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interpreted as market expectations for future spot prices, and option prices 
are used to calculate the market's expectations for future volatility of 
spot prices. Do these prices accurately reflect market expectations? The 
purpose of this paper is to examine the information that is reflected in 
futures prices and option prices. The issue is examined by reviewing both 
the relevant analytical models and the empirical evidence. 
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The relationship bet51een e>:pectations and prices in futures arnd options 
markets should be interpreted carefull:;. Futures and foL-ward prices al-2 

prices for future delilrery, and these markets make it possible for indi- 
viduals to hedge price risk. When individuals use futures and forward 
markets to hedge, they really transfer the price risk to someone else, and 
there should be some form of compensation for those iqho absorb the risk. 
As a result, risk premix are built into the prices so that the price is a 
combination of the expected future price and a risk premium. This paper 
first demonstrates by arbitrag,e methods that futures and forward prices 
should be functions of current spot prices and interest rates. Any direct 
connection between these prices and ?::pected future spot prices is purely 
coincidental. Futures a~ncl foL-wal-d prices are. however, affected by 
e:<pectations through tile current spot price. which is deter-mined by 
expectations. Several examples of actual prices for stock indes futures, 
Treasury bond futures, and forward foreign exchange are examined. and in all 
cases the prices are very close to the prices predicted by the arbitrage 
models. Prices in futures and forward markets reveal no additional 
information on market esp?ctations that is not already rel.:P.-iled in spot 
prices. In foreign exchange markets. forward rates are T.~~~-;,f poor predictors 
of future changes in the exchange rates. 

It is possible that implied -olatilities computed from option prices 
may reflect market expectations of future \7olatiliQ in the spot market. 
The popular model for computing implied volatilities is tthe Black-Scholes 
model, and the paper demonstrates that this model with expected volatility 
can be interpseted as a first-order approximation for a more complex model 
that allows the volatility to change randomly. Risk premia may also 
influence the implied volatilities computed from option prices: the correct 
first-order approximation is the Elack-Scholes model with expected \vol- 
atility computed form the risk-adjusted volatility process. 

Previous empirical studies cif ilrlplied volatilities aL-e ~150 rE.\Jie:.ied. 
and some new evidence for foreign e;:chnnge rates is pres~'n~+d. The results 
of the empirical studies suggest that implied volntilities are useful for 
forecasting future volatility. but implied volatilities alone are not 
optimal predictors. A combination of implied Y.701ntilities, pnst ::ol- 
atilities, and the market factor in ~~~olatility appear to be useful in 
forecasting future volatility. The empirical analysis supports the notion 
of a volatility-risk premium. but not one that is large enough to ljr(;;iI-I 
completely the linkage between volatilities in option prices and 
expectations of future xrolatilitl,: in the spot mnrI-:i-t. 





I. Introduction 

Derivative security markets have experienced phenomenal growth in re- 
cent years. A wide variety of options and futures contracts are traded on 
stock indexes, bonds, interest rates, foreign currencies, gold, oil, and 
numerous commodities. An important issue for financial economists and mar- 
ket analysts is the information content of these prices. Prices on tradi- 
+.ional assets, like stocks and bonds, are determined by discounting expected 
future cashflows and the prices reflect expectations about future events 
that may effect the underlying cashflows. What kind of information is re- 
flected in the prices of derivative securities. IJ Futures and forward 
prices are prices for future delivery of some specified asset. Do these 
prices reflect expectations of future prices on the asset? Option prices 
depend on future prices and the potential variability of those prices. Do 
the option prices reflect expectations of the price and its potential 
volatility? 

In this paper I examine the information content of prices in these 
derivative security markets. Section II of the paper is devoted to futures 
and forward prices, and section III is devoted to option prices. In both 
sections, I examine how arbitrage, expectations, and risk premia influence 
these market prices. The theoretical analysis is balanced with a review of 
the relevant empirical research and a presentation of some new empirical 
results. Because volatility of the underlying asset price plays an impor- 
tant role in the pricing of options, I examine the behavior of implied 
volatilities which traders and market analysts compute from option prices. 

In section II, I argue that the arbitrage relationship is so strong 
that futures and forward prices are determined primarily as functions of 
spot prices and interest rates. From this perspective, the espectations re- 
flected in futures or forward prices are the same expectations that are 
reflected in the spot asset prices. One cannot infer expected future spot 
prices from futures and forward prices without measuring the relevant risk 
premia. In section III, I show that there is a relationship between implied 
volatilities from the options market and expectations of future volatility, 
but this linkage is weakened by the presence of risk premia associated with 
volatility. There is some empirical evidence that implied volatilities are 
useful for forecasting future volatility. By contrast, futures and forward 
prices, particularly forward foreign exchange rates. do not seem to be 
useful as predictors of future spot prices. 

1/ These futures and options are sometimes called derivative instruments 
because their payoffs are derived from asset prices or economic variables. 
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II. Futures and Forward Markets 

Prices in futures and forward markets are prices for the future deliv- 
ery of an asset or a commodity. There are active markets in futures con- 
tracts on foreign currencies, stock indexes, long term bonds, interest 
rates, gold, oil. and numerous commodities. There is a large forward market 
in foreign currencies, and interest rate swaps and currency swaps are essen- 
tially long term forward contracts. Futures and forward contracts are simi- 
lar, but a few differences are worth mentioning. Futures contracts are 
standardized and trade on organized exchanges. The delivery dates and terms 
are set by the exchanges. Forward contracts are primarily negotiated 
through over the counter markets and the dates and terms of delivery can be 
set to meet the needs of the customer. The principal markets are operated 
through the trading rooms of large banks and investment houses. From a 
pricing perspective, the principal difference between futures and forwards 
is the timing of the cashflows. Futures contracts are settled each day by 
the exchanges so that short positions and long positions experience daily 
cashflows. Forward contracts do not experience any cashflows until the 
delivery date when the asset or commodity is delivered for cash. In both 
cases? margin or collateral may be required when the contracts are initiat- 
ed. It is possible for futures and forward prices on otherwise identical 
contracts to differ because of the difference in the timing of the cash- 
flows. 1/ If there is a price difference, the potential arbitrage is to 
bu:y , or go long, at the lower price and sell, or go short, at the higher 
price. The apparent arbitrage profit is the price difference, but there is 
some risk due to the timing of the cashflows. If the futures position 
experiences early losses there is an initial cash outflow for the arbitra- 
geur and this loss is not offset by the profit on the forward position until 
the delivery date. The arbitrageur must be able to finance the potential 
losses on the daily settlement of the futures and this risk is sometimes 
referred to as interest rate risk. For short term contracts, delivery dates 
less than a year away, these risks are small and the pricing differences are 
negligible. The pricing differences could be economically significant on 
long term contracts, but most of the futures and forward contracts in active 
markets are short term. r/ For this reason, I will follow the usual prac- 
tice of equating futures and forward prices. 

1. The Determination of Futures and Forward Prices 

The most popular pricing model for futures and forward contracts is the 
cost of' carry model: the forward price is equal to the spot price plus the 
cost of carry or storage. This model is based on simple arbitrage. If the 
t-or:i;rrd price is too high, the arbitrageur buys the asset or commodity on 
thi< spot market and sells forward. The forward price must be just high 

I-! For a careful analvsis of these differences, see Cos, Ingersoll, and 
Ro::s (l?Slj, 

*-, I i f., The notable exceptions are the longer term Eurodollar futures and 
swaps 
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enough to offset the storage costs which must be incurred while the arbitra- 
geur waits for delivery. If the forward price is too low, then an arbitra- 
geur who holds the asset or commodity in inventory can sell on the spot mar- 
ket, buy forward, and avoid the carrying costs over the life of the forward 
contract. This approach to pricing futures and forward contracts has been 
used by traders for many years and was used by Holbrook Working in his 
analysis of futures markets over 40 years ago, l/ The cost of carry model 
is easy to apply in financial markets because the transportation and tran- 
sactions costs are small and the cost of carry or storage is simply the 
interest rate or the opportunity cost on cash that is used to purchase the 
asset on the spot market. An adjustment must be made for potential cash- 
flows, dividends or interest, on the asset. For futures contracts on stock 
indeses or stock portfolios the model is 

F = S (l+R) -D = S (l+R-;) , (1) 

where F is the forward price, S is the spot index or the spot value of the 
portfolio, R is the risk free interest rate, and D is the dividend to be re- 
ceived from holding the stocks in the index or portfolio. For forward con- 
tracts on bonds we replace the dividend yield with the coupon yield: 

F = S(l+R-6) . (2) 

The relationship between forward prices and spot prices for long term bonds 
is determined by the relationship between short term interest rates, R, and 
long term yields, C/S. If the yield curve is upward sloping the forward 
price of the bond is lower. If the yield curve is downward sloping, then 
the forward price is higher. When the cost of carry model is applied to 
forward foreign exchange rates, one must account for the foreign interest 
rate which is paid on short term positions in the foreign currency. The re- 
sulting model is the familiar covered interest rate parity condition: 

F = s (1+%) 
(l+Rf) ’ 

(3) 

where the subscripts d and f are used to distinguish the domestic and for- 
eign interest rates. Here the forward and spot exchange rates are espressed 
as the domestic currency price of the foreign currency, the ratio of domes- 
tic currency to foreign currency. 2/ 

This model for futures and forward prices is based on arbitrage. If 
prices deviate from the model relationship, then arbitrage opportunities be- 
come available, at least for traders who transact at low transactions costs. J/ 

For this reason, the cost of carry model provides an accurate description 
of prices in these markets. The price differences that are observed tend to 

IJ See Working (1948, 1949) 
L/ This same convention will be followed in the discussion of foreign 

currency options. 
2/ Examples include banks, investment houses, and futures trading firms. 
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be quite small. Arbitrage models perform well empirically because they do 
not rely on restrictive assumptions about preferences of economic agents or 
the structure of the economy. Only two assumptions are required: avarice 
and free trading among individuals. Evidence on the empirical accuracy of 
the cost of carry will be presented below in section 111.2. I turn now to 
the relationship between futures and forward prices and expectations of 
future spot prices. 

Do futures and forward prices serve as unbiased or optimal predictors 
of future spot prices? Can these prices be used to infer information about 
market expectations? The general answer is no; forward prices reveal noth- 
ing more about expectations of the future than what is already revealed in 
spot prices and interest rates. 1/ An alternative model for futures and 
forward prices is the one in which these prices equal the market's expecta- 
tion for the spot price at delivery: 

F,(t+s) = E(St+sIIJ = Et(St+,) , (4) 

where Et is a conditional expectation and I, is the information set used by 
the market at time t. If expectations are rational and the market uses all 
available information to forecast spot prices, then this model implies 
(1) that futures and forward prices are unbiased predictors of future spot 
prices and (2) that futures prices are martingales. The martingale 
property, Ft = E,(F,+k), implies that changes in futures prices should be 
unpredictable. Both of these implications have been tested extensively in 
the efficient markets literature and the results are mixed. Two observa- 
tions are important, First, even if this simple expectations model is 
correct, the arbitrage relationship must also be satisfied in an efficient 
market. Second, a variety of assumptions, including risk neutrality, are 
necessary to derive this expectations result in an equilibrium asset pricing 
model. 

An auxiliary approach is to allow for a risk premium in the forward 
price: 

F,(t+s) = Et(St,,) + RP, , (5) 

and consider plausible models for the risk premium. One can then infer the 
market's expectation by removing the risk premium from the forward price. 
This exercise has limited usefulness because the structure of the risk 
premium may be quite complicated and it should be whatever is necessary to 
move from forward prices, which are determined by arbitrage, to the expected 
future spot price. When a time varying risk premium is present, the forward 
price is no longer an optimal predictor of future spot prices and other 
information variables will be useful in predicting future spot prices. 

l/ This position and the related arguments are essentially contained in 
the writings of Holbrook Working (1949a,b). 
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There is, however, a connection between forward prices and expectations even 
in models with risk aversion. 

This point is demonstrated by using the Cox, Ingersoll, Ross (1981, 
1985a) model, hereafter the CIR model, for pricing futures and forwards in a 
continuous time equilibrium model. CIR price futures and forwards by using 
arbitrage to convert futures and forward prices into prices of assets and 
then they apply a continuous time valuation model. l/ Let Bt(t+s) be the 
price of a default-free discount bond that pays $1 at time t+s, and rt be 
the instantaneous risk free interest rate. They show that the forward 
price, now Ft(t+s>, must equal the value of an asset that will pay at 
delivery the spot price, St+s, divided by Bt(t+s>. The futures price, now 
f&+4 I should equal 
following cashflow: 

S t+s em 

the value of an asset that will pay at delivery the 

(6) 

In this continuous time model, the value of an asset that has a single 
cashflow is equal to the risk adjusted expectation of the cashflow discount- 
ed as follows: 

I 
t+s 

V, = B, exp(- / r(u) du} Ct,, . 
t I 

(7) 

The risk adjusted expectation is determined by first performing a risk 
adjustment on the state variables that determine r and C, and then taking 
the expectation. Let Y = (yi) represent the relevant state variables, which 
are assumed to be diffusion processes. The risk adjustment is accomplished 
by reducing the mean parameter of each state variable by its risk premium: 

dyi = [pi(Y) -li(Y)I dt + ai dzi , (8) 

where dzi is a Wiener process, and pi and Ui represent the instantaneous 
mean and variance. The risk premia are determined by the covariability of 
the state variable with the marginal utility of wealth. The model for the 
forward price becomes: 

Yl/ No distinction is made here between real prices and nominal prices. 
CIR (1985b), at the end of their term structure paper, show that the impor- 
tant results of their valuation model also work if one uses nominal cash- 
flows and nominal interest rates to determine nominal asset prices. The 
results for futures and forward prices follow from propositions 1 and 2 in 
CIR (1981). 
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F,(t+s) = e, exp{- 

f?, ( exp{ -'rrdu 1 St+s) 
t 

t*s 
et ( exp(-/rdu 1) 

t 

The bond price is known at time t and it is also an asset price: 

tts 

1 rdu} $1 . 
t I 

(9) 

(10) 

The model for the futures price is 

f,(t+s) = fit expl-'j'rdu + Irdu) St+s 
i 

t+s 
= fit (St+,) - (11) 

t t I 

As was previously noted, short term futures and forward contracts have 
prices that are roughly equal. If the spot price is uncorrelated with 
interest rates in this model, then we have the result that the forward price 
equals the futures price. 

The important observation here is that the futures price is the risk 
adjusted expectation of the spot price, not the actual expectation of the 
spot price. Now consider the spot price of an asset that is traded in fi- 
nancial markets. One investment strategy is to buy the asset with the in- 
tention of selling it at the delivery date, t+s. If the asset pays no div- 
idend or interest, then the current price is also determined by the valua- 
tion model: 

expi-'Trdu) S,,, 1 . (12) 
t 

Now compare this to the forward price. If we divide this expression for the 
current spot price by the price of the discount bond, we get the forward 
price, Ft(t+s) = St/Bt(t+s). The bond price is just the reciprocal of one 
plus the interest rate so that Ft(t+s) = S,(l+R), which is the cost of 
carry, or arbitrage, model for the forward price with no dividends or 
interest. The trivial result here is that the asset pricing model is 
consistent with the results of arbitrage-free pricing. The important 
observation, however, is that the espectations reflected in the forward 
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price are esactly the same expectations reflected in the current spot price. 
If the covariability between interest rates and the spot price is ignored. 
the same statement applies to the futures price. The expectations reflected 
in forward prices are the same expectations reflected in the spot price and 
the forward price is not necessarily the market's espectation of the future 
spot price. 

There is one special case worth considering. Suppose that the underly- 
ing spot price is uncorrelated with the marginal utility of wealth. The 
risk premium for the spot price is zero and the futures price is equal to 
the expectation of the spot price. If the covariability between the spot 
price and interest rates is zero, then the forward price is also equal to 
the expectation of the spot price. The spot price is equal to the expected 
value of the future spot price discounted at the risk-free rate: 

St = I!!, expi- Trduj St+s. = f?,(exdT~)] fit(St+s) 

EC ! st+6 ) 
= B,!t+s) B,(S,+,) = (1 + R) . 

(13) 

(14) 

In this special case, market expectations can be inferred from futures and 
forward prices, but they can also be inferred directly from the spot price. 
Even in this special case, the futures and forward prices do not provide any 
additional information on market expectations beyond what is available in 

the spot price. 

What are futures and forward prices, if they are not market expecta- 
tions of future spot prices? Futures and forward prices are prices for 
future delivery that permit individuals to transfer price risk. It is 
natural that these prices contain risk premium, so that those individuals 
who are willing to bear the price risk are appropriately compensated. In 
financial markets these prices can be easily determined by arbitrage rela- 
tionships which are based on current spot prices and interest rates. The 
connection between these prices and actual market expectations of future 
spot prices is purely coincidental. To infer actual market expectations 
from these prices, one would need a careful analysis of the risk premium 
which is based on the behavior of the spot price. 

? i. Some Empirical Evidence on Pricing in Futures and Forward Markets 

In this section II present a few empirical observations on the pricing 
of futures and forward contracts. The empirical literature on futures and 
forward pricing is quite x'oluminous, and no attempt will be made to either 
survey this literature or to present a complete empirical study. I begin 
with some applications of the arbitrage models for stock index futures, bond 
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futures, and forward foreign exchange. In Table 1, I present calculations 
for the futures contract on the Major Market Index (MMI); the MM1 is a stock 
index of twenty large U.S. companies that is designed to mimic the movements 
of the Dow Jones Industrial Average. This contract has been chosen because 

Table 1. Cost of Carry Model, MM1 Stock Index Futures 
July 22, 1991 

MM1 Spot Price = 633.71 

Annual Theoretical Actual 
Interest Interest Futures Futures 

Delivery Date Rate Rate Dividend Price Price 

(In percent) 

August .3762% 5.49% 2.360 633.73 633.75 
September .9264 5.64 4.367 635.21 635.15 

NOTES: The short term interest rates are computed from T-Bills 
with maturities closest to the delivery date. The divi- 
dends on the MM1 are from CBOT Financial Update, June 
21, 1991. 

it is easier to construct the dividends needed to calculate theoretical 
futures prices for the arbitrage model. 1/ For the day chosen, the theo- 
retical futures prices are extremely close to the actual futures prices. 
Investment firms perform these calculations on a daily basis and trade 
whenever the price differences are large enough to generate profits over the 
transactions costs. Because the arbitrage is simple, and many investment 
firms stand ready to take positions, it should be no surprise that the 
arbitrage model is very accurate. 

A more complicated example is the pricing of the Treasury bond futures 
conrract traded at the Chicago Board of Trade. There are typically more 
than twenty long term Treasury bonds available for delivery on this con- 

l/ The dividends are reported in the CBOT Financial Uudate. To calculate 
the arbitrage model for the S&P 500 futures contracts, one must collect the 
dividends on the 500 stocks in the index. 
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tract, and the short position has the option to deliver his or her choice of 
bonds during the delivery period. To price this futures contract, one must 
apply the arbitrage model to all of the deliverable bonds and determine the 
cheapest bond to deliver. To adjust for different coupon rates, the 
exchange assigns a conversion factor to each bond: the price that a short 
receives on a delivered bond is the futures settlement price for the day 
multiplied by the conversion factor for the bond. 1/ We divide the spot 
price by the conversion factors to restate all of the prices in terms of the 
futures price. In Table 2, I present the calculations for the September 
Treasury bond futures contract as of July 22, 1991. The bond that produces 
the lowest theoretical futures price is the cheapest bond to deliver; in 
this case it is the November 2016 bond. All of the theoretical bond prices 
are higher than the futures price, a pattern which is typical. The lower 
futures price reflects the value of several options available to the short 
during the delivery period, but the arbitrage model does produce a 
theoretical futures price that is close to the actual futures price if we 
use the cheapest bond to deliver. 

For the last example on the accuracy of arbitrage models, I use a data 
set of foreign exchange rates and interest rates that includes spot eschange 
rates , 3 month forward rates, and 3 month Eurocurrency interest rates for 
the two countries. The exchange rates are the U.S. dollar with the British 
pound, the German mark, the Japanese yen. and the Swiss franc. The time 
period covered is roughly 1983 to 1936 and the observations are weekly, 
every Thursday. The difference between the theoretical forward rate and the 
quoted forward rate was greater than 0.1 percent for only 8 of the 706 
weekly observations. Most of the differences were less than 0.05 percent. 
Another way to measure this difference is to compute the interest rate that 
domestic investors could earn by 
trage: 

engaging in the covered interest rate arbi- 

R.; = $ (l+R,) , 

which follows by simply rearrang ing the covered interest rate parity equa- 
tion. 
Rdx 1 

I calculated the difference between the annualized rates for Rd and 
and I found that the absolute deviation averaged 13 basis points for 

the British pound. 10 basis points for the German mark, 10 basis points for 
the Japanese yen! and 8 basis points for the Swiss franc. z/ These dif- 
ferences are quite small, and the results imply that the arbitrage model 
provides an accurate description of the determination of forward rates. 
Whenever there is sufficient trading activity, sufficient liquidity in the 
market, the arbitrage model will provide an accurate description of futures 
and forward price determination. In the active foreign exchange markets, 
the forward rate is essentially a function of the spot rate and the two 
interest rates. The difference between the forward rate and the spot rate 

(15) 

1/ The buyer must also pay accrued interest at the time of delivery, but 
this extra charge can be ignored in the calculation of the arbitrage model. 

z/ One basis point is equal to .Ol%. 
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Table 2. Cost of Carry Model, Treasury Bond Futures 
July 22, 1991 

September Futures Price = 93.625 
Interest Rate = 0.6577% (5.58% per annum) 

Theoretical 

Maturity Rate Factor Price Price 
Price 

Difference 

Nov 2006 14.000 1.5188 145.7500 95.5116 -1.8866 
Nov 2007 10.375 1.2122 115.2500 94.6883 -1.0633 
Aug 2008 12.000 1.3653 129.9375 94.7604 -1.1354 
May 2009 13.250 1.4899 141.8438 94.7790 -1.1540 
Aug 2009 12.500 1.4224 135.3125 94.7190 -1.0940 
Nov 2009 11.750 1.3545 128.8438 94.7242 -1.0992 
Feb 2015 11.250 1.3404 126.8438 94.2650 -0.6400 
Aug 2015 10.625 1.2769 120.7188 94.1793 -0.5543 
Nov 2015 9.875 1.1987 113.1875 94.0753 -0.4503 
Feb 2016 9.250 1.1327 106.8750 94.0123 -0.3873 
May 2016 7.250 0.9200 86.6563 93.8858 -0.2608 
Nov 2016 7.500 0.9463 89.0625 93.8024 -0.1774* 
May 2017 8.750 1.0811 101.9688 93.9892 -0.3642 
Aug 2017 8.875 1.0946 103.1875 93.9304 -0.3054 
May 2018 9.125 1.1230 105.9688 94.0227 -0.3977 
Nov 2018 9.000 1.1100 104.7188 94.0094 -0.3844 
Feb 2019 8.875 1.0963 103.4688 94.0506 -0.4256 
Aug 2019 8.125 1.0137 95.6563 94.0441 -0.4191 
Feb 2020 8.500 1.0555 99.7188 94.1501 -0.5251 
May 2020 8.750 1.0837 102.5630 94.3101 -0.6851 
Aug 2020 8.750 1.0837 102.5310 94.2827 -0.6577 
Feb 2021 7.875 0.9858 93.3130 94.3421 -0.7171 
May 2021 8.125 1.0141 96.2500 94.5939 -0.9689 

Coupon Conversion Ask Futures 

* - cheapest to deliver bond 

Theoretical future price = (S/CF)(l+R-C/S) 

NOTE: The short may deliver any bond, and a different bond may become 
cheaper to deliver. During the delivery period the futures settlement price 
is set when the futures market closes, but the spot market remains open for 
several more hours, If the spot prices drop after the futures market 
closes, the short can buy the cheapest to deliver bond, send a delivery 
notice to the eschange, and sell at the futures settlement price. 
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is determined by the interest rate differential, and there is no special 
role for expectations of futures spot rates. Expectations of future spot 
rates are, of course, important in the determination of current spot rates. 

Numerous empirical studies have examined tests of forward rates as 
predictors of futur2 spot exchange rates. Numerous tests of the predict- 
ability of futures price changes have also been executed in the efficient 
ularkets literature. The hypothesis that forward rates are optimal predic- 
tors of future spot rates in foreign exchange markets is frequently rejected 
in these studies. For a discussion of these results, see the papers by 
Hansen and Hodrick (1980) and Fama (1984) and the review of the literature 
contained in Hodrick (1987). Because the forward rates are determined by 
the interest rate differentials, the results imply that interest rate dif- 
ferentials are poor predictors of future changes in spot exchange rates, at 
least over the short time horizons used in the empirical studies. These 
results are evidence of the importance of risk premia in the forward rates. 
To reconfirm the results of these previous studies, I repeated the tests on 
a data set of foreign exchange rates for a recent period, 1983-89. The time 
series are weekly observations on the spot rate and the 90 day forward rate, 
and I ran the following regression: 

= a + b ln(Ft(i:k)) + e, , (16) 

where k is 13 weeks, or roughly 90 days. 

Because the time intervals for the forecast errors overlap, there is serial 
correlation in the error term. I estimate the regression with ordinary 
least squares, which is consistent, and I use the techniques described in 
Hansen (1982) and Hansen and Hodrick (1980) to account for the serial 
correlation in the forecast errors. L/ The results, similar to those ob- 
tained in previous studies, are summarized in Table 3. The coefficient on 
the forward rate should equal one if the forward rate is an unbiased 
predictor, but the coefficients are negative and statistically significant. 

1/ I use a spectral estimator for the variance of the parameter esti- 
mates. Let X be the Tx2 matrix of observations on the two right hand side 
variables and let xt be the vector of observations at time t. The variance 
matrix for the parameter estimates is T(X'X)-lf(X'X)-l, where f is 2n times 
the spectral density matrix of (xtet) evaluated at the zero frequency. To 
estimate the spectral density, I prewhiten the series first, and then I use 
a smoothed periodogram estimator with a flat window. The last step is to 
recolor the estimate by the appropriate filter. For a description of this 
estimator, see Nerlove, Grether, and Carvalho (1979). Generalized least 
squares is not used because it is not consistent in this application. 
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The hypothesis that forward rates are unbiased predictors is easily rejected 
by the data. The regression results suggest an alternative view: an 
increase in the domestic interest rate relative to the foreign interest rate 
predicts that the exchange rate will drop and the domestic currency will 
increase in value over the next 3 months. Results of this kind do not imply 
systematic expectation errors in the forward markets, but they do suggest a 
serious specification error in models that assert that expected changes in 
the exchange rate are a simple function of the interest rate differential. 

Another example of the errors that arise when simple expectation models 
are applied to futures and forward prices can be found in the case of stock 
index futures. It is generally accepted that a risk premium can be earned 
by holding a large portfolio of common stocks. Here the risk premium is the 
difference in the expected return on the portfolio and the risk-free inter- 
est rate. Estimates for the risk premium on the S&P 500 portfolio have 
varied from 5 percent to 9 percent on an annual basis. Now assume for the 
moment that the S&P 500 futures price is equal to the expected spot price at 
delivery. If this were true, then an investor could buy the S&P 500 
portfolio, sell the futures contract, and capture the risk premium on the 
S&P 500 without incurring the risk associated with holding the risky 
portfolio. An inconsistency exists. We have allowed a risk premium for 
holding the stock portfolio, but no risk premium in the futures price. The 
arbitrage portfolio should earn the risk-free rate; for this to occur, the 
futures price must be less than the expected spot price. The resulting risk 
premium in the futures price is just a mirror image of the risk premium for 
holding the risky stock portfolio. 

III. Option Markets 

Option contracts in financial markets are options to buy or sell secur- 
ities at fixed prices. There are actively traded option contracts on 
stocks, stock indexes, bonds, foreign currencies, financial futures, and 
specific interest rates. In addition to the option markets in Chicago, 
which once dominated option trading, there are active markets located in New 
York, London, Paris, Frankfurt, Tokyo, and Singapore. Options are different 
from futures and forward contracts because the holder of an option has the 
right to buy or sell an asset at a fixed price, but the holder may elect not 
to carry out the transaction. If underlying asset prices, spot prices, move 
against the holder of the option, he or she can allow the option to expire 
and the loss is simply the original premium paid for the option. Options, 
like futures and forward contracts, can be used to hedge price or interest 
rate risk, but the hedge with options is like purchasing insurance. In this 
section, I examine the information content of option prices. Specifically, 
do option prices provide additional information about future volatility in 
financial markets? 
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1. Option Pricinp and Implied Volatilities 

Option prices are determined by several important factors: the spot 
price or the price of the asset on which the option is written, the exercise 
or strike price, the time to maturity of the option, and the potential 
volatility of the spot price. In many cases, interest rates also effect 
option prices, but the impact of interest rate changes tends to be small. 
Some options can be exercised prior to the expiration date, and these are 
called American options. Other options can be exercised only on the expira- 
tion date, and these are called European options. This distinction can have 
an effect on the option value. All of these elements that influence option 
values are easily observable, except for the volatility of the spot price. 
Because option prices typically move up and down with spot price volatility, 
the option prices reflect the market's expectations for future volatility. 

Option traders and market analysts use mathematical models to value 
options and one of the important parameters in these models is volatility. 
The most popular model is the Black-Scholes (1973) model for valuing call 
options on stocks: 

C(S,t) = S N(d,) - emrtT-')K N(d,) (17) 

N(d)=7 ~ exp(-'/2x2) dx 
-w 

d = ln(S/K) + (I +%J~) (T-t) 
1 a\FiTE 

I d, = d, - am 

(18) 

(19) 

N(d) is the standard normal distribution function. S is the current stock 
price, K is the exercise price, r is the instantaneous interest rate, (T-t) 
is the time to maturity, and u is the standard deviation, or volatility, of 
the stock price. l/ Option models are frequently derived by using arbi- 
trage methods, but the models rely on dynamic trading strategies in continu- 
ous time, and all of the models are dependent on the assumptions made for 
changes in the stock price. The Black-Scholes model is based on the follow- 
ing diffusion process for stock price changes: 

1,/ European put options can be valued by usin 
f- 

the following relationship 
known as put-call parity: Call - Put = S - emr( t)K. 
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Table 3. Forward Rates and Future Spot Rates 
in the Foreign Exchange Market 

ln&+k&) = a + b ln(Ft(t+k>/St) + et 

a b x2 (2) 

British Pound - $ -.03600 -7.7050 19.47 
(.01105) (2.0333) 

German Mark - $ .1235 -12.9289 33.39 
(.0304) (2.6885) 

Japanese Yen - $ .1064 -10.9962 17.37 
(.0264) (2.8800) 

Swiss Franc - $ .1148 -9.9866 36.40 
(.0273) (2.0116) 

Sample Sizes - 316 Sample Period: March 1983 to June 1989 

NOTES: The time series are weekly. The standard errors, shown in 
parentheses, have been calculated to allow for serial correlation 
and conditional heteroskedasticity in the error term. The x*(2) 
statistic is the test statistic for the joint test that a=0 and 
b=l. k = 13 weeks (90 days). 
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ds = pSdt + oSdz . (20) 

In this model stock prices and stock returns have lognormal distributions. 
If one changes the distribution for the stock price, then a new option 
pricing model must be derived. Other models for option prices have been 
developed, but the Black-Scholes model remains popular because it is easy to 
use. 

The model can be estended to value other types of options. To value 
stock index options, one simply replaces the stock price with the index. 
When pricing options on indexes and options on stocks that pay dividends, 
one should make an adjustment for dividend payments. For stock index 
options, the typical adjustment is to replace the stock price, S, with 
e -W-t)s, wh ere 6 is the continuous dividend yield. For a stock with dis- 
crete dividend payments, the adjustment is made by subtracting from the 
stock price the present lralue of the dividends that will be paid before the 
expiration of the option. l/ To value foreign currency options the model 
is extended as follows: 

C(S,L) = emTfcTmt)S N(d,) - eerdCTet)K N(d,) (21) 

dl = 
ln(S?/K) +(I~-rf+%u2) (T-t) 

UJFT 
, d, = d, - am 

S now represents the exchange rate, and the 
are assumed to be fixed. 2/ The model appl 
quently called Black's model: 

two interest rates, rd and rf, 
ied to futures options is fre- 

c(f,t) = e-IiT-t) (f PI(d,j - K N(d2) ) (23) 

d = ln(f/K) + %o'(T-t) 
1 a,mT 

, d, = d, - am 

(22) 

(24) 

1’ -' For American call options, one needs to also consider the effects of 
early e:iercise. 

'7 i / A similar model can be derived if one allows interest rates to vary, 
bu: assumes that the interest rate differential remains fised. 
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Most of the bond and interest rate options are futures options and these 
options are typically valued by using Black's model even though the model 
assumes that interest rates are fixed. 1/ 

The option traders use these models by imputing their forecasts for 
future volatility. From this perspective the option prices should reflect 
the market's expectation of future volatility in the spot price. Market 
analysts use these models to infer implied volatilities from option prices: 
the a for volatility is adjusted so that the model price matches the option 
price quoted in the market. The standard practice now is to use several at- 
the-money options, options with exercise prices closest to the current 
price, to calculate implied volatilities, and to allow for different volati- 
lities across different maturities. Some analysts have referred to the 
differences in volatilities across maturities as the term structure of 
volatility. If market volatility is currently low and traders expect it to 
rise in the future, then one should observe an upward sloping term structure 
of volatility. If market volatility is unusually high and traders expect it 
to drop in the future, then the term structure will be downward sloping. 

2. Random Variance Option Pricing and the Behavior of Implied Volatilities 

The common practice of using the Black-Scholes option pricing models to 
infer values of the volatility parameter and then allowing it to vary from 
one day to the nest would appear to be logically inconsistent. The option 
pricing models discussed in the previous section are based on the assumption 
that volatility is fixed. If volatility changes randomly, then one must 
derive a new option pricing model. Random variance option pricing models 
have been developed by Scott (1987), Hull and White (1987), and Wiggins 
(1987). The models do not produce closed form solutions for option prices, 
but the analysis in Scott and Hull and White can be used to examine the po- 
tential behavior of implied volatilities from the Black-Scholes model. 

The random variance models consider a second diffusion process for 
volatility so that it becomes a random variable. The diffusion equations 
are now: 

dS = p,sdt + asdz, (25) 

da" = p2(u2)dt + y(a')dz, . (26) 

One cannot use arbitrage methods alone to derive unique option pricing 
functions in this revised model. It is necessary to appeal to an equilibri- 
um asset pricing model like the CIR (1985a) model. The solution for a 
European call option on a stock that pays no dividends has the following 
form: 

L/ The models work by allowing for variability in the bond futures price 
or the futures interest rate. 
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C(S,,o",,t) = ~,(e-r'T-t'max[O,S,-Kl} , (27) 

where the risk adjusted expectation is taken with respect to the following 
system of diffusion equations: 

dS = rsdt + asdz, (28) 

do2 = [p2(u2) -l(u2) I dt + y(o")dz, . (29) 

Numerical techniques, like Monte Carlo simulation or the finite difference 
method, can be used to compute prices in this model. 

Scott and Hull and White have shown that the option pricing problem can 
be simplified if dzl and dz2 are uncorrelated. The result is 

w 
C(S,,u2,,t) + SC S,N(d,) - e-"T-t1KN(d2))dF(V;o~,t) , (30) 

0 

where 

d, = 
ln(S,/Kj + I (T-t) + '/2V 

VQ 
(31) 

T 

d, = d, - fl and v= I u"(u)du . (32) 
t 

F(V;ag,t) is the distribution function for V, which is the volatility of the 
stock price over the life of the option. The integral is the espectation of 
the Black-Scholes solution with the random variable V in place of u2(T-t). 
One can value European calls in this model by simulating V in a Monte Carlo 
simulation; it is not necessary to simulate the stock price process and a 
substantial reduction in computing time is achieved. One can also develop 
analytic approximations for this model. Let 

C'(S,,V,t) = S,N(d,) - e-*(T-t)KN(d2) . (33) 

Now do a Taylor series expansion about the point V = Et(V). 
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9 

e,[c'(s,,v.t)1 :c.(s,,e,cv,,t, + '/cc d2C'(St,Q(V) ,t) 
av2 

fi t (V-B t (V))2 + . . . (34) 

et(V-et(V))2 is the variance of the volatility over the life of the option 
and the omitted terms in the expansion involve higher moments and deriva- 
tives. The first term of the approximation, C*(St,fit(V),t), is the Black- 
Scholes model with expected volatility in place of az(T-t), the form of the 
Black-Scholes model that is typically used. In other words, the Black- 
Scholes model is a first order approximation for a random variance option 
pricing model. 

The approximation model can be used to examine several issues. First, 
is the Black-Scholes model with expected volatility a good approximation? 
Second, what is the relationship between expected volatility in the model 
and actual volatility? The first question can be answered by simulating the 
random variance model and comparing the option values with the Black-Scholes 
approximation. In Tables IV and V, I present simulation results for two 
cases: a low volatility stock and a high volatility stock. The following 
diffusion process is used for volatility: 

da2 = K(O-u")dt + yudz, , (35) 

and for now I assume that there is no volatility risk premium. The 
parameters for the low volatility stock have been set to approximate sample 
second and fourth moments for the S&P 500; the mean reversion parameter, n, 
has been set so that the mean half life for volatility shocks is six months, 
which is close to the values estimated by Poterba and Summers (1986). The 
values are 0 = .0324 = (.18)2, n = 1.3863, and y = .22, and r is set at 
8 percent. The parameters for the high volatility stock have been set to 
approximate sample moments for a volatile stock, National Semiconductor. The 
parameters values are 0 = 0.2976 = (0.5455)2, n = 1.94, and y = 0.8956. The 
stock price is set at $50, the strike prices range from $45 to $60, and the 
maturities are three months, six months, and nine months. The two tables 
include the Black-Scholes approximation, the second order random variance 
approximation, and the Monte Carlo solution. The random variance approxima- 
tion is very close to the Monte Carlo solution: the largest pricing errors 
are $0.01 in Table 4 and $0.05 in Table 5. The Black-Scholes approximation 
is reasonably accurate, but the pricing errors are larger: the largest 
pricing error in Table 4 is $0.06, and the largest pricing error in Table 5 
is $0.29. The approximation errors for the Black-Scholes are small percent- 
ages of the correct random variance price, and the implied volatilities 
computed from the Black-Scholes model should provide reasonably accurate 
approximations for the expected volatility under the risk adjusted volatili- 
ty process. 
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In the random variance model, the expectations are risk adjusted 
expectations. The model uses the risk free interest rate in place of the 
expected return on the stock and there should be a risk adjustment on the 
volatility process. Consider the following risk adjusted process for vol- 
atility: 

da2 = (~S-~o~-Au~)dt + yudz, . (36) 

When the first order, Black-Scholes, approximation is reasonably accurate, 
the implied volatility computed from the option prices is the risk adjusted 
expectation of volatility over the life of the option. The implied u2 is 
approximately equal to Et(V)/(T-t), the average expected volatility. If the 
risk premium is zero, then the implied volatility should be an unbiased 
predictor of future volatility, or at least a close approximation. If the 
volatility risk premium is significant, then the implied volatility will not 
be an unbiased predictor of future volatility. 

The approximation model can be used to explain the term structure of 
volatility that is sometimes used by market analysts. If volatility is cur- 
rently high relative to the long run average, o$ > 0, then volatility is ex- 
pected to decline and we should observe a downward sloping term structure 
for volatility. Implied volatilities on longer term options should be lower 
than implied volatilities on shorter term options. If volatility is low, 
08 b 0, then the results are reversed and we should observe an upward slo- 
ping in this term structure. The conventional wisdom suggests that volatil- 
ity risk premia should be negative for stocks . Increases in volatility 
tend to be associated with decreases in the stock market. The negative cor- 
relation between volatility and returns on aggregate stock portfolios sug- 
gest a negative risk premium. If X in the model above is negative, there is 
a slower rate of mean reversion under the risk adjusted process. If x = -n, 
the volatility under the risk adjusted process behaves like a random walk 
with growth. In this case, one would observe large differences between im- 
plied volatilities and actual expected volatilities. Even if the risk pre- 
mia are significant, implied volatilities should move with actual volatilit- 
ies because the risk adjusted expectation takes current volatility as its 
starting point. Implied volatilities may not be unbiased or optimal predic- 
tors of future volatility, but they should reflect some information that is 
useful for forecasting future volatility. The relationship between implied 
volatilities and future volatilities in actual markets is discussed in the 
next two sections. 
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Table 4. Option Prices for a Low Volatility Stock 

Strike Time to 
Price Maturity 

45 

50 

55 

60 

45 

50 

55 

60 

45 

50 

55 

60 

0.25 6.59 6.58 6.58 Sigma = 30.00% 
0.50 7.92 7.91 7.91 
0.75 9.03 9.01 9.01 
0.25 3.33 3.32 3.32 
0.50 4.82 4.78 4.79 
0.75 5.98 5.93 5.93 
0.25 1.40 1.39 1.39 
0.50 2.68 2.65 2.65 
0.75 3.74 3.69 3.69 
0.25 0.49 0.49 0.49 
0.50 1.37 1.36 1.36 
0.75 2.22 2.19 2.19 

0.25 6.05 6.06 6.05 Sigma = 18.00% 
0.50 7.14 7.14 7.14 
0.75 8.15 8.16 8.16 
0.25 2.32 2.30 2.30 
0.50 3.59 3.55 3.55 
0.75 4.69 4.64 4.64 
0.25 0.53 0.52 0.52 
0.50 1.43 1.39 1.40 
0.75 2.34 2.28 2.28 
0.25 0.07 0.08 0.08 
0.50 0.45 0.46 0.46 
0.75 1.02 1.00 1.00 

0.25 5.92 5.94 5.93 Sigma = 12.00% 
0.50 6.91 6.93 6.92 
0.75 7.88 7.90 7.90 
0.25 1.85 1.83 1.83 
0.50 3.06 3.02 3.02 
0.75 4.17 4.11 4.12 
0.25 0.21 0.22 0.22 
0.50 0.91 0.87 0.88 
0.75 1.76 1.69 1.70 
0.25 0.01 0.01 0.01 
0.50 0.18 0.20 0.20 
0.75 0.59 0.59 0.59 

Black- 
Scholes 
Model 

Random 
Variance 

Approx. 

Monte 
Carlo Initial 

Solution Volatility 
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Table 5. Option Prices for a High Volatility Stock 

Black- Random Monte 
Strike Time to Scholes Variance Carlo Initial 

Price Maturitv Model Approx. Solution Volatility 

45 

50 

55 

60 

45 

50 

55 

60 

45 

50 

55 

60 

0.25 8.58 8.50 8.51 Sigma = 54.55% 
0.50 11.00 10.84 10.85 
0.75 12.95 12.71 12.73 
0.25 5.88 5.77 5.78 
0.50 8.52 8.30 8.31 
0.75 10.59 10.30 10.32 
0.25 3.89 3.79 3.80 
0.50 6.52 6.30 6.31 
0.75 8.63 8.32 8.34 
0.25 2.50 2.44 2.44 
0.50 4.95 4.76 4.78 
0.75 7.02 6.71 6.75 

0.25 10.07 10.00 10.01 Sigma = 76.00% 
0.50 12.76 12.60 12.62 
0.75 14.73 14.49 14.51 
0.25 7.58 7.50 7.51 
0.50 10.47 10.28 10.29 
0.75 12.55 12.28 12.30 
0.25 5.63 5.55 5.56 
0.50 8.56 8.36 8.38 
0.75 10.69 10.41 10.43 
0.25 4.14 4.07 4.08 
0.50 6.99 6.80 6.82 
0.75 9.12 8.83 8.86 

0.25 7.24 7.18 7.18 Sigma = 32.00% 
0.50 9.47 9.32 9.34 
0.75 11.45 11.22 11.26 
0.25 4.24 4.11 4.11 
0.50 6.76 6.52 6.55 
0.75 8.90 8.60 8.64 
0.25 2.26 2.15 2.16 
0.50 4.69 4.45 4.47 
0.75 6.85 6.52 6.56 
0.25 1.11 1.08 1.09 
0.50 3.18 3.00 3.02 
0.75 5.22 4.92 4.97 
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3. A Review of Empirical Research on Implied Volatilities 

Only a few papers in the finance literature have addressed the predict- 
ability of implied volatilities, but there are some recent working papers. 
Most of the research has focused on the use of implied volatilities or hist- 
orical volatilities in option pricing models. One of the first empirical 
applications of the Black-Scholes model was a paper by Black and Scholes 
(1972). They found that actual option prices were closer to model prices 
when they used future volatility instead of past volatility. Past volatili- 
ty tended to produce larger pricing errors in the model: the model overes- 
timated option prices on high volatility stocks and underestimated option 
prices on low volatility stocks. The paper by Latane and Rendleman (1976) 
was one of the first to use implied volatilities. For each stock on a given 
day, they computed a weighted implied standard deviation, WISD, from all of 
the options traded; the weights were determined by the sensitivity of the 
option price to volatility. Most financial economists now calculate implied 
standard deviations, ISD's, by using at-the-money options, options with 
strike prices closest to the current price, and setting the ISD to minimize 
the sum of squared errors. The main point of the Latane-Rendleman paper was 
a comparison of correlations across the WISD's, past standard deviations, 
current standard deviations, and future standard deviations. The data were 
primarily cross-sectional and they found a high correlation between WISD's 
and future volatility. They also found evidence of a common market factor 
in the WISD's over time. In a subsequent paper, Schmalensee and Trippi 
(1978) ran regressions to explain the variation of ISD's, but they did not 
examine the predictability of ISD's. They found some evidence of mean 
reversion in ISD's and they found that changes in ISD's are negatively 
correlated with changes in stock prices, but they concluded that ISD's do 
not seem to be related to current measures of volatility, like the price 
range or the square of the stock price change. These measures, however, 
represent very noisy estimates of current instantaneous volatility, ut, in 
the random variance model. 

The papers by Chiras and Manaster (1978) and Beckers (1981) were the 
first to directly examine the predictability of implied volatilities. Both 
of these papers used cross sectional regressions of future volatility on 
implied volatility and past volatility. Given that there is a common factor 
in volatility, there is correlation across the error terms in a cross sec- 
tional regression; the result is that standard errors are understated, t 
statistics are overstated, and statistical inference is unreliable. Neither 
of these papers account for the correlation of volatility shocks across 
securities, which can be significant. 1/ Chiras and Manaster used cross- 
section time series data, but all of the regressions were cross sectional 
regressions. They found that WISD's were better than past standard devia- 
tions as predictors of future volatility. Beckers used at-the-money ISD's, 

L/ In the next section, I present some regressions for volatility in 
foreign exchange rates and the correlation across exchange rates is substan- 
tial. 
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WISD's, and Black's volatility estimates, and he found that Black's esti- 
mates were the best predictors of future volatility. Black had an invest- 
ment service through which he sold volatility estimates. His method for 
predicting future volatility included implied volatilities, past volatility, 
and a market factor for volatility. l/ In a recent paper, Stein (1989) 
found some evidence of overreaction in the option market. He studied a 
series of implied volatilities computed from at-the-money options on the S&P 
100 index and he found that changes in implied volatilities were greater for 
longer term options. If there is mean reversion in volatility, then implied 
volatilities for longer term options should be less sensitive to current 
volatility shocks. The longer term options should allow for the longer time 
period over which volatility can revert back to the long run average. He 
concluded that his results were evidence of overreactions in the option 
market, but he did concede that the results could be generated by having a 
risk premium in the volatility process. In the model of the previous 
section, if X < -K, the risk adjusted volatility process is nonstationary 
and the reaction to volatility shocks is actually amplified over longer time 
horizons. 

In a recent working paper, Lamoureux and LaStrapes (1991) present a 
detailed analysis of implied volatilities and future volatility within the 
framework of a GARCH model for stock returns: 2/ 

R, = p + e, (37) 

h: = c + ae: + phEel + yIV, , (38) 

and et is normally distributed with mean zero and variance h2. Their data 
set consists of two years of daily observations on ten stocks, and they find 
that the coefficients on implied volatility in the GARCH equations are all 
positive, but only a few are statistically significant if a and /3 are not 
set equal to zero. Past information in stock returns is useful for fore- 
casting future volatility, and implied volatilities contribute only margin- 
ally. Their optimal predictor of future volatility, however, is one that 
uses both the information from current stock returns, the GARCH structure, 
and the implied volatilities. It should be noted that their GARCH model for 
volatility is a model of volatility over the time interval for each observa- 
tion, which is one day. The implied volatilities pertain to volatilities 
over the remaining life of the option used. In the next section, I present 
some additional empirical analysis of the relationship between implied 
volatilities and actual volatilities. 

1/ For a description, see Black (1976). 
ZZ/ GARCH stands for generalized autoregressive conditional heteroskedast- 

icity. 
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4. Empirical Analysis of Implied Volatilities 

The results of the previous studies suggest that implied volatilities 
from option prices contain information that is useful for forecasting future 
volatility, but implied volatilities alone are not unbiased or optimal 
predictors of future volatility. Information from stock returns, such as 
past volatility or GARCH models that use past variation, is also useful for 
forecasting future volatility. This evidence suggests the presence of a 
volatility risk premium, but one that is not too large in magnitude. Most 
of the research on implied volatilities has focused on stock markets. In 
this section I present some analysis of implied volatilities in foreign 
currency markets. At the end of the section I present some analysis of the 
term structure of volatility for stock index options and interest rate 
options. 

My data set for foreign currencies consists of actual volatilities and 
implied volatilities for exchange rates of the U.S. dollar with four curren- 
cies: the British pound, German mark, the Japanese yen, and the Swiss 
franc. Options on these exchange rates have been traded at the Philadelphia 
eschange since 1983. The implied volatilities have been calculated from at- 
the-money options that have three months to expiration. The volatilities 
are from the Black-Scholes model, modified for foreign currency options. 
Call options have been used for the German mark, the Japanese yen, and the 
Swiss franc because the interest rates on these currencies were lower than 
the U.S. interest rates during the sample period, and it would not have been 
optimal to exercise these calls early, Call options on the British pound 
were used when the British interest rates were lower than the U.S. rates, 
and where possible, put options were used when the British rates were 
higher. I/ The observations are quarterly and are taken from the third 
week of March, June, September, and December of each year from 1983 to 1989; 
The options expire during the third week of the expiration month. Each 
implied volatility, IV,, is matched with the actual volatility, Vt+l, over 
the subsequent three months. The actual volatility is calculated as the 
sample variance of the daily changes in the log of the exchange rate, and 
the numbers are annualized. The implied volatility for this analysis is the 
implied variance, instead of the ISD. Past volatilities, V,, are also 
included in the prediction equation: 

Et(Vi,t+l) = ai + biVit + cilVit . (39) 

If the implied volatilities are optimal predictors of future volatility, 
then ai = bi = 0 and ci = 1. I also run a test of ci = 0 to test whether 
implied volatilities are useful for forecasting future volatility. The 
regression equations have the following form: 

I/ The implied volatilities have been taken from joint research with Marc 
Chesney. Implied volatilities from a model that incorporates an analytic 
approximation for the American premium have also been used, and the results 
are virtually the same. 



- 25 - 

AVi.t*l = ai + biVit + Ci ( IVit-Vi,) + ei, I 

The regressions are specified in this manner to allow for a possible root on 
the unit circle in the volatility process, and to allow us to interpret the 
Rz of the regression as the percentage of the variation in volatility chang- 
es that is predictable from past information. 

The results of the regression analysis for the four exchange rates are 
presented in Tables 6 and 7. Graphs of the data are presented in 
Figures l-4. The solid lines in the graphs represent the ISD's and the 
boxes represent the actual standard deviations. An inspection of the graphs 
suggests that, excluding the Japanese yen, the ISD's do vary with the actual 
standard deviations. The first set of regression results in Table 6 is for 
single equation ordinary least squares. There is substantial correlation 
across the error terms of the equations. In the second half of that table, 
I present the results for the estimation of the entire system with seemingly 
unrelated regressions, SUR. There is one subtle econometric issue that 
requires discussion. The data for actual volatility are sample variances 
which contain sampling error: the sample variance is the actual variance 
over the three month period plus a measurement error. Under the null 
hypothesis that the implied volatility is the optimal predictor, the error 
term is a combination of the forecast error and a measurement error. Both 
of these should be uncorrelated with the implied volatility which is calcu- 
lated at the beginning of the period. Under the hypothesis that past vola- 
tility is also useful for forecasting, bi z 0, then the measurement error 
from Vit is included in the error term of the regression. There will be 
correlation between the error term and the right hand side variables and the 
error term will be a first order moving average. To handle this econometric 
problem one should use implied volatilities, IVit, and past volatilities 
lagged one period, Vi t-l, as instrumental variables and apply Hansen's 
generalized method of'moments, GMM. The results of the GMM estimation are 
presented in Table 7. Each equation is estimated separately, but all of the 
instruments are used for each equation to take advantage of the correlation 
across exchange rate volatility. I use a total of thirteen instrumental 
variables: a constant plUS Vi,t-1, IVit, and IVi,t-1 for each currency. 

The results from the first part of Table 6 appear to support the hy- 
pothesis that the implied volatilities are optimal predictors for three of 
the four currencies: the British pound, the German mark, and the Swiss 
franc. The coefficients on implied volatility for these currencies are all 
close to one. The coefficient for implied volatility in the Japanese 
equation is negative and not significantly different from zero. The F test 
for (ai=O, bi=O, Ci=l) indicates rejection for the Japanese yen, but not for 
the other three currencies. There is, however, substantial correlation 
across the error terms of these equations and the results do change when the 
equations are estimated as a system. The results for the system estimation 
are contained in the second half of Table 6. The coefficients on implied 
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Table 6. Implied Volatility Versus Actual Volatility 

AVi,t+l = ai + bi Vit + Ci (IVit-Vit) + eit 

Sample Period: 1983:III to 1989:111 T = 25 quarters 

A. Single Equation OLS 

a b C F Test R2 DW 

British Pound 
( 

German Mark 
( 

Japanese Yen 
c 

Swiss Franc 
( 

001781 -.02782 .9499 .46 .30 
006565) (.05137) (.4567) 
007550 -.08046 1.0858 2.79 .70 
005426) (.04410) (.2407) 
01745 -.1755 -.2209 4.68 .34 
00656) (.0647) (.3290) 
007285 -.05724 .9971 .61 .49 
007175) (.05838) (.3706) 

B. Seemingly Unrelated Least Squares 

a b C R2 

British Pound .003807 -.04179 .7013 .29 
(.004587) (.03550) (.2736) 

German Mark .01185 -.1117 7012 .66 
(.00380) (.0305) (:1513) 

Japanese Yen .01564 -.1574 -.1424 .34 
t.00512) (.04999) (.2606) 

Swiss Franc .01052 -.08392 6787 .48 
(.00468) (.03740) (:2087) 

1.86 

2.36 

2.35 

2.42 

DW 

1.91 

2.48 

2.40 

2.47 

Correlation Matrix 
British Pound 1 73 

'1 
-.13 .74 

German Mark .39 .85 
Japanese Yen 1 .46 
Swiss Franc 1 

Test of (ai=O, bi=O, Ci=l) x2(12) = 49.85 
Test of (Ci=O) x2(4) = 26.06 
Test of (ai=O, bi=O. Ci=l) x2(9) = 25.83 excluding Japan 
Ti~st Of (Ci=O) X2(3) = 24.15 excluding Japan 

NOTE : The numbers in parentheses are standard errors. 
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Table 7. Implied Volatility Versus Actual Volatility 

AVi,t+l = ai + bi Vit + ci (IVit-Vit) + eit 

GMM - Instrumentals Variables Estimation 

Sample Period: 1983:111 to 1989:111 T = 25 quarters 

x(3) 
a b C Test DW 

British Pound .001768 -.2198 5759 
(.001477) (.09151) (:3123) 

22.43 1.82 

German Mark .002338 -.2651 .9980 87.44 2.64 
(.000834) (.05175) (.1403) 

Japanese Yen .009619 -.8540 -.5333 463.47 2.81 
(.001070) (.06983) (.08734) 

Swiss Franc .004495 -.2871 .6873 16.65 2.55 
(.001364) (.09977) (.1979) 

Instruments: Constant, Vi t-l, IVit, and IVi t-l, i=l ,...,4 I , 
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volatility for the three European currencies are no longer close to one. In 
the system estimation, the tests for implied volatilities as optimal predic- 
tors are rejected at low marginal significance levels, but the hypothesis 
that implied volatilities provide no information, ci=O, is also rejected by 
the data. When the correlation across volatility shocks is considered, the 
implied volatilities alone are not optimal predictors, but a combination of 
implied volatilities and past volatilities are useful for forecasting future 
volatility. The results from Table 7 for the GMM estimation are similar to 
the results for the system estimation. The hypothesis that implied volatil- 
ities are optimal predictors is rejected, but the implied volatilities are 
useful for forecasting future volatility. It is interesting to note that 
Black's method for forecasting volatility included implied volatility, past 
volatility, and consideration of the market effect. The regression analysis 
suggests that a similar approach would be useful in foreign currency mar- 
kets. 

In Table 8, I present some calculations of ISD's across different 
maturities for the S&P 500 index options, the S&P 100 index options, Trea- 
sury bond futures options, and Eurodollar futures options. The number of 
observations is limited, but an attempt has been made to find examples of 
upward and downward sloping term structures for volatility. During the 
month of July 1991, the term structure of volatility was upward sloping in 
the stock index options market and in the interest rates options market. 
For both of these markets, volatilities were below long run averages. 
Downward sloping term structures are less common. One week after the stock 
market crash of October 1987, volatility in the U.S. stock market, as 
implied in the S&P 100 options, was approximately three times greater than 
the level from earlier in the month. By historical standards, volatility 
was incredibly high and it did decrease gradually over the subsequent six 
months, but the term structure of volatility on October 27, 1987, was upward 
sloping: 61.9 percent for November, 65.6 percent for December, and 77.5 
percent for January of 1988. There are several possible explanations. One 
is that the market overreacted to the dramatic volatility shock. or that the 
options market did not have any confidence that security markets would 
stabilize over the next three months. Alternatively, a significant negative 
risk premium on volatility would have generated these numbers even if the 
market had anticipated a gradual decline in volatility. A downward sloping 
term structure of volatility was observed in this market in January of 1988. 
The bond markets also experienced a volatility shock during October of 1987: 
volatility increased to high levels by historical standards, but the shock 
was not as dramatic as in the stock market. On October 27, 1987, the term 
structure of volatility was downward sloping for options on Treasury bond 
futures and options on Eurodollar futures. Many of the volatility term 
structures are relatively flat which suggests that the risk adjusted -vola- 
tility process used in pricing options is close to a random walk. 
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Table 8. Summary of Implied Volatilities 
Selected Days 

S&P 500 Index Options (European) 

Jan. 22, 1991: Feb. 
20.9% 

July 25, 1991: Aug. 
14.3 

S&P 100 Index ODtions 
Nov. 

Oct. 8, 1987: 20.2 
Oct. 27, 1987: 61.9 

Jan. 19, 1988: Mar. 
39.4 

Sept. 22, 1988: Nov. 
17.5 

Jan. 22, 1991: Mar. 
21.2 

Treasury Bond Futures Options 

Oct. 27, 1987: Dec. 
22.2 

June 8, 1989: Sept 
10.4 

July 15, 1991: Sept. 
7.8 

Mar. 
21.4% 

Sept 
15.7 

Dec. 
20.4 
65.6 

June 
35.1 

Dec. 
17.7 

April 
23.7 

Mar. 
20.2 

Dec. 
10.2 

Dec. 
8.3 

Eurodollar Futures ODtions (ISD for Futures Rate) 

Oct. 27, 1987: 

June 8, 1989: 

July 15, 1991: 

Dec. Mar. June 
36.4 37.6 31.9 

Sept Dec. 
20.7' 20.8 

Set. Dec. Mar 92 
11.4 14.6 14.7 

June 
21.8% 

Dec. Dee 93 
17.1 19.8 

Jan 88 

77.5 

Dee 92 
20.9 

June 
17.4 

Mar. 
10.2 
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IV. Summary and Conclusions 

The relationship between expectations and prices in futures and options 
markets should be interpreted carefully. Futures and forward prices are 
prices for future delivery, and these markets make it possible for individu- 
als to hedge price risk. When individuals use futures and forward markets 
to hedge, they really transfer the price risk to someone else, and there 
should be some form of compensation for those who absorb the risk. As a 
result, risk premia are built into the prices so that the price is a combi- 
nation of the expected future price and a risk premium. In section I, it 
was demonstrated by arbitrage methods that futures and forward prices should 
be functions of current spot prices and interest rates. Any direct connec- 
tion between these prices and expected future spot prices is purely coinci- 
dental. Futures and forward prices are, however, affected by expectations 
through the current spot price which is determined by expectations. Several 
examples of actual prices for stock index futures, Treasury bond futures, 
and forward foreign exchange were examined, and in all cases the prices were 
very close to the prices predicted by the arbitrage models. Prices in 
futures and forward markets do not reveal any additional information on 
market expectations that is not already revealed in spot prices. In foreign 
exchange markets, forward rates are very poor predictors of future changes 
in the exchange rates. 

It is possible that implied volatilities computed from option prices 
may reflect market expectations of future volatility in the spot market. 
The popular model for computing implied volatilities is the Black-Scholes 
model, and it was demonstrated in section III that this model with expected 
volatility can be interpreted as a first order approximation for a more 
complex model that allows the volatility to change randomly. Risk premia 
may also influence the implied volatilities computed from option prices: 
the correct first order approximation is the Black-Scholes model with 
expected volatility computed from the risk adjusted volatility process. 
Previous empirical studies of implied volatilities were reviewed in 
Section III and some new evidence for foreign exchange rates was presented. 
The results of the empirical studies suggest that implied volatilities are 
useful for forecasting future volatility, but implied volatilities alone are 
not optimal predictors. A combination of implied volatilities, past volati- 
lities, and the market factor in volatility appear to be useful in forecast- 
ing future volatility. The empirical analysis supports the notion of a 
volatility risk premium, but not one that is large enough to completely 
break the linkage between implied volatilities in option prices and expecta- 
tions of future volatility in the spot market. 
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