturity, implying that the reaction is to the likelihood 
of future policy moves. 

Conclusion 

Investors and analysts frequently attempt to use fi-
nancial market prices to divine market expectations. 
This kind of exercise is difficult because of the myriad 
influences on financial market prices. This article has 
shown how the skewness of the distribution of a short-
term interest rate, LIBOR, can be inferred from market 
prices. The study discussed Bates 's (1988) skewness 
measure for American futures options and reported a 
daily t ime series of these measures computed f rom 
prices for Eurodollar futures options. Because it is not 
clear what factors influence skewness, the recent be-
havior of the implied skewness is hard to interpret. In-
dividual Federal Reserve policy actions do not have a 
discernible impact on measured skewness. However, 
the markedly increased degree of skewness in three-
month LIBOR, and perhaps in other short-term interest 
rates, since 1992 is striking and potentially important 
for the pricing of options and other interest rate contin-
gent claims. 

Future research should investigate the cause of the 
shift in skewness and also examine skewness in other 
interest rate markets. Another task needing attention is 
to determine the economic significance of this varia-
tion in skewness. Would an option pricing model, such 
as that of Steven L. Heston (1993), in which the degree 
of skewness is estimated from data rather than imposed 
by assumption, outperform standard models? Would 

Table 4 
W i l c o x o n Signed-Rank Test of Shift in Skewness 

Dates of Policy "Surprises" O n l y 

Policy Easings 

Before After 
Policy Move Policy Move 

Number of observations 34 34 
Mean skewness -0.073 -0.071 
Standard deviation 0.021 0.022 

Number of Pairs 17 
Signed-Rank Test 73 
Critical Value 41" 

Policy Tightenings 

Before After 
Policy Move Policy Move 

Number of observations 32 32 
Mean skewness -0.150 -0.146 
Standard deviation 0.024 0.021 

Number of Pairs 16 
Signed-Rank Test 64 
Critical Value 24" 

Note: An (*) denotes 10 percent significance level. The event window spans 
two days before the policy move and two days after it. The day of the 
move is excluded. The number of observations is the total number of 
days included in all event windows; the number of before and after 
pairs is the total number of policy moves considered. The Wilcoxon 
signed-rank test critical value is the value at or below which a shift in 
location is significant at the indicated level. 

traders using such a model profit f rom their use of a 
"be t te r" model at the expense of compet i tors using 
models with a poorer match to the actual distribution? 
How important are these considerations for risk man-
agement and hedging operations? These questions are 
fertile ground for continuing work on the topic of the 
skewness of interest rate distributions. 
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Box 1 
Hedging with Eurodollar Futures and Futures Options 

T w o simple examples illustrate the use of Eurodollar 
futures and options on those futures for hedging an under-
lying exposure. First consider the case of a corporate trea-
surer who wants to hedge a floating-rate bond against a 
rise in LIBOR, the rate to which the bond is indexed. To 
hedge against a rise in three-month LIBOR, a portfol io 
manager would go short an appropriate number of Eu-
rodollar futures contracts. T h e basic hedging mechanism 
is that as LIBOR rises, the short futures position gains, 
offsetting increased interest payments on the floating-rate 
bond. 

Chart A shows the relation between cash flows on the 
unhedged floating-rate bond and the hedged short futures 
and bond position. One futures contract with contract size 
of $1 million would be sold short for each $1 million in 
face value of the debt.1 The 45-degree upward-s lop ing 
line f rom the origin represents the interest payout for one 
floating-rate payment on the bond at a particular date. As-
sume a futures contract expires on that same date (if not, a 
"bas i s r i sk" will exis t because of the mi sma tch in the 
dates for cash flows on the futures and the bond). The un-
hedged bond requires an increase in the interest paid that 
moves one- fo r -one with increases in L I B O R and con-
versely for decreases in LIBOR. Selling a futures contract 
short effectively obligates the treasurer to pay the differ-
ence between the prevailing LIBOR at expiration of the 
futures and the implied LIBOR (that is, 100 - index) at 
the t ime the futures contract was sold.2 For example , a 
contract sold at 95.00 implies LIBOR of 5 percent. The 
short futures sale effectively locks in the implied LIBOR. 
For each basis point that LIBOR falls below 5 percent, 

Chart A 
Interest 

Payment 

the futures contract generates a loss of a basis point, or 
$25, while the interest payment on the bond with $1 mil-
lion face value also drops by $25, an interest saving that 
is exactly offset by the future 's loss. Conversely, as LIBOR 
rises above 5 percent, the futures contract gains a basis 
point and the bond ' s payment increases by the same, off-
setting amount . In other words, the futures contract is a li-
ability when LIBOR is below 5 percent and an asset when 
L I B O R is above 5 percent. Chart A depicts the interest 
payment for the unhedged and floating-rate bond posi-
tions. (The interest payment is expressed in percentage 
points.) Chart A could also illustrate the use of a long Eu-
rodollar fu tures position in conjunction with a floating-
rate bond held as an asset. The combinat ion locks in a 
f ixed interest payment to the bondholder. 

The treasurer could use Eurodollar futures puts as an al-
ternative hedge of the floating-rate bond. These puts hedge 
against increases in LIBOR while retaining the possibility 
of real izing lower interest costs if L I B O R falls . Strike 
prices on the options are available in a range of prices in 25 
basis point increments around the implied LIBOR of the 
futures contract expiring at the same time as the option. 
Assume that the selected strike is a price of 95.00 or 5 
percent . Chart B shows h o w the bor rowing cost var ies 
with L I B O R on the date an interest payment is due. As 
before, the unhedged case has a 45-degree line. 

The option price is quoted in basis points, each valued 
at $25. Thus, if the option costs 8 basis points, the dollar 
cost is $200 for a $1 million face value of bonds being 
hedged. Below the strike level of 5 percent, adding the 
option increases the total borrowing cost by 8 basis points. 

Chart B 

Interest 
Payment 
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This cost is properly viewed as that of insuring against a 
future level of LIBOR above the strike. For LIBOR at 5 
percent and higher, the total borrowing cost levels out at 
5.08 percent. Analogous reasoning applies to the case of a 
Eurodollar futures call that hedges a floating-rate asset. 

Notes 

1. In actual practice, a hedge is "tailed," that is, the number 
of contracts held long or short is reduced to adjust for the 
effect of daily resettlement and interest on futures margin 

accounts (see Duffie 1989, 239-41). Futures require daily 
marking-to-market, which effectively settles and reestab-
lishes the futures position each day. Tailing a futures posi-
tion achieves a better hedge between the futures position 
on which daily gains and losses are realized immediately 
and the underlying position on which those gains and loss-
es are deferred until a future date. 

2. The description in the text is a simplification that treats a 
futures contract as a forward contract. As observed in the 
previous note, futures contracts are marked to market 
daily. 

Box 2 
Testing for a Shift in Skewness 

T h e Wi lcoxon s igned- rank test is a nonparamet r i c 
test; it does not rely on any assumptions about the distri-
bution of the sample statistic. Specifically, no assumption 
is made about how skewness is distributed. The sample 
under consideration consists of twenty-four easings and 
twenty-one tightenings, which are examined separately. 
These const i tu te small samples , and consequen t ly the 
measurement of average skewness is subject to a nontriv-
ial sampling error that is accounted for in evaluating the 
statistical s igni f icance of the before and af te r average 
skewness. 

T o use the s igned- rank test, the d i f f e r e n c e s in the 
measured skewness before and af ter the pol icy-change 
date are computed for each of the twenty-four easing and 
twenty-one tightening dates, which as just noted are test-
ed separately. If there is no shift in skewness, both the 
sign and magni tude of the differences in skewness will 
vary purely because of sampling variat ion—that is, be-
cause of random errors in the measurement of skewness. 
The signed-rank test is based on the intuition that if the 
null hypothesis of equal before-and-after distributions is 
true, half of the skewness differences will be positive and 
half negative in large samples. Furthermore, positive and 
negative differences of the same absolute value in magni-
tude should be equally likely to be observed. 

T h e computa t ion of the W i l c o x o n s igned-rank test 
s tat is t ic is s t r a igh t fo rward . T h e s k e w n e s s d i f f e r e n c e s 
f rom each of the dates of Fed funds target changes are 
ranked by absolute value of the difference f rom smallest 
to largest. (They are ranked 1, 2, 3 , . . . , with ties getting 
an averaged rank.) Then the sum of the rankings for neg-
ative d i f f e r ences and that f o r posi t ive d i f f e r ences are 
computed . The null hypothesis is that the posit ive and 
negative rank sums are equal. T o be conservative, no a 
priori view of h o w skewness changes before and af ter 
target-change dates is made, and consequently a so-called 
two-sided test of the s igned-rank statistic is used. T h e 
smaller of the positive and negative rank sums is com-
pared wi th t abu la ted cr i t ical va lue f o r the W i l c o x o n 
signed-rank test. (See Wil l iam Mendenhal l , Richard L. 
Scheaffer, and Dennis D. Wackerly 1981 for further de-
tails about this lest and for a table of the critical values.) 
If the computed rank sum is less than or equal to the criti-
cal value, the null hypothesis is rejected and a dif ference 
in the mean of the before-and-after distributions is detect-
ed (subject to the usual caveat about statistical type I er-
rors). 
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Notes 

1. Two other familiar examples of the anticipatory nature of 
prices are the dividend discount model of slock prices and 
the expectations theory of the term structure for bond prices 
(or, equivalently, interest rates). The dividend discount mod-
el collapses a future expected, infinite stream of dividend 
payments into a present value, the stock price, by discount-
ing each of the expected cash flows by a discount factor (see 
Bodie, Kane, and Marcus 1989). Changes in either the dis-
count factor—the time value of money and an adjustment 
for risk—or the expected dividend affect the current stock 
price. Similarly, the expectations theory links longer-term 
bond prices with shorter-term bond prices through expected 
future bond prices that equate holding period returns (sec 
Abken 1993). Both of these examples are of a market 's eval-
uation of the mean or average prices of cash flows that will 
occur. 

2. Option-implied volatility has been extensively analyzed. 
Feinstein (1988) and Canina and Figlewski (1993) discuss 
the accuracy of implied volatility in equity index options as 
forecasts of volatility. 

3. Skewness is technically the normalized third central moment 
of a distribution. See note 10 for the formal definition. The 
first moment is the mean and the second central moment is 
the variance. Some distributions are uniquely characterized 
by a small set of moments. For example, the normal distribu-
tion, which has zero skewness, is completely characterized 
by its mean and variance. 

4. One study in a similar vein to this article but conducted us-
ing a much different methodology is Das (1995). He estimat-
ed a model of short-term interest rate movements that allows 
for gradual (that is, continuous) rate changes and jumps (dis-
continuities in the path of rates.) He found that there is a sta-
tistically signif icant increase in the " j u m p " probabil i ty 
immediately following FOMC meetings. He concluded that 
during the 1980s markets tended more to react to FOMC ac-
tions than to anticipate them. He also found evidence of 
skewness, although his focus is on kurtosis. Kurtosis is relat-
ed to the fourth moment of a distribution (whereas skewness 
is related to the third) and refers to the thickness of the tails 
of the distribution. The occurrence of jumps in interest rates 
increases the thickness of the tails—there is a greater proba-
bility of observing "outliers" for such a distribution com-
pared with one for which jumps do not occur. 

5. Alternative contracts to three-month Eurodollar futures are 
one-month LIBOR and 30-day federal funds futures con-
tracts. These have shorter maturities and might be more sen-
sitive to Federal Reserve policy actions. However, they are 
too thinly traded (volumes of only a few thousand contracts) 
and, most important, do not have options associated with 
them. 

6. A number of researchers have independently formulated a 
new approach to option valuation that attempts to "back out" 
the implied probability distribution of equity index prices 
from quoted option prices on the index. Rubinstein (1994), 
Shimko (1993), Derman and Kani (1994), and Dupire (1994) 

all extract the implied probability distribution from traded, 
liquid options in order to price other, less liquid options con-
sistently across instruments. Their objective is to price exotic 
options like barrier and lookback options. Rather than as-
suming a particular distribution that governs the movements 
of the underlying price, they infer the distribution from quot-
ed prices and recognize that this distribution can vary over 
time. 

7. The following discussion derives from Bates (1991). 
8. The exposition makes the simplifying assumption that the 

expected payoff can be discounted at a fixed instantaneous 
rate, r. Making this assumption is justified in the context of 
Eurodollar futures options later in the text. 

9. Forward prices are equal to futures prices only if interest 
rates are deterministic (see Cox, Ingersoll, and Ross 1981). 
For a short Eurodollar futures position, rising interest rates 
will result in positive marked-to-market cash Hows that are 
not realized by a short forward position. For both types of 
contracts to be held in equilibrium, futures prices have to be 
higher than forward prices. Flesaker (1993) points out that in 
practice the difference is negligible for contract maturities 
less than one year. 

10. Bates 's measure of skewness in options pr ices is distinct 
from the standard statistical measure of skewness based on 
the central third moment of a data sample of N observations: 

N t i=i 

• - - • T è i ! « - 1 * 

Skewness = 
N' m3 

(N-l)(N-2) s3 . 

(from Doan 1994, p. 14-238). Furthermore, the skewness 
measured using option prices is that of the risk neutral distri-
bution, whereas skewness computed from actual data, in this 
case a time series of LIBOR, is that of the actual probability 
distribution. 

11. See also Tompkins (1989) for an application to Eurodollar 
futures options. However, Tompkins incorrcctly ignores the 
early exercise feature of these options in discussing valua-
tion. 

12. The plotted implied volatility of the HJM model with pro-
portional volatility in Figure 1 of Amin and Morton (1994) 
is very close to that in Chart 4 below. Both plots show the 
history of a proportional volatility of the "spot" rate, al-
though in the HJM model the spot rate is stochastic and the 
early exercise premium is evaluated by backward recursion 
through a nonrecombining binomial tree. However, Amin 
and Morton find that the average implied volatility of puts is 
greater than that for calls during January 1987 to November 
1992. 

13. Cubic splines were fit to the call and put option prices on 
any given day. The method of natural cubic splines de-
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scribed in Press and others (1988) was used. The value oi 10 
percent out of the money was used because, by trial and er-
ror, it was determined that this is the maximum degree of 
out-of-the-moneyness that could be used to plot a time series 
of volatilities with relatively few missing daily observations. 
A greater degree of out-of-the-moneyness resulted in an in-
creasing lack of availability of puts or calls to make the com-
putations. Also, as Bates (1988) points out, in-the-money 
options can also be used to assess skewness. However, these 
tend to be less liquid and the skewness measures derived 
from them tend to differ substantially from those derived 
from the out-of-the-money options. 

14. Federal Reserve monetary policy could be viewed as being 
endogenous to the business cycle. Skewness may be condi-
tional on the stage of the business cycle as perhaps gauged 
by the level of short-term interest rates. Unconditional skew-

ness could be constant in the long run. In that case an en-
dogenous shift in conditional skewness may have occurred 
in late 1992. Unfortunately, the sample contains only one 
observation on this kind of shift. On the basis of the Eu-
rodollar futures evidence, there is no way to tell whether the 
shift in skewness (and Fed policy) is exogenous or endoge-
nous. 

15. During the period of this study, Federal Reserve interven-
tions in the federal funds market occurred between 10:30 
A.M. and 10:45 A.M. Chicago time, although on occasion 
open market operations took place outside of these times 
(see Smith and Webb 1993). 

16. A similar test was done for changes in volatility for both 
puts and calls. The results also indicated statistically in-
significant changes in volatility. 
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