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The volatility implied by options on future contracts is defined as that standard de-
viation which equates the theoretical Black (1978) option pricing formula to the

observed option price. The measure is valuable as an ex ante predictor of futures price
variance, and a substantial body of literature has found that this implied volatility (IV) is
a more efficient predictor of option prices than historical volatility measures (Park and
Sears (1985); Jordan (1987); Latane and Rendleman (1976); Chiras and Manaster (1978);
Beckers (1981); and Hauser and Neff (1985)). Implied volatilities are of particular value
to hedgers and commodity analysts in providing anticipatory futures price changes, but
are also of value to researchers studying market efficiency (e.g., Trippi (1977);
Schmalansee and Trippi (1978); Beckers (1981); Park and Sears (1985); Hauser and Neff
(1985); Chiras and Manaster (1978); Latane and Rendleman (1976); Whaley (1982); and
Day and Lewis (1988)).

The use of implied volatilities is, however, hampered by tbe fact that there are many
options written on a single futures contract (referred to as a class) and sometimes sub-
stantial differences in their implied volatilities. For an analyst or hedger a single mea-
sure of the implied volatility for purposes of prediction and evaluation is ideal. Four
approaches to finding this measure are evaluated in this article. The first uses a simple
average of the implied volatilities (Trippi (1977) and Schmalansee and Trippi (1978)),
the second uses the IV of the option nearest to. or at the money (Beckers (1981)), the
third weights the implied volatilities by the partial derivative of the option price with re-
spect to the standard deviation (Latane and Rendleman (1976)) and the fourth weights
the implied volatilities by the elasticity of the option price with respect to its standard
deviation (Chiras and Manaster (1978))'.

The purpose of this article is to determine which of the above methods, when used in
tbe Black (1978) formula, most closely approximates observed put option premia on
soybeans and live cattle futures. The article differentiates itself from previous research
in that no study has compared the predicted and actual option premiums using all four
methods on the same data set.
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Day and Lewis (1988)).
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METHOD
The study first calculates the volatilities implied by put options prices on soybeans and
live cattle futures. Soybean and live cattle options are used for two reasons. First, the
underlying futures contracts are actively traded in high volume and second, soybeans
and live cattle are representative of storable and nonstorable commodities. For each op-
tion elass a single valued implied volatility is determined according to the four methods
outlined in the introduction. These single valued volatilities are referred to, generically,
as weighted implied volatilities (WIV). The WlV's are then substituted into the Black
(1978) option pricing formula to estimate the option price (P). The methods employed
are discussed in this section.

Put option prices, (P), on futures contracts are, according to Black's (1978) model
(for a European put), a function of the current futures price (F), the strike price (5), the
riskless interest rate (r), time to expiration (7"), and the instantaneous standard deviation
of the percentage changes in futures prices (v) and is notated as

P = iF,S,r,T,v). (1)

Specifics of the European option formula are discussed by Black (1978), Merton
(1973), Asay (1982), Wolf (1984) and others. (Barone-Adesi and Whaley (1987) provide
a solution procedure for American options but find little difference in their premiums to
European option formulas.) For any given option, F, S, r, and T are directly observable.
However, v is not observed and has to be empirically estimated. Estimates can be ob-
tained by taking the variance of the log change in futures prices but past researcb fmds
that these estimates do not perform well with the Black (1978) or Black and Scholes
(1973) model. Accordingly researchers and commodity analysts calculate v directly from
the option formula using an iterative numerical procedure. In this study implied volatili-
ties are calculated using the Newton-Raphson method {Manaster and Koehler (1982))
and a polynomial approximation to the cumulative normal density function. IVs are
generated for each option written on each futures contracts from January 1987 through
December 1988.

To develop single-valued WIV's for options in each class four methods are employed.
The first applies equal weight to all of K options in each class. This is termed the aver-
age implied volatility (AVEIV) (Trippi (1977) and Schmalansee and Trippi (1978)),

AVEIV = ^VJK (2)

The second method uses the IV of the option nearest to, or at, the money (ATIV)
(Beckers (1981)). This method assumes that most trading takes place with at-the-money
options and therefore places zero weight on options which are in or out of money.

The third method, (DERIV), uses a weighting scheme based on the derivative of the
option pricing formula (eq. 1) with respect to its standard deviation, P,, (Latane and
Rendleman (1976)),

DERIV = (yv^Pl\'"/(^Pl\''\ (3)

Latane and Rendleman (1976) argue that this method puts less weight on options within
each class which are less sensitive to a precise specification of the market's underlying
expectation of the standard deviation. Thus, use of this weighting scheme tends to place
proportionally more weight on options at-the-money than options in or out of the money.
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The fourth metbod, (ELIV), uses a weigbting scheme based on tbe elasticity of
the option pricing formula with respect to its standard deviation, (W)(Chiras and
Manaster (1978)),

ELiw ^^wyj^w,, (4)

where W, equals P^^iVjP,). Chiras and Manaster (1978) argue that rational investors are
more concerned with the relative percentage change in tbe option price relative to its
standard deviation, ratber than the absolute change implied by Latane and Rendleman's
(1976) method.

These four methods are not without criticism. Whaley (1982) levels the general criti-
cism that the implied volatilities are accurate only in-so-far as the option model is cor-
rectly specified and these explicit measures fail to reflect the early exercise feature of
American options and, for stock options, the dividend yields. The AVEIV is criticized
because it puts equal weight on all options in a class without considering the relative im-
portance of options which are in and out of the money. The use of ATIV can be criti-
cized because the information content of options in or out of the money are lost. Day
and Lewis (1988) criticize the DERIV and ELIV approaches because the former places
more weight on IVs at-the-money while the latter places more weight on options out of
the money.

Despite these criticisms examining the ex ante performance of the WlV's is impor-
tant. Clearly each method biases in one way or another the option price. This study de-
termines which method provides the minimum ex ante prediction error.

Soybean and live cattle data are compiled from the options and futures tapes of the
Chicago Mercantile Exchange from January 9, 1987 through December 30, 1988. Inter-
est rates are calculated as the annualized returns refiected in the nearby U.S. 90 day
T-Bill futures. Tbe IVs for each option are estimated to within a $.0001 tolerance level
of the actual put option price. WIVs are calculated for each class of options according
to tbe four methods described above. These volatility measures are used to estimate
same day premiums, and predict I, 7, 21, and 60 day ahead premiums. Tbe estimated
forecast premiums are ex ante witb respect to the volatilities only. The interest rates, fu-
tures prices and strike prices are all ex post measures.

To determine which of the four WIVs is the best ex ante predictor several measures
are reported in this study including the mean prediction error (actual-predicted), the per-
centage error, and tbe standard deviation of the prediction error. These measures are re-
ported for the total time period used, as well as control checks using the periods before
and after the 1988 drought (May 2, 1988).

It is anticipated tbat tbe prediction error is strongly related to the difference in the
WIV relative to the actual IV, and from tbe literature cited, whether or not tbe option is
in or out of the money. Thus the errors associated with AVEIV and ELIV are expected
to be more closely related to eacb otber than ATIV and DERIV.

To examine the ex ante predictive power of the various WIVs the following regres-
sion, with the intercept suppressed is run;

{P^ - P^) = B,(IV,. - WIV) + fijDlN + B3DOUT + e, , (5)

where /*, is the actual premium, Pj is the premium estimated using the WIVs, DIN is a
dummy variable with a value 1 if the option is in the money and 0 otherwise, DOUT is
a dummy variable witb value 1 if tbe option is out of the money and zero otherwise, and
e is the residual error term. The purpose of (5) is two fold. First B, measures how much
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of the error in the estimate is due to the weighting method used and second, S, and By
measure the degree by which the option is in, or out of, the money contribute to the pre-
diction errors.

RESULTS

Summary Statistics

Table I summarizes the means and standard deviations (for the same day forecast) of the
WIV's over the entire period of analysis and the pre and post drought periods.^ General
results over the total period for live cattle indicate the WIV averages are very similar.
The smallest WIV is attributed to ATIV with a value of .1441 on average. However, the
least variable WIV is AVEIV with a mean of .1540 and a standard deviation of .0235.
The lowest WIV for soybeans is ATIV with an average WIV of .1634. ATIV also ex-
hibits the lowest standard deviation which is .0312.

There are substantial differences between soybeans and live cattle WIV's. Soybean
volatility is consistently higher than live cattle volatility and the standard deviations are
also higher. This relationship also holds for the pre and post drought control periods,
with the sole exception being that the standard deviation of DERIV for the drought pe-
riod is lower than the corresponding live cattle standard deviation.

The results in Table I provide information as to the relative WIV measures. Consis-
tently ELIV gives the highest value, followed by AVEIV, DERIV, and ATIV. It should
be noted that the mean WIV for AVEIV is also the average (unweighted) mean volatility

'Pre and Post dnjught periods are selected as a convenieni way lo check for the robustness of the results
over two easily identifiable subperiods. the results are not intended to reflect an analysis of options ur volatili-
ties under drought conditions, although such an investigation would be fruitful.

Table I
WEIGHTED IMPLIED VOLATILITIES FOR SOYBEANS AND LIVE CATTLE'

Observations AVEIV ATIV DERIV ELIV

Soybeans 17488

Live Cattle 20199

Soybeans 10337

Live Cattle 13828

Soybeans 7151

Live Cattle 6371

'Standard deviations in parenthesis.
'The pre drought period covers the period from January 9. 1987 to May 2. 1988. whereas the posi

period covers the period from May 3. 1988 to Decemher 30. 1988.
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Total Penod
.1800
(.0398)
.1540
(.0235)
Predrought"
.1845
(.0397)
.1546
(.0240)
Post Drought"
.1735
(.0391)
.1528
(.0223)

.1634
(.0312)
.1448
(.0244)

.1732
(.0304)
.1482
(.0242)

.1492
(.0267)
.1375
(.0233)

.1670
(.0343)
.1480
(.0272)

.1761
(.0365)
.1501
(.0243)

.1539
(.0255)
.1434
(.0323)

.1857
(.0428)
.1578
(.0254)

.1888
(.0417)
.1571
(.0255)

.1814
(.0440)
.1596
(.0248)



measure (IV) of the total sample. Thus, ELIV as a weigbted volatility measure is consis-
tently greater tban the average IV, whereas ATIV and DHRIV are less.^

Tbe weigbted implied volatilities, averaged by contract month, over tbe sample period
are presented in Table II. Tbe results indicate tbat the same relationship between tbe
WIVs hold. Namely, that for both soybeans and live cattle, AVEIV and ELIV consis-
tently provide higher volatility estimates than ATIV and DERIV. For example, the

Â useful extension of this analysis would be to characterize the distribution of implied volatilities based
upon the degree of moneyness. Tliat is, are implied volatilities significantly different between options which
are in, or out of the money? This could explain part of the differences in the WIVs presented in Table I.

Table II
MEAN WEIGHTED IMPLIED VOLATILITIES FOR SOYBEANS AND LIVE CATTLE,

BY CONTRACT MONTH'

Month

Jan

Mar

Apr

May

Aug

Sep

Oct

Nov

Feb

Apr

June

Aug

Oct

Dec

Number
of

Observations

2,408

2,580

2,142

1,837

2,546

2,024

2,040

1,911

3,663

3,737

3,558

3,633

2,766

2,825

AVEIV

Soybeans
.1780

(.0357)
.1829

(.0309)
.1972

(.0452)
.1770

(.0256)
.1815

(.(H69)
.1757

(.0320)
.1778

(.0569)
.1676

(.0269)
Live Cattle'

.1539
(.0258)
.1572

(.0250)
.1567

(.0235)
.1544

(.0165)
.1504

(.0242)
.1499

(.0242)

ATIV

.1646
(.0349)
.1737

(.0289)
.1788

(.0304)
.1674

(.0252)
.1617

(.0237)
.1582

(.0227)
.1529

(.0328)
.1458

(.0350)
>

.1454
(.0276)
.1497

(.0265)
.1480

(.0232)
.1426

(.0211)
.1416

(.0214)
.1397

(.0236)

DERIV

.1675
(.0344)
.1769

(.0290)
.1822

(.0287)
.1706

(.0290)
.1650

(.0259)
.1614

(.0223)
.1587

(.0533)
.1503

(.0338)

.1482
(.0277)
.1521

(.0260)
.1507

(.0229)
.1455

(.0194)
.1478

(.0417)
.1425

(.0234)

ELIV

.1843
(.0386)
.1865

(.0320)
.2030

(.0544)
.1822

(.0262)
.1881

(.0523)
.1814

(.0366)
.1841

(.0536)
.1740

(.0289)

.1565
(.0244)
.1604

(.0257)
.1613

(.0259)
.1588

(.0231)
.1543

(.0255)
.1543

(.0262)

'Standard deviations in parenthesis.
"17 observations on September live cattle are not reported.
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WIV's for January soybeans futures are .178, .165, .168, and .184 for AVEIV, ATIV,
DERIV, and ELIV, respectively. Likewise the values for February live cattle are .154,
.145, .148, and .157. These results are consistent with model expectations since average
volatilities and elasticity weighted volatilities apply more weight to options in and out of
the money than near-the-money or derivative weighted volatility measures. This fact has
important implications for the ex ante prediction power of the volatilities. Is the market
information implied by option premiums reflected mostly by options nearest, or at the
money, or is additional information provided by options in and out-of-the-money? In the
following sections the WIV's are used as ex ante variance measures in predicting option
premiums. The WIV which minimizes the mean prediction error could, therefore, be
considered as that which best reflects the markets' perception of future price movements.

Tables III through VI summarize the differences between actual put premiums and the
ex ante estimates using the WIV's. Negative elements in these tables indicate that the
actual put premium is overestimated. For both soybeans and live cattle the mean predic-
tion errors are small for all of the forecasts considered (Table III). However, they are not
statistically different from zero. As the forecast period increases, so does the variance.
This result is expected. For example, the mean error for the soybean same-day predic-
tion using AVEIV is —4.86 cents with a standaard deviation of .1475 cents. The % enor
is only 3.17. For the 60 day forecast the mean prediction error is —3.15 cents (3.39%)
but the standard deviation is more than doubled to .3076 cents.

The results in Tables II through VI indicate a general (but not wholly consistent) re-
sult that AVEIV and ELIV measures have a tendency to overestimate the actual premi-
ums (the prediction errors are negative) whereas ATIV and DERIV tend to under-
estimate the premiums. This generality holds for both the pre drought and drought peri-
ods (Tables IV and V) and across contract months (Table VI).

There are also differences in the mean prediction errors of the pre drought and
drought periods. The tendency in Tables IV and V is for the mean prediction error, %
error, and standard deviation to be larger in the drought period. For example, the % er-
rors in the predrought period for the 60 day forecasts are 3.90%, 4.76%, 3.98%. and
4.34% for AVIV, ATIV. DERIV, and ELIV. respectively. The corresponding values for
the post-drought period are, in contrast, 10.1%, 6.84%, 8.49%, and 11.44%. This result
is expected, but a direct relationship between these differences and the WIV's cannot be
deemed conclusive.

The prediction errors associated with the 7 day forecast are presented in Table VI.
with the sole exceptions of the May soybean and October live cattle contracts the predic-
tion errors associated with the DERIV are smallest. Indeed, other than these exceptions
the % errors are less than 1%. This contrasts with ranges of 1.26-5.34%. .24-3.01%,
and 2.36-8.56% for soybean AVIV, ATIV, and ELIV % errors, respectively. Similarly,
the ranges for live cattle are respectively 2.01-3.33%, .68-2.04%, and 3.44-5.91%.

The results in Tables III through VI provide an indication as to which volatility mea-
sure is best. In terms of the % prediction error, the derivative weighted implied volatility
appears to be best since in most cases the mean prediction error is less than 1%.
Strengthening this conclusion is the fact that the % prediction error is mostly below 1%
for both the pre drought and post drought period and across most contract months. In
contrast, the remaining WIV measures show relatively higher % errors.

The results imply that the DERIV measure best captures the underlying behaviorial
characteristics of the put options. These results are in contrast to Becker's (1981) conclu-
sions that ATIV out performs DERIV (for stock options). However, it is also evident
that using the ATIV is quite accurate. The explicit characteristic considered is that the
option premia is positively related with its volatility. Thus, an anticipated increase in the
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volatility implies a marginal increase in the option price. Weighting the implied volatili-
ties by this derivative appears to capture this effect. The practical implication of this re-
sult is that hedgers. researchers, and market analysts may fare well by using the deriva-
tive weighted implied volatility to estimate put premiums.*

Regression Results

The results reported above indicate significant differences In the four WIV measures.
These differences may accentuate prediction erTors. However, an alternative (and joint)
hypothesis is that the prediction erTors are related to whether or not the actual option ob-
servation is in or out of the money. Given that most criticisms of the various measures
are related to this point, it is important that the resulting degree of prediction error be
measured. Equation (5), in its estimated form, is intended to examine the degree by
which the WIV's. and whether or not the actual option was in or out of the money, af-
fects the prediction error.

The results of regression (5) are presented in this section for soybeans and live cattle.
The regressions for live cattle are presented as eq. 6 with t statistics in parenthesis and
soybean results are presented as eq. 7. The regressions are estimated using all observa-
tions of the same day forecasts.

AVDIF = 5.1901 (IV-AVIV) - .0526 DIN - .0358 DOUT. F = 10142
(150.918) (-51.95) (-57.95) (6(a))

ATDIF = 1.393 (IV-ATIV) + .0133 DIN + .0221 DOUT. F = 4818
(73.33) (19.70) (48.49)

DERDIF = 4.1800 (IV-DERIV - .0213 DIN - .0193 DOUT. F = 6320
(136.30) (17.35) (-24.38)

ELDIF = 7.486 (IV-ELIV) - .0673 DIN - .0394 [X)UT. F = 18276
(197.34) (-53.99) (-51.98)

The dependent variables in (6) are the difference between the actual and estimated put
option premiums for live cattle. The prefixes correspond to the type of WIV used. A
positive coefficient implies that d(P - P) is positive which implies that the predicted
premium is decreasing relative to the actual premium. Similarly, a negative coefficient
estimate implies that the predicted premium is increasing relative to the actual premium.
The variable (IV-WIV) is the difference between the actual implied volatility and the
weighted implied volatility. The estimated coefficient is positive for each of the WIV
measures. This implies that an increase in the difference between IV and WIV decreases
P, the predicted value. The net effect is that an Increase in (IV-WIV) increases the pre-
diction erTor. This, in itself, is somewhat of a tautology; however, the important result is
the relative values across the different methods. The AVIV and ELIV measures tend to
have the greatest effect on the dependent variable with coefficients of 5.19 and 7.49 re-
spectively. That is. for example, a 1 percent difference in the AVIV volatility measures
increases the prediction error by 5.19 percent. The ATDIF and DERDIF prediction er-
rors are less affected by the IV differential (1.39 and 4.18, respectively) thus implying
that obtaining WIV's from these methods provides the least prediction eiTor.

*Although solving a slightly different problem, Whaley (1982) states that his implicit method yields "more
accurate estimates of subsequent realized volaiilily than the weighted average methods (p. 57)." (AVIV.
DERIV. and ELIV). The results, however, are nol reported.
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The effect due to whether or not the option is in or out of the money are represented
by the coefficients on DIN and DOUT. A negative sign on the dummy variables implies
that the prediction error decreases. This implies that the predicted value is an overesti-
mate of the actual value. Similarly a positive sign implies an underestimate. The results
indicate that for AVIV, DERIV, and ELIV the premium is overestimated and for ATIV
it is underestimated when the option is both in and out of the money. The relative mag-
nitudes of the coefficients indicate that the prediction error due to moneyness is greatest
for AVDIF and ELDIF and the least for ATDIF and DERDIF.

The regression results for soybeans are presented as eq. (7).

AVDIF = 2.3457 (IV-AVIV) - .0792 DIN - .406 DOUT, F = 4288
(93.79) (-39.73) (-40.56) (7(b))

ATDIF = .2917 (IV-ATIV) + .0011 DIN + .0289 DOUT. F = 1050
(23.32) (1.99) (29.84) (7(b))

DERDIF = .5675 (IV-DERIV) - .0234 DIN + .0044 DOUT, F = 474
(31.68) (-13.41) (4.55) (7(c))

ELDIF = 3.1626 (IV-ELIV) - .1049 DIN - .0538 DOUT, F = 7046
(115.59) (-45.17) (-46.55) (7(d))

The results for soybeans are similar to live cattle results. Differences between IV and,
AVIV and ELIV contribute most to the error in premium estimates while ATIV and
DERIV contribute the least. AVIV and ELIV overestimate the premiums for options
both in and out of the money. ATIV tends to underestimate the premiums when options
are in and out of the money; whereas, DERIV tends to underestimate options out of the
money and over estimates options in the money. The results imply that, the derivative,
and nearest-the-money weighted volatilities are least sentive to the options which are in
or out of the money.' The evidence supports the use of DERIV as the primary method
for evaluating put options on soybean futures (although using ATIV also provides a
fairly good estimate).

CONCLUSIONS

The volatility of futures price movements is an important measure for hedgers, market
analysts, and researchers. It provides an ex ante estimate of the market's perception of
the f"utures price variance. Past research shows that the implied volatility is a better
ex ante predictor of variance than historical data when options are valued with the Black
(1978), or Black-Scholes (1973), option pricing models. However, past studies also note
that options written on a single futures contract often have different valued implied
volatilities. In response to this problem, various methods to weigbt the implied volatili-
ties into a single valued, weighted implied volatility are propwsed in the literature. Four
of these methods are evaluated in this article with the purpose of determining which
method provides the best ex ante estimates of premiums on soybean and live cattle put
options. The methods evaluated are: an average of the IVs; giving full weight to options
nearest, or at, the money; weighting the IVs by the derivative of the put option price

*The robustness of the regression results are examined relative to the pre and post drought periods, as well
as by contract month over the entire period. Because there are not substantive differences in the conclusions
the results are not reported here. However, Ihe integrity of the regression results presented, are proved to be
very robust.
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with respect to it's standard deviation; and weighting the IVs by the elasticity of the op-
tion price with respect to its standard deviation.

The results show that weighting the implied volatities by the derivative of the option
provided ex ante predictions which are on average, better than the other measures. This
conclusion is reached by examining sample means but is supported by regression results
which show that prediction errors for options in and out-of-the-money are also relatively
low. This conclusion provides a strong recommendation for volatility measurement by
hedgers, analysts, and researchers who routinely predict option prices using Black's op-
tion pricing model on commodity futures.
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