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tural futures has been conducted by academicians during the past six
-These studies have focused on forecasting variance (e.g., Hauser and
n), explaining variance behavior (e.g., Kenyon et al.), measuring

in implied volatility and premiums (e.g., Wilson, Fung, and Ricks),
tifying alternative valuation models (e.g., Choi and Longstaff).

nsider two fundamental questions: (1) Why are we concerned about how
are priced? (2) How should we evaluate the pricing models and/or

s to question #1 and, of course, the "best" answer depends on the
of the study. However, a short and incomplete list of reasons for
valuation models and their Premium or IV characteristics may

a) Since a well known "externality" of an options market is an
estimate of the market's variance forecast, then it behooves us to
understand the derivation of the forecast and the factors affecting
it.

perhaps be evaluated better in both explanatory and Prescriptive
terms if we understand the valuation process.

- (c) Evaluation of Pricing or market "efficiency" is of interest to
regulators as well as industry participants.

(d) Given that the option market is now a fairly large and viable part
of the commodity marketing sector, knowledge and information about
the market is in itself of value to teachers, researchers, and
extension personnel.

Methods of evaluation (question #2) have taken various forms,

ression models have been developed to explain IV behavior (e.g., Hauser
eff), historical variance behavior (e.g., Kenyon et al.), and

ferences between a model premium and the market premium (e.g., Wilson,

& and Ricks). Variance forecasts and IV's have been compared to realized

Eales et al.), and some studies have focused on forecasting

S or premiums (e.g., Jordon et al.). Finally, analyses of Price

- To our knowledge, however, very little work involving agricultural
tures options has assessed valuation models, underlying assumptions, or
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Trippi, and Whaley.) The Justification and methodology for this type of
evaluation is usually derived from the theoretical foundation on which most
valuation models are based. 1In theory, the option and underlying commod ty |
can be continuously and simultaneously traded in a manner which creates 4 .

risk-free portfolio. The equilibrium price of this portfolio is the risk- §
free rate of return, and since the portfolio can be Priced, the equilibriy,
value of the option can also be found. If this option price is "correctn
and if the market uses it then, by definition. the process of riskless 4
hedging should make it possible either to buy or sell a portfolio Yielding °
the risk-free rate of return, 1

Riskless hedging simulations have been used often in the finance E
literature to test the “efficiency" of an options market, Theoretically, if
a4 market is efficient, then the appropriate rate of return will be generateq
from the simulation, However, an underlying assumption of the test is that
the valuation model used to determine hedging ratios is the "best" model,
Assume, for instance, that the market makes adjustments to the Black-ScholesE
model which improves its Pricing performance and consequently changes the 4
true arbitrage OPportunities, The hedging simulations based on signals from
the Black-Scholes model may imply that the market ig yielding a return which
is below equilibrium, Perhaps, however, the use of the correctly adjusted ]
model would yield the equilibrium return. Thus, a test of this type can be ;
thought of as a Joint test which considers both the efficiency of a market
as well as the Performance of 5 valuation model . '

There are three objectives of the Present analysis. The first
objective is simply to illustrate an application of the simulation process
described above. As mentioned earlier, this type of analysis is commonly
used in the finance literature, but has been ignored for the most part in
studies involving options on agricultural futures, It jg hoped that the
Present illustration will provide insights to some of the benefits as well
as drawbacks of the methodology. The second objective is to evaluate the
performance of alternative valuation techniques for live cattle options, ]
The techniques are all based on the Black Pricing model, but differ in terms
of the variance forecast used ip the model. The final objective is to 1
identify efficiency characteristics of the live-cattle options market.

Procedures and Data
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ility forecast by at least 5%. 1f the IV

lity estimate by 5%, then the option is
to be over- (under-) Priced. If over- (under-) Priced, a short

osition in one option contract is established, and a long (short)

derlying futures is taken, where h is
hedge ratio, or delta, defined by:

h = §C/6F = e-Tt dq)
d1 = [In (F/X) + o2t/2] ;" gtl/2

8°C is the call premium, F is the » T 1s the annualized

ree" rate of return, t ig time to maturity in years, N(e) is the
itive normal density function, and o2 is our forecast of the

taneous variance. A pey delta was calculated daily based on updated
of futures Price, time to maturity, and volatility forecast,

futures price

» the June near-the-money

is 6% less than the
sted volatility. The resulting hedge ratio from eéquation 1 is .5,

2 long position in one contract of the option and.a short position in
tures contracts are established. On the next day, February 6, the

is still estimated to be undervalued, but the hedge ratio changes to
nd thus an additional short position of .1 futures is obtained, On
uary 7, the IV and volatility forecast are such that the option is now
€ ,» and the hedge ratio is % therefore, the option
tion is changed from one long to one short, and the futures position is

ged from -.6 to 4. On February 8, the IV is within 5% of our forecast,
So all positions are liquidated,

The search for mispriced options
iNs again on February 9,

The daily net returns of the portfolio are calculated as either.

Bu = Cee1 - Cp - dp (Fpyq - Fe) - BF - oc

Ro = d¢ (Fpyp - F¢) -

The option and
ormation Bulletj published

Closing futures and option prices were




Table 1. OLS Results of Regressing Variance on
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variance seasonality for livestock futures (Anderson, Kenyon et al.),
Monthly volatilities were computed for the February, June, and October
cattle contracts from 1966 through 1984, The volatilities, averaged by
month and contract, are shown in Figures 1 and 2 for 1977-84 and 1966-84
respectively. For both time periods, the average volatility tends to
decrease from March through May, increase sharply in June, fall through i3
August, and then increase or decrease from month to month depending on the °
contract. The averages for the 1977-84 period are used here to calculate 4
average percentage change from month to month by contract. This index is

to the 1966-84 period, would better represent the volatility behavior of thé
1984-87 simulation period.

The third forecast model can be described as:
Vt - f(Hvtv APt)’

where V. is the forecast made on day t, HVy is the historical volatility 4
based on the last 21 trading days, and APy is the average futures price over
the last 21 trading days. In other words, this model ig based on the f
hypothesis_that future variance ig a function of recent variance and price

Presented in Table 1. As éxpected, a positive serial dependence between |
volatilities is found. However, the positive effect of pPast price level on E
volatility is inconsistent with the negative price/volatility relationship
found by Kenyon et. al. The R2's, ranging from .54 to .64, do not suggest
that these are reliable predictive models,

Past Variance and Price Level”

Live Qagglg'ﬁgtu;gg Contract
Feb June Oct

Intercept 3.3 3.0 0.8
Historical _

Variance 0.69 0.68 0.72
Price Level 0.06 0.06 0.09
R? .59 .54 < .64
M-test

t ratio -1.4 -1.1 0.21

" All coefficients are significant at the .01 level. One observation per 21
days is used during 1966-84.
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- Figure 1, Average Monthly Volatilities

(1977-1984)
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The final two variance "forecasts" are estimates of subsequent reg
or observed Variances. The Purpose of using the "tryen variance as the E
forecast ig to provide an evaluation standard in termg of the profits which ¢
could be obtained through riskless hedging if the Predicted volatility 3
equals the realized volatility, One forecast is based on the subsequent 213
trading days’ Prices, while the other is based on ‘the prices during the ]
option’s 1ljife.

Table 2 Presents the average daily portfolio returns, before ang after
Costs, by contract ang volatility forecast. First consider the returns 4
simulated under the two known or "realized" variance Scenarios. When using -
the 21-day realized variance (21RV) as the forecast, the before- and after-}
Cost returns are Positive for every contract éxcept the 10/87 contract., The
before-cost average daily return across all seven contracts is $13.19; the
average after-cost Teturn is $9.62. When using the constant variance
I realized over the option’s life (CRV), negative before- and after-cost L
Jfg returns are generated for four of the contracts, while positive returns are
I | geénerated for three contracts. Over all contracts, the average after-cost
i return under the CRy forecast is §0.93.

il The 21RV results suggest that riskless hedging Profits are possible jf °
' "good" short-term forecasts of variance can be made, The simulated pProfit
levels, however, vary considerably by contract, This variation can be E
caused by many factors, First, the degree of mispricing relative to Black’sg
IV may vary in terms of the number of days during which the option is found

distribution assumption, price jumps, or for many other reasons; thus, even
if correct volatilities are Predicted, their use in a riskless hedging
simulation may not generate Profits, Third, assuming Black’s model is

As with any price-efficiency, the "best" forecast can never be defined,
and efficiency conclusions are never absolute, However, comparisons of the
returns under the 21RV forecast with the other returns provide some
interesting efficiency and methodological implications. Examination of the

to the CRv, However, it ig Suggested here that correct forecasts of non-
constant Variance, even if only for the nearby variance behavior, wilj
likely lead to Profitable arbitrage,
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~Average Daily Returns Before and After Costs in Dollars.

Contract
6/85 2/86 6/86 10/86 2/87 6/87 10/87
20.,49¢ 19.23 9.33 13.99 22.57 6.83 -0.08
16.68 15.16 6.38 11.03 17.71 4.96 -4.06
98 38 92 83 84 124 121
-1.00 -12.80 -0.68 4,28 29.85 12.88 -4.49
-5.11 -14.25 -1.67 2.17 ° 23.70 10.78 -9.11
94 38 86 76 44 96 81
4.74 -5.64 3.08 -13.52 -0.50 12.82 0.68
2.53 -9.64 -0.27 -15.88 -5.01 10.06 -1.72
129 48 84 78 75 101 128
0.35 6.10 2.27 12.46 -1.46 6.62 4.52
-3.16 2.16 -3.99 8.01 -7.78 4.62 0.07
131 50 64 71 58 122 93
8.45 -6.83 5.66 5.70 6.89 12.88 -0.11
4.11 -13.27 -0.22 © 2.74 2.80 10.78 -2.90 .
106 56 62 77 70 119 122

21RV : 21-day ahead realized variance; CRV: constant realized variance over
on's life; SV: variance based on seasonal index; MV: variance as a
tion of recent variance and cattle price level; HV: 21-day historical

umber of trading days a portfolio was held; i.e., number of days in which
Spriced options were assumed.

nder normality, all returns are significantly different than zero at the
level except those which are less than absolute one.
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Very negative. Qpe exception is the 6/87 contract, for which a
returns are Positive, The large and consistent profitg for this contrac
indicates inefficiency. However, since none of the other six contracts
exhibit this type of arbitrage Opportunity, Particularly when using ex
Variance forecasts, the general results suggest an efficient market
Black’s model as the valuation construct,

Summary

An efficiency test of the live cattle options market wag conducted by
eXamining arbitrage OPPOrtunities for Seven contracts. Simulations of
riskless hedging (i.e., delta-neutral trading) were done under the
assumption that Black’s mode] represents the €orrect valuation technique,

" Five different types of variance forecasts were used to identify arbitrage
OPportunities angd delta levels.

Two ex-post variance "forecasts" ywere used -- 5 21-day ahead Variance
estimate, and ap estimate of the Variance over the option’s life, Use of
the 21-day ahead forecast Produced consistently large after-cost Teturns,
implying two things: (a) profits can be made by identifying mispriced
Options, and thug the profit levels helped set a Standard by which éxX-ante
forecasts'can be evaluated and (b) since the 21-day ahead estimate performed

In general, the Profits frop using the three eX-ante forecasts were 4
Small and often negative, Except for one contract, the results suggest that
there are no consistent arbitrage OPpPortunitieg available frop using the
forecast methods specifieq in this study, Furthermore, none of the forecast
methods wag clearly Superior to the others when evaluated in terms of
arbitrage Profits,
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