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An Investigation of Pricing Models for Live Cattle
and Feeder Cattle Options

Abstract

ﬁhis study investigated the performance of Black’s European model and
Barone-Adesi and Whaley’s American model in pricing live cattle and feeder
cattle futures options. One historical and three implied volatility
estimators were employed. The live cattle sample period was October 31, 1984
through September 30, 1988. The feeder cattle sample period was January 4,
1988 through September 30, 1988. One observation per day was collected for
all put and call contracts and all strike prices. Contemporaneous futures
prices were collected to match the put and call observations.”

Black’s European model was as accurate in predicting premiums as Barone-
Adesi and Whaley’s American model across all volatility estimates and option
contracts. Implied volatility estimates generated substantially more accurate
forecasts of actual option premia than historical volatility. Small
differences were found in the predictive ability among the three implied
volatility estimates.

The significance and signs of the coefficients and explanatory power of
the bias regressions were generally consistent across both option pricing
models, suggesting that little difference in biases existed between the
American and European model. Generally, fewer coefficients were significant
in the implied volatility equations compared to the historical volatility
equations. In addition, the magnitude of bias associated with variables in
the implied volatility equations was substantially less than that of variables
in historical volatility equations. Finally, it was found that none of the
variables input into the option pricing models (time-to-maturity. moneyness,
volatility, and the riskless interest rate) displayed consistent . significant
coefficients across markets and option type.



An Investigation of Pricing Models for Live Cattle
and Feeder Cattle Options

I. INTRODUCTION

Commodity options developed simultaneously with commodity futures
contracts in the mid-1800s, but options were banned in 1936.' Options on
futures contracts were re-introduced in 1982, providing hedgers and
speculators an alternative to traditional futures and forward contracts for
managing price risk.

Both call and put options are traded. A call option contract gives the
owner the right, but not the obligation, to buy a fixed number of units of an
underlying security for a fixed price at any time on or before a given date.
Conversely, a put option contract gives the owner the right, but not the
obligation, to sell a fixed number of units of an underlying security for a
fixed price at any time on or before a given date. These rights provide
options buyers protection against adverse price changes while maintaining the
possibility of benefiting from favorable price changes. For example, a
producer can establish a price floor but benefit from subsequent price
increases by purchasing a put option. Conversely, a processor can establish a
price ceiling but benefit from subsequent price declines by purchasing a call
option. In contrast to options, buying or selling a futures contract
establishes a fixed price, because, assuming no basis risk, cash market gains
or losses are offset by futures market gains or losses.

The asymmetric price protection offered by options is not gained without
a cost. The option buyer must compensate the option seller for accepting a
risky position of limited profits and unlimited losses. The compensation is
the option’s value, or premium, and is determined in a competitive
marketplace. By accepting the premium, the option seller must perform
according to the terms of the option contract.

Option Pricing Models

Black and Scholes (1973) derived the first exact closed-form option
pricing model for securities options. It was based on arbitrage arguments and
the law of one price. Black (1976) modified the original Black and Scholes
model to price options on futures contracts. Both models are a function of
five observable variables: 1) the price of the underlying security, 2) the
time to maturity of the option, 3) the riskless interest rate, 4) the strike
price of the option, and 5) the volatility of the returns on the underlying
security. Market participants use the Black and Scholes and Black models
extensively as a benchmark for evaluating actual market premia (Jarrow and
Rudd, 1983).

1See Hoag (1983) for a complete review of the history of commodity
options.
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Black’s model applies only to options that can be exercised only at
expiration (a European option). However, options traded on U.S. exchanges
generally can be exercised on or before expiration (an American option). This
early exercise feature provides additional flexibility, which may be
economically valuable. As a result, Black’s model may produce systematic
pricing biases because it cannot value the early exercise feature.

To date, a closed-form model for valuing American futures options has
not been derived. However, a number of models have been proposed based on
approximation techniques. A computationally efficient model was re-ently
developed by Barone-Adesi and Whaley (1987). Their model assumes tha
futures price exists such that investors are indifferent to the feature ..
early exercise. Intuitively, their model calculates call (put) values as:
1) the value of Black’s model plus an early exercise premium if the critical
futures price is greater (less) than the current futures price, or 2) the
option’s immediate exercise value if the critical futures price is less
(greater) than the current futures price.

Purpose of Present Study

Several studies have investigated the performance of futures options
pricing models. However, a limited number have used contemporaneous futures
and options data (Shastri and Tandon, 1986a, 1986b; Whaley, 1986; Jordan,
Seale, McCabe, and Kenyon, 1987; Followill, 1987). Only one study (Shastri
and Tandon, 1986a) has compared the pricing accuracy of the Black model and an
American model. Since this study examined S&P 500 and German Mark options, no
evidence exists on the issue for commodity futures options. The present study
will compare the performance of Black’s European model and Barone-Adesi and
Whaley’s American model in pricing live cattle and feeder cattle futures
options.

Live cattle and feeder cattle options were selected for iwo reasons.
First, no published study has investigated the performance of models in
pricing livestock futures options. Second, the volume of live cattle and
feeder cattle futures options has increased rapidly since trading began in
October 1984 and January 1987, respectively. In early 1988, the volume of
options on both commodities had risen to approximately 30 percent of the
underlying futures volume (Pelly, 1989). The increase in volume suggests
that live cattle and feeder cattle options have become important risk
management instruments. Hence, an investigation of the performance >f options
pricing models will be useful to traders, market regulators, and academic
researchers.

Since it is well-documented (e.g. Hauser and Neff, 1985) that options
pricing model values are highly sensitive to changes in the volatility of
futures prices, different volatility estimators should be employed in tests of
model performance. One historical and three implied volatility estimators
will be used in this study. The historical volatility estimator is based on
historical prices for the underlying futures contract. The implied volatility
estimators use numerical procedures to iteratively deduce a volatility
estimate from the realized market premium.
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dy = dy - o/T = [ In(S/X) + (r - o%/2)T 1/0/T,
N(.) = normal cumulative density function.

In contrast to prior option pricing models (Boness, 1964; Samuelson,
1967; Samuelson and Merton, 1969), the Black and Scholes model does not
include unobservable parameters such as the expected value of the stock price
at maturity, the expected return on the stock, or the shape of the investor’s
utility curve.

The assumptions underlying the derivation of the Black and Scholes model
should be noted. They are:

(1) the risk-free rate of interest is a known constant throughout the
life of the option contract,

(2) investors can borrow or lend unlimited amounts at the risk-free
rate of interest,

(3) asset markets are frictionless, e.g., there are no taxes,
transaction costs, etc.

(4) the price of the underlying security is continuous, lognormally
distributed, and follows a random walk diffusion process,

dS/S = pdt + odz (2)
where

4 = the mean rate of return of the security,

dt = a one unit change in time,
and

dz is a Gauss-Wiener process,
(5) the variance of price changes is known and constant over time,
(6) the option is European,
(7) there are no penalties for short sales, and
(8) there are no dividends.

Black (1976) later modified the Black and Scholes model to price options
on futures contracts. He argued that since there is no initial cash outlay or
investment required to assume a futures position, the value of the contract at
time t is zero. Since the initial "good faith" margin may be in the form of
an interest bearing asset, there is no opportunity cost when initiating a
futures position. This assumption precludes the inclusion of the interest
rate in the calculation of the d, and d, terms of the Black and Scholes model.
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model (BAWOPM) for pricing an American call option is formally defined as
follows:

C=c+ A (F/F)® when f < F (5)
C=f-X when f > F’ (6)
where
C = value of an American call option on a commodity futures
contract,
¢ = BOPM value as defined in equation (3),

Ay = (F/q){1 - e"N[d,(F)]),
d,(F') = [In(F'/X) + .5¢°T]/0/T,
= [1+ /(1 + 4k)]/2,

k =2r/[d*(1 - eT)].
F* is the critical futures price above which one would immediately exercise
the American call option. It can be solved according to the iterative process
of Barone-Adesi and Whaley using the formula,

F'o- X =¢ + (1 + e"N[d,(F)])F/q, (7)

Note that ¢’ is the BOPM evaluated at F .

The approximation for an American put is,

P=0p+A(f/F )Y when f > F (8)
P=X-f when f < F~ (9)
where
P = value of an American put option on a futures contract,
p = BOPM value as defined in equation (4),
Ay = -(F7/a)(1 - eN[-d 7)),
q = [1 - /(1 +4k)1/2

and all other notation is the same as above for the valuation of the American
call. The iterative formula for determining F*° s,

X - F7 = p™ - (1 - e™N[-d;(F)])F /g, (10)
Note that p*" is the BOPM evaluated at F"
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then the correct model for adjusting for risk is a subject of debate. The
Capital Asset Pricing Model has been severely criticized (Roll, 1977) and the
Arbitrage Pricing Model (Ross, 1976) has yet to gain general acceptance as an
equilibrium model of asset pricing.

Two issues are critical in all empirical tests of options pricing
models. The first is the matching of contemporaneous market prices for the
option and underlying futures contract. Non-contemporaneous data may lead to
incorrect results because the price of the underlying security incorporated
into the option pricing model is not the price upon which the option was
written (Bookstaber, 1981). This problem may be substantial when daily
closing or settlement prices are used. For example, Bookstaber (1981) re-
evaluated the Chiras and Manaster (1978) study, which employed closing stock
and stock options price data, and found that over 70 percent of the tested
riskless hedging positions had observed profits due to non-contemporaneous
data.

The second issue is the estimation of the volatility parameter. It is
well-documented (e.g. Hauser and Neff, 1985) that BOPM values are highly
sensitive to changes in volatility. Hence, a number of different volatility
estimators have been tested in previous studies of futures options pricing.
These can be categorized two primary groups: historical volatility estimators
and implied volatility estimators.

Historical volatility estimators are based on historical prices for the
underlying futures contract. The simplest historical estimator is the
standard deviation of futures price changes for the previous X days.
Typically, X is between 20 and 40 days and closing prices are used to
calculate price changes. More complex estimators are based on high, low, and
closing prices (Beckers, 1983).

Implied volatility estimators are based on the assumption that options
markets efficiently incorporate all available information and that the given
options pricing model is an unbiased predictor of equilibrium premiums. Based
on these assumptions, a market consensus estimate of volatility can be derived
from realized market premiums. Specifically, numerical procedures are used to
iteratively search for the volatility estimate that equates the option pricing
model’s value to the realized market premium. The resultant "implied"
volatility estimate can be used as an input to value options traded in a
subsequent period.

Empirical Studies of Futures Option Pricing

A number of empirical studies have examined the performance of futures
options pricing models. However, only Shastri and Tandon (1986a,1986b),
Whaley (1986), Jordan, Seale, McCabe, and Kenyon (1987) and Followill (1987)
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have used contemporaneous futures and options data.®

Shastri and Tandon (1986a) compared the performance of the BOPM with
the American model proposed by Geske and Johnson (1984). The data consisted
of all contemporaneous futures and options prices for the S&P 500 from January
1983 through September 1984 and the German Mark from January through December
1984. Both a 40-day historical volatility estimator and an implied volatility
estimator based on at-the-money options were employed. Only accuracy test
results were reported in the study.

Pricing deviations of model and market premia ranged between -2.0 and
+11.9 percent of market option premia. With the exception of puts on the S&P
500, the implied volatility estimator provided the most accurate estimates.
No significant differences were reported in the pricing accuracy of the BOPM
and the Geske and Johnson American pricing model. Both models and both
volatility estimators over-priced S&P 500 calls, while S&P 500 puts were
under-priced using implied volatility and over-priced using historical
volatility. German Mark options were under-valued in all cases. Based on a
categorical analysis, the difference between market and model prices did not
appear to be related to moneyness or time-to-maturity.

Shastri and Tandon (1986b) extended their earlier analysis of Geske and
Johnson’s (1984) American model by conducting accuracy, bias, and efficiency
tests. The data were basically the same as for their previous study. Again,
both a 40-day historical volatility estimator and an implied volatility
estimator based on at-the-money options were employed.

Average pricing deviations were similar to those reported in the earlier
study, with the exception that the pattern of mis-pricing was reversed for S&P
500 puts. Since these findings were stable when sample periods were split in
half, Shastri and Tandon argued that mis-pricing could not be attributed to
pricing inefficiencies that may exist in new markets.

To test for systematic biases, the pricing deviations were regressed on
time-to-maturity and the moneyness of the option. Significant time-to-
maturity and moneyness biases were found for both estimators of variance, both
puts and calls, and both futures contracts, but the direction of bias was not
consistent. In addition, the constant terms were significant, indicating that
other systematic biases may exist.

Shastri and Tandon conducted efficiency tests to determine if abnormal
hedging profits were possible using the Geske and Johnson pricing model. The
performance of the hedging strategy was examined for two possible liquidation
points: 1) one trade after execution, and 2) two trades after execution.
Excess gross profits relative to the risk-free rate of return were reported
from hedge portfolios of both S&P 500 and German Mark futures and options
contracts. Significant excess returns were still evident after considering

3Studies using closing futures and options price data include Figlewski
and Fitzgerald (1982), Hauser and Neff (1985), Wolf and Pohlman (1988), and
Wilson, Fung, and Ricks (1988).
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the transactions costs of a floor trader. However, these results were
dependent upon the ability to execute the strategy at the pre-specified
prices. If the strategies were executed one trade after the pricing deviation
was observed, all excess returns were eliminated.

Whaley (1986) examined the pricing performance of the BAWOPM using all
contemporaneous prices for S&P 500 futures and options for the period January
2, 1983 through December 30, 1983. The implied volatility estimator was based
on a non-linear regression procedure that used all option observations for a
given day (Whaley, 1982). Maturity and moneyness biases were evident for both
calls and puts. For calls, out-of-the-money options were over-priced and in-
the-money options were under-priced. For puts, just the opposite was true.
The maturity bias was the same for both puts and calls: short time-to-
expiration options were over-priced and long time-to-expiration options were
under-priced. Whaley noted that the maturity bias appeared to be more serious
for put options.

Two riskless hedging strategies were used to test the efficiency of the
S&P 500 futures options market over the sample period. The first, a buy-and-
hold portfolio, was held until the expiration of the option. The secc .. a
re-balanced portfolio, was also held until expiration of the option, but hedge
positions were re-balanced daily. Both strategies generated abnormal risk-
adjusted rates of return after transactions costs assumed to be incurred by
floor traders and institutional investors. However, Whaley argued that higher
transaction costs likely would eliminate abnormal profits for retail
investors.

Jordan, Seale, McCabe, and Kenyon (1987) investigated the pricing
performance of the BOPM for soybean futures options. The data set consisted
of all contemporaneous transactions for soybean options and futures contracts
over the period of October 31, 1984 through May 31, 1985. Three estimates of
volatility were used. The first was a twenty-day historical volatility
estimator. The second was a regression estimator based on time-to-maturity,
seasonality, the futures price level. The third was the implied volatility
for the put or call option nearest to at-the-money.

Jordan et al. found the BOPM was a highly accurate model for pricing
options on soybean futures when the volatility input was the implied
volatility estimator. For calls, the BOPM underpriced soybean options by an
average of only four-hundredths of a cent per bushel. For puts, options were
underpriced on average by one-tenth of a cent per bushel. In contrast, when
the historical volatility estimator was used, the BOPM underpriced soybean
call and put options by over one cent per bushel.

A systematic moneyness bias of the pricing deviations was found. At-
the-money call and put option were slightly over-priced by the BOPM, but the
model progressively under-priced as options became further in- and out-of-the-
money. Tests for maturity effects, trends in volatility, and price support
bias produced mixed results.

Followill (1987) conducted an efficiency test of the BOPM by identifyinc
instances of possible relative mis-pricing of gold call futures options.
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was obtained. The option was selected based on the minimum absolute
difference between the time of the option transaction and 11:00 a.m. This
criterion was used as their is no a priori reason to expect futures to lead
options or vice versa. To obtain the contemporaneous futures price, a
criterion of a maximum of 60 seconds between futures and options transactions
was used. The criterion was arrived at after testing various windows between
300 and 20 seconds. It was found that the mean and standard deviation of the
absolute time difference between the futures and options transactions declined
without a large loss of observations until the window approached 60 seconds.
Further reductions produced a substantial decrease in observations with no
reduction in mean or standard deviation of absolute time differences.

The next step was to eliminate options with extremely low premiums.
Shastri and Tandon (1986b) note that deep out-of-the-money options should be
deleted since the hedging strategies that underly the pricing models require
an unrealistic investment in such options. Hence, options with a premium of
less than or equal to $.05 per hundredweight were deleted. This filter
deleted a total of 125 observations for live cattle calls, 201 live cattle
puts, 11 feeder cattle calls, and 25 feeder cattle puts.

A summary description of the futures and options data is presented in
Table 1. The final data base included 10,400 observations for live cattle
calls, 9,710 observations for live cattle puts, 880 observations for feeder
cattle calls, and 1,197 observations for feeder cattle puts. The mean
absolute times between futures and options observations range from 16.17
seconds for live cattle calls to 25.63 seconds for feeder cattle puts.

Variable Estimation

The values for the futures price, observed option premium, expiration
date, and strike price needed to calc ate BOPM and BAWOPM model prices for
each daily observation were taken directly from the "Quote Capture Request"
tapes provided by the CME. Time-to-expiration was calculated as a proportion
of a year (365 days) remaining to expiration. The riskless interest rate was
estimated as the 90-day Treasury bill rate and was provided by the Federal
Reserve Bank of Cleveland.

Consistent with previous studies, both historical and implied volatility (
estimators were employed. Historical volatility (annualized) for day t was
calculated as the standard deviation of the twenty futures price changes
previous to day t. The futures price nearest 11:00 a.m. was used in
calculating historical volatilities. The twenty-day sample period was
selected due to its popularity among options traders (Jarrow and Rudd, 1983).

Generally, implied volatility estimates obtained from options on the
same futures contract, but with different strike prices, will not be equal.
Day and Lewis (1988) suggest this is do to the fact that implied volatility
estimates contain two significant sources of noise. The first is the
inability to determine whether option and underlying securities prices reflect
bid or ask levels. The second is the failure to exactly match the observed
option price with the contemporaneous price of the underlying security.
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A number of implied volatility estimators have been proposed in light of
the observed deviations in estimates for different options on the same
security. Methods of combining estimates include an arithmeti: average of
implied volatilities for all options on a security, an average weighted by the
partial derivative of the option with respect to volatility, and an average
weighted by the elasticity of the option to volatility.

Previous studies of futures options pricing did not compare alternative
implied volatility estimators. Hence, three implied volatility estimators
were used in this study. The first estimate was an arithmetic average of the
previous trade day’s implied volatilities for all options sampled for a given
maturity. The average estimate incorporates information from all options for
a given maturity. The second estimate was the implied volatility for the
sampled option nearest to at-the-money. This estimate reflects the implied
volatility for the option most sensitive to changes in volatility. The third
estimate was the implied volatility of the previous day’s option with a strike
price most closely matched to the option being priced. The matched estimate
is based on the finding from previous studies that pricing errors are related
to the moneyness of the option (e.g. Jordan, Seale, McCabe, and Kenyon, 1987).
In all cases separate estimates were made for calls and puts. Finally, all
implied volatilities were estimated using a Newton-Raphson iterative search
algorithm.

The volatility estimates for live cattle and feeder cattle for the
entire sample period are summarized in Table 2. The mean and standard
deviation of historical volatility were consistently smaller than the implied
volatility estimates. This was evident not only for the entire data set, but
also broken out by contract.® Differences among the mean and standard
deviation of the three implied volatility estimates for live cattle were
minimal across puts and calls and the European and American option model
estimates. However, mean implied volatilities for feeder cattle call options
averaged approximately two percentage points less than implied volatilities
for feeder cattle put options. Also, the standard deviations of the implied
volatilities for feeder cattle put options were higher than for feeder cattle
calls. Differences between American and European model estimates for feeder
cattle calls and puts were minimal.

IV. RESULTS OF PERFORMANCE TESTING

Eight theoretical model values were calculated for both puts and calls
(four volatility estimates in both the European and American option pricing
models). Accuracy and bias tests were applied to each set of model values.
Efficiency tests were not conducted because of the previously discussed
problems in measuring transaction costs, in adjusting positions such that
hedges are riskless, and in specification of a theoretically valid equilibrium
model to adjust hedging returns for risk.

>Individual contract results are presented in Pelly (1989).
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Accuracy tests

The results of the accuracy tests are presented in Tables 3 and 4. Four
general conclusions may be drawn from these tables:

1) With the exception of average implied volatility for feeder
cattle, model put and call values were underpriced relative to the
market premiums.

2) There were minute differences between the European and American
models across volatility estimators and option types.

3) Historical volatility generated a larger difference between model
and market prices than the implied volatilities. The average
deviation of the European model using historical volatility for
live cattle calls was $0.3599/cwt. and for puts $0.3724/cwt.; the
corresponding deviations for feeder cattle were $0.3165/cwt. for
calls and $0.4497/cwt. for puts. In contrast, the largest average
deviation of the three implied volatility forecast estimates was
only $0.044/cwt.

4) Average implied volatility was generally the most accurate
volatility estimator. However, the differences across the three
implied volatility estimators were small with the exception of the
at-the-money implied volatility estimator for live cattle and
feeder cattle puts, which was substantially less accurate.

The percent of option premiums over-priced and under-priced was
consistent with the evidence on average accuracy. Historical volatility
grossly under-priced when compared to the implied volatility estimates. There
was little difference in the degree of under-pricing among average, at-the-
money, and strike price matched implied volatility estimates for live cattle
and feeder cattle calls. For live cattle and feeder cattle puts, at-the-money
implied volatility under-priced to a greater degree than either average or
strike priced implied volatility.

Bias tests

Previous researchers have conducted bias tests by regressing the
difference between actual and model prices on time-to-maturity, moneyness, anrd
volatility. The bias tests utilized in this study included a larger set of
variables in order to examine additional sources of systematic pricing error.
The additional variables include: 1) the riskless interest rate, 2) option
market liquidity, 3) seasonal dummy variables, and 4) contract dummy
variables.

The riskless interest rate was included on the basis being an exogenous
variable to the pricing models, as are time-to-maturity, moneyness, and
volatility. Option market liquidity was included based on an entry and exit
cost argument. Specifically, observed market premia may reflect differences
in entry and exit costs between liquid and illiquid markets, in addition to
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average and at-the-money implied volatility equations. The moneyness
coefficient was significant only in the equation for the American model using
the strike price matched implied volatility estimator. The intercept and
coefficients for the riskless interest rate and liquidity were insignificant
in all six implied volatility equations.

The six implied volatility equations varied in the number of significant
coefficients for contract dummy variables from a high of two for the strike
price matched volatility equations to zero for average and at-the-money
implied volatility equations. The dummy variable coefficients were not
jointly significant in any implied volatility equation. These results suggest
that pricing deviations for live cattle call options were not strongly
affected by contract effects when implied volatility was used. Furthermore,
size of the coefficients varied little by contract. Thus, no systematic
pricing bias was found in the initial period of trading in live cattle call
contracts.

For the seasonal dummy variables, the number of significant coefficients
ranged from three for the average and strike price matched equations to one
for the at-the-money equation, and the month of August exhibited the only
common significant coefficient. However, the seasonal coefficients were
jointly significant in the average and strike price matched equations. These
results indicate that exogenous factors specific to any particular month may
have influenced the systematic pricing biases for live cattle call options.

The summary statistics for live cattle calls indicate the regression
specifications of both American and European option pricing models using
historical volatility provided a reasonab]y good explanation for the pricing
deviations. These models had an R? of .7679 and .7703, respectively.
However, the R% values for the models using the three implied volatility
estimates ranged from a high of .0573 to a low of .0393, indicating the
pricing deviations were not well explained by the selected independent
variables. The low R? values suggest that when an implied volatility
estimator was used, the pricing deviations between market and model premia
were not due to variables used in computing the model premia, and largely
consisted of random noise.

Live Cattle Puts

The bias test results for live cattle puts are presented in Tables 9
through 12. Similar to live cattle calls, the results varied only slightly
across the European and American option pricing models. Likewise, almost all
coefficients were significant in the historical volatility equations, and the
magnitude and number of significant coefficients declined when historical
volatility was replaced by the three implied volatility estimates. However,
when compared to the results for live cattle calls, the decline in the number
of significant variables was smaller and different variables tended to be
significant in the implied volatility equations. Moneyness and riskless
interest rate coefficients were significant in five of the six implied
volatility equations. The intercept and time-to-maturity coefficients were
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substantially less than for live cattle puts. For all six implied volatility
equations, the intercept and moneyness d volatility coefficients were
significant. The significance of the intercepts and volatility coefficients
was the only case where coefficients were significant in implied volatility
equations but not the historical volati ity equations. Coefficients for time-
to-maturity, the riskless interest rate, and liquidity were not significant in
any of the implied volatility equations.

The exp]anatory power of the implied volatility equations for - »r
cattle puts, with R%s ranging from .0428 to .1297, was substantiall, - r
than for feeder cattle calls. Correspor "ng regression F-statistics - he
feeder cattle puts were significantly di1 .erent from zero. It is inte 'ng

to note that, compared to calls, both the number of significant variable. and
R%s were larger for the implied volatility equations for puts on live cattle
and feeder cattle.

Interpretation of Bias Parameters

Previous empirical studies have presented bias results in terms of over-
pricing or under-pricing options relative to the actual market price. Such
statements are dependent on the range of data used to estimate the equations
and the Tocation of the regression line with respect to the y-intercept, which
in turn depends on the values of the independent variables. For example, a
positive and significant coefficient for time-to-maturity may imply that (1)
over-pricing diminishes as time-to-maturity increases, (2) under-pricing
increases as time-to-maturity increases, or (3) a combination of the two
effects occurs.

Figures 1 through 8 were produced to facilitate the discussion of over-
pricing and under-pricing bias due to a specific variable. Since the
difference in bias test results for the European and American models was
negligible, bias relationships are presented only for the European model.
Further, to emphasize the difference in results across volatility estimators,
bias relationships are presented for variables with significant coefficients
in both historical volatility and average implied volatility equations.

The relationships were generated for a given estimated equation by varying one
independent variable and setting all others equal to their mean values, and in
the case of live cattle, setting dum variables equal to zero.® With the
exception of implied volatility, independent variables were varied over the
range of data used to estimate the ¢ .ation. Implied volatility was varied
over the same range as historical v¢ tility for comparison purposes. Only a
small proportion of implied volatilities fell outside the range of historical
volatilities.

Figures 1,2, and 3 indicate that shorter time-to-maturity options were

®Setting the indicated dummy variables to zero implies that the equations
are based on the June 1989 contracts and the month of December.
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Black’s European model was as accurate in predicting premiums as Barone-
Adesi and Whaley’s American model across all volatility estimates and option
contracts. This result mirrors the findings of previous empirical research
for financial futures options contracts (Shastri and Tandon, 1986a) and is
consistent with the generally observed low use of early exercise on U.S.
futures options markets. Similar to results of both equity options and
financial futures options pricing studies, implied volatility estimates
generated substantially more accurate forecasts of actual option premia than
historical volatility. Small differences were found in the predictive ability
among the three implied volatility estimates.

The significance and signs of the coefficients and explanatory power of
the bias regressions were generally consistent across both option pricing
models, suggesting that Tittle difference in biases existed between the
American and European model. With the exception of the intercept and
moneyness coefficients for feeder cattle puts, no variable coefficients were
significant in an implied volatility bias regression that were not also
significant in the historical volatility equation. Furthermore, for both live
cattle and feeder cattle calls, substantially fewer variables were significant
in the implied volatility equations. In addition, the magnitude of bias
associated with variables in the implied volatility equations was
substantially less than that of variables in historical volatility equations.
Finally, it was found that none of the variables input into the option pricing
models (time-to-maturity, moneyness, volatility, and the riskless interest
rate) displayed consistently significant coefficients across markets and
option type.

These observations suggest that 1mp11ed volatility captured most, but
not all, of the bias that resulted from using historical vo]at111ty While
biases continued to exist for implied volatilities, the low R%s for the bias
equations suggest that the mis-pricing of options was due to factors exogenous
to the option pricing models.

The results of this study suggest three areas for further research.
The first is whether these results can be duplicated in other agricultural
options markets. The second is whether implied volatility-based models are
able to generate significant speculative trading profits. The third is
identification of the reasons that implied volatility reduces mis-pricing. It
is suggested that implied volatilities capture the effects of other variables,
such as moneyness and interest, but research is needed to confirm or reject
this observation.
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®
TABLE 1. LIVE CATTLE AND FEEDER CATTLE OPTIONS AND FUTURES DATA
BASE DESCRIPTIONS
TIME BETWEEN TIME BETWEEN
OPTION AND TRADED TRADED OPTION
_EUTURES CONTRACT —AND 11:00 a.m,
QBSERVATIONS m g u g bl
----- SECONDS-=~=--= ---MINUTES.SECONDS -~~~
LIVE CATTLE:?
CALLS 10,400 16.17 14.35 18.22 168.20
PUTS 9,710 18. 21 14. 44 19. 44 16.37
FEEDER CATTLE:®
CALLS 880 23.91 16.59 25.65 17.71
PUTS 1,197 25.83 186.74 25.32 17.69
aTho live cattle sample includes all options contracts over the period hd
October 31, 1984 through September 30, 1988,
The feeder cattle sample includes all options contracts over the period
January 9, 1988 through September 30, 1988.
o

TABLE 2. SUMMARY OF VOLATILITY ES IATES FOR LIVE CATTLE
——AND FEEDER CATTLE PRICES

HY AIVY  EIV1 AIV2  EIv2 AIV3  EIV3 {

LIVE CATTLE:
u

CALLS 16.00 20.74 20.83 20.47  20.52 20.70 20.77

PUTS 15.89 20.88  20.95 20.34 20.40 20.77  20.83 p
g

CALLS 5.79 7.46 7.45 7.47 7.47 7.68 7.85

PUTS 5.88 7.44 7.44 7.09 7.08 7.51 7.%0
EEEDER CATTLE:
o

CALLS 14.67 18.37  18.44 18.23 18.27 18.30 18.36

PUTS 14.39 20.22 20.28 19.54  19.58 20.08  20.09 ®
Qo

CALLS 4.43 7.78 7.75 7.94 7.94 7.96 7.96

PUTS 4.28 9.22 9.22 9.21 9.20 9.26 9.25

'HV = 20 day historical volatility estimate.

AIV1 = Averaged put or call American implied volatility estimate.

EIV1 = Averaged put or call Europsan implied volatility estimate. [ ]
AIV2 = At-the-money put or call American implied volatility estimate.

EIVZ = At-the-soney put or call European implied volatility estimate.

AIV3 = Strike price matched put or call American implied volatility estimate.

EIV3 = Strike price matched put or call European implied volatility estimate.
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TABLE 3. ACCURACY RESULTS COMPARING MARKET AND MODEL PRICES
FOR LIVE CATTLE OPTIONS,

PRICING FREQUENCY OF

VARIANCE _DEviaTIONg? —__MODEL MIS-PRICING®

MODEL. ESTIMATE i g %<0 %X=0 x50

----- $/CWt. ~memmm ~mm==e=-PERCENT-===voen

CALLS (OBS = 10.275):

EUROPEAN HV 0.3599 0.4801 15.9 0.9 83.2
1 0.0081 0.1127 43.7 5.4 50.9
v2 0.0174 0.1162 39.3 4.7 56.0
Iv3 0.0147 0.1155 40.7 5.6 53.7

AMERICAN HV 0.3548 0.4806 16.2 1.0 82.8
Vi 0.0091 0.1120 42.9 5.5 s1.8
2 0.0172 0.1159 39.4 .8 55.8
v3 0.0143 0.1153 40.9 5.8 53.8

PUTS (OBS = 9.508).

EUROPEAN HV 0.3724 0.4828 14.0 0.9 8s5.1
IV 0.0008 0.1197 44.2 4.5 51.3
Iv2 0.0301 0.1232 33.3 4.4 82.2
Iv3 0.0129 0.1417 40.0 5.7 54.3

AMERICAN HV 0.3778 0. 4841 14.3 0.8 84.9
i 0.0008 0.1238 44.1 4.5 51.4
IV2 0.0302 0.1238 33.2 4.4 62.4
IvV3 0.0124 0.1418 40.2 5.7 54.1

TABLE 4. ACCURACY RESULTS COMPARING MARKET AND MODEL PRICES

— . FOR FEEDER CATTLE OPTIONS,

PRICING FREQUENCY OF

VARTANCE DEVIATIONS! ____MODEL uIs-PRICING®

MODEL ESTIMATE® u g £<0 X:0 x>0

----- $/cwt, —mmmmn ~=m=m===PERCENT-====m=

GALLS (OBS = 889):

EUROPEAN HY 0.3185 0.5987 26.9 0.7 72.7
V1 0.0006 0.2945 4.5 3.0 47.5
Iv2 0.0019 0.2110 51.3 1.7 47.0
Iv3 0.0071 0.2103 48.0 1.2 50.9

AMERICAN HV 0.3119 0.5989 28.9 1.5 71.8
v 0.0010 0.2030 48.9 3.2 47.9
v2 0.0009 0.2102 0.7 2.9 48.4
Iv3 0.0085 0.2096 47.8 1.5 50.7

PUTS (QBS = 1.172):

EUROPEAN HY 0.4497 0.5880 17.8 1.0 81.5
v1 -0.0123 0.1974 8.9 2.6 48.5
V2 0.0437 0.1915 35.4 2.0 62.6
v3 0.0121 0.18989 44.0 3.7 52.3

AMERICAN HV 0.4484 0.5880 17.9 0.7 81.4
IV -0.0122 0.1994 8.5 2.8 8.9
v2 0.0441 0.1929 34.9 2.4 82.7
Vs 0.0117 0.1910 43.9 3.9 52.1

'Tho pricing deviations were calculated as market price - model price.
If the model under (over) prices the actual premium, the deviation will be > 0 (< 0).

“Hv = 20-day historical volatility estimate.

IV1 = Averaged put or call implied volatility esstimate.

IV2 = At-the-money put or call implied volatility setimate.

IV3 = Strike price matched put or call implied volatility estimate.
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TABLE 5. PRICING BIAS REGRESSIONS FOR LIVE CATTLE CALL OPTION PRICING
MODELS. HISTORICAL VOLATILITY ESTIMATE.®

- _AMERICAN MODEL
COEF- T P
3 ¢

AR
INTERCEPT 2.07684%  20.17  .0001
TTM 0.4716%  24.15 0001
MONEYNESS 0.6594%  14.32 0001
VOLATILITY  -5.1385% -86.15 0001
INTEREST -9.7640% -13.38  .0001
LIQUIDITY -0.0001% -10.61  .0001
CONTRACT DUMMIES
02/85 -1.2783%  -14.28  .0001
04/85 -1.1343%  -13.98  .0001
06/85 -0.9748%  -12.23  .0001
08/85 -0.3713%  -12.31  .0001
10/85 -0.8175%  -10.386  .0001
12/85 -1.0941% -13.89  .0001
02/86 -0.9533% -12.10  .0001
04/86 -0.7404%  -9.37  .0001
06/86 -0.6389%  -8.09  .0001
08/88 -0.7053%¢  -8.93  .0001
10/86 -0.9218%  -11.67  .0001
12/86 -0.9882%  -12.50  .0001
02/87 -1.0862%¢ -13.43  .0001
04/87 -1.0832% -13.40 .0001
06/87 -1.1973%  -15.15 0001
08/87 -1.2117%  -15.35  .0001
10/87 -1.1565% -14.72  .0001
12/87 -1.0392¢ -13.24  .0001
02/88 -1.0089%¢ -12.82 .0001
04/88 -1.0138% -12.87  .0001
06/88 -0.9316% -11.82  .0001
08/88 -1.0310% -13.12  .0001
10/88 -0.9613% -12.28  .0001
12/88 -0.4188%  -5.36  .0001
02/89 0.0844 1.08 .2828
04/89 0.51468 .46  .0001
SEASONAL DUMMIES
JAN -0.0338 -2.57  .0101
FEB -0.1462%¢ -10.77  .0001
MAR -0.1646%¢ -12.02  .0001
APR -0.1602% -11.29  .0001
MAY -0.1520% -10.88  .0001
JUNE 0.0182 1.15  .2429
JuLY -0.0381 -2.72  .0085
AUG -0.2173%  -15.72  .0001
SEPT -0.1194%  -8.91 .0001
ocT -0.0512¢  -3.79  .0002
NOV -0.1154%  -8.33 0001
SUMMARY STATISTICS
Re 0.7679
ADJUSTED RZ 0.7670
F (REGRESSTON)® 806. 1950+

p~-value (.0001)
F (SEASONALITY)® 84.9898¢

p-value f (.0001)
F (CONTRACT) 578. 5827+

p-value (.0001)

—BUROPEAN MODEL
COEF- T P
1.9721% 19.27 . 0001
0.5042% 25.97 .0001
0.7539% 16. 47 . 0001

-5.1096% -86.19 . 0001

-8.6197% -13.27 .0001

-0.0001%* -10. 42 . 0001

-1.2823% -14. 41 . 0001

-1.1397s ~-14.13 . 0001

-0.9782% -12.3% . 0001

~Q.9764s -12.45 . 0001

~0.8238 -10.51 . 0001

-1.0985* -14.03 . 0001

-0.9573% -12.22 . 0001

~0.7447% -9.48 . 0001

-0.6426% -8.19 .0001

-0.7097s -9.04 . 0001

-0.9258# -11.80 .0001

-0.9910% -12.61 . 0001

~1.0695% -13.58% . 0001

-1.0668# -13.83 . 0001

-1.1998%* -15.27 . 0001

-1.2149% -15.49% .0001

-1.16807» -14.86 . 0001

-1.04248 -13.36 . 0001

-1.0125% -12.95 .0001

-1.0162%* ~12.98 .0001

-0.9342% =11.93 .0001

-1.0343% -13.24 . 0001

-0.9654% -12.41 . 0001

-0.4218% -5.43 .0001
0.0813 1.04 . 2976
0.5114% 8.46 . 0001

-0.0342 -2.62 . 0088

-0.1468% -10.89 .0001

-0.1161s -12.21 . 0001

-0.1608% -11.39 . 0001

-0.1542s% -10.97 . 0001
0.0160 1.14 .2527

-0.0389 -2.80 . 0082

-0.2175s -15.84 . 0001

-0.1196# -8.98 . 0001

-0.0518# -3.84 . 0001

-0.1182% -8.45 . 0001

0.7703

0.7894
817.1790*
(.0001)
86.2185%
(.0001)
584.5502%
(.0001)

imumnm 10.274
T

he depsndent variable is actual price - model price.

= time-to-maturity. MONEYNESS = futures price/exercise price.

VOLATILITY = the historical volatility estimate.

INTEREST = riskless interest rate.

LIQUIDITY = difference in seconds between traded option and 11:00 a.m.

Ce = Critical F- and t-values calculated according to Leamer (1978); t = 3.07; F = 9.41,
dF(REGRESSION) = F-gtatistic to test hypothesis that coefficients on all variables are
?oinﬂy insignificantly different from 2ero.

F(SEASONALITY) = F-statistic to test hypothesis that coefficients on seasonal dummies are
jointly insignificantly different from zero.

F(CONTRACT) = F-statistic to test hypothesis that coefficients on contract dummies are
jointly insignificantly different from zero.







28

TABLE 7. PRICING BIAS REGRESSIONS FOR LIVE CATTLE CALL OPTION PRICING
MODELS: AT-THE-MONEY IMPLIED VOLATILITY ESTIMATE,®
——AMERICAN MODEL —EUROPEAN MODEL =

COEF - T P COEF- T P

VARIABI E: EIGIEIIIC VALUE ALUE FICIENT ALUE ALUE
INTERCEPT 0.0626 1.22 . 2245 ~0.0074 ~0.14 .8864
TT™ -0.0361% ~-3.76 . 0002 ~0.0384% -3.99 . 0001
MONEYNESS -0.0293 -1.30 . 1935 0.0451 2.00 .0458
VOLATILITY 0.1447% ~-6.50 . 0001 0.1446% 6.48 .0001
INTEREST 0.6295 1.78 .0759 0.6156 1.73 .0836
LIQUIDITY 0.0001 0.19 .8478 0.0001 0.81 .4187
CONTRACT DUMMIES
02/85 -0.0619 -1.39 . 1646 ~-0.0646 -1.45 . 1482
04/85 -0.0660 -1.63 . 1026 ~0.0688 -1.70 . 0900
06/85 -0.0744 -1.88 . 0804 -0.0770 -1.94 .0527
08/85 -0.00624 -1.59 L1114 ~-0.06841 -1.63 . 1031
10/85 -0.0588 -1.51 1312 -0.0803 -1.54 1231
12/85 -0.0876 -1.73 . 0829 -0.0691 -1.77 .0770
02/86 -0.0873 -2.24 . 0251 -0.0889 -2.28 .0229
04/86 -0.0783 -2.01 . 0446 -0.0803 ~2.086 .0399
06/86 -0.0878 -2.27 . 0235 ~-0.0897 -2.31 .0210
08/886 -0.0967 -2.50 L0124 BRI} ] -2.53 .0114
10/86 -0.1002 -2.59 . 0097 20 -2.63 .0087
12/86 ~-0.0969 -2.48 .0130 ~0.0991 -2.53 .0113
02/87 -0.07886 -2.00 . 0459 -0.0807 -2.04 .0410
04/87 -0.0821 -2.09 .0370 -0.0843 -2.14 .0328
06/87 -0.0779 -1.99 . 0470 -0.0793 -2.02 .0436
08/87 -0.0860 -1.69 . 0921 -0.06871 -1. 11 .0875
10/87 -0.0594 -1.52 . 1283 -0.0608 -1.5% . 1204
12/87 -0.0663 -1.70 .0886 -0.06871 =-1.72 .0857
02/88 -0.0611 -1.57 L1161 -0.0631 -1,62 . 10680
04/88 ~0.0670 -1.79 .0736 -0.0716 -1.83 .0870
06/88 -0.0898 -2.30 .0213 -0.0922 -2.36 .0185
08/88 ~0.0870 -2.22 . 0262 -0.0895 -2.29 .0221
10/88 -0.0564 -1.46 L1457 -0.0580 -1.49 . 13681
12/88 ~0.05686 -1.47 L1413 -0.05%86 -1.52 . 1291
02/89 -0.0509 -1.32 . 1864 -0.0533 -1.38 .1678
04/89 -0.03861 -0.93 .3542 -0.0394 -1.01 .3143
SEASONAL DUMMIES
JAN -0.0139 ~2.17 .0299 -0.0142 -2.20 .0275
FEB -0.0068 -0.99 .3194 -0.005%9 -0.90 .3700
MAR -0.0008 -0.12 .9041 -0.0008 -0.08 .9332
APR 0.0088 1.24 .2134 0.0093 1.34 . 1816
MAY -0.0001 -0.02 .9883 ~0.0004 -0.05% . 9568
JUNE -0.0008 -0.08 .9328 ~0.0007 -0.10 .9228
JULY -0.0203 ~3.02 .0025% -0.0208 ~-3.086 . 0022
AUG -0.0216% -3.20 .0014 -0.0214% -3.18 . 0015
SEPT 0.0129 1.96 L0498 0.0124 1.87 .0812
ocT 0.0037 0.56 .5779 0.0023 0.58 .56086
NOV -0.0139 -2.07 .0382 -0.0144 -2.15 .0314
SUMMARY STATISTICS
R2 0.0450 0.0453
ADJUSTED R2 0.0411 0.0414
F(REGRESSION)0 11.4810% 11.5560#

p-value (.0001) (.0001)
F(SEASONALITY)e 8.3394 8.3325

p~value f (.0001) (.0001)
F (CONTRACT) 5.9501 5.9444

p-value (.0001) (.0001)

g?ﬂﬁﬂ!&llﬂ!ﬂ 10,274
he dependent variable is actual price - model price.

t’T‘I'M = time-to-maturity. MONEYNESS = futures price/exercise price.

VOLATILITY = the historical volatility estimate. INTEREST = riskless interest rate.
}IQUIDITY = difference in seconds between traded option and 11:00 a.m.

‘% = Critical F- and t-values calculated according to Leamer (1978); t = 3.07; F = 9.41.

F (REGRESSION) = F-statistic to test hypothesis that coefficients on all variables are
jointly insignificantly different from zero.

F (SEASONALITY) = F-statistic to test hypothesis that coefficients on seasonal dummies are
f'oinﬂy insignificantly different from zero.

F (CONTRACT) = F-statistic to test hypothesis that coefficients on contract dummies are
jointly insignificantly different from zero.

s —
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TABLE 9. PRICING BIAS REGRESSIONS FOR LIVE CATTLE PUT OPTION PRICING .
MQDELS . HISTORICAL YOLATILITY ESTIMATE.?
. AMERICAN MODEL —EUROPEAN MODEL
COEF- T P COEF- T P

vARIABLE'  FICIENT  VALUE VALUE  FICIENT  VALUE VALUE
INTERCEPT 4.5375%¢  46.31  .0001 4.8003*  47.25  .0001
TT™ 0.3659%¢  18.29  .000f 0.3964%  31.94  .0001
MONEYNESS -1.1090% -23.30  .0001 -1.1882¢  -25.13  .0001
VOLATILITY  -5.4536%¢ -84.32  .0001 -5.4273%  -84.45 0001
INTEREST -9.6391%  -12.35 0001 -3.4378% -12.18 0001
LIQUIDITY -0.0001*  -9.00  .0001 -0.0001*  -8.79  .0001
CONTRACT DUMMIES
02/85 -1.9431%  -24.37  .0001 -1.9459%  -25.17  .0001
04/85 -1.8158¢ -26.31  .0001 -1.8203¢ -26.55 .0001
06/85 -1.8914%  -25.12  .0001 -1.6943%  -25.33  .0001
08/85 -1.5970% -24.03  .0001 -1.5997¢ -24.22  .0001
10/85 -1.3980%¢ -20.98  .0001 -1.4020¢ -21.18  .0001
12/85 -1.8858% -25.16  .0001 -1.8879%  -25.35 0001
02/86 -1.5579¢  -23.52  .0001 -1.5605¢ -23.71  .0001
04/86 -1.3398¢ -20.15  .0001 -1.3429%  -20.32  .0001
06/86 -1.2225¢ -18.39 0001 -1.2242%¢  -18.53  .0001
08/86 -1.3011%  -19.47  .0001 -1.3018¢ -19.60 .0001
10/86 ~1.4285¢  -21.33 0001 -1.4285¢  -21.47  .0001
12/86 -1.5552¢  -23.25 0001 -1.5547%¢  -23.39  .0001
02/87 -1.7025¢  -25.31  .0001 -1.7032¢  -25.48  .0001
04/87 -1.8512%¢ -24.686  .0001 -1.8517¢  -24.82 .0001
06/87 -1.7436%¢ -26.13  .0001 -1.7438% -26.30 .0001
08/87 -1.8153%¢  -27.24  .0001 -1.8155¢  -27.42  .0001
10/87 -1.7390%¢ -26.19  .0001 -1.7397%¢  -26.23  .0001
12/87 -1.8298% -24.70  .0001 -1.6315¢  -24.88  .0001
02/88 -1.6280% -24.84  .0001 -1.6291%  -24.81  .0001
04/88 -1.5772¢ -23.82  .000% -1.5764%  -23.98 0001
06/88 -1.5342¢  -23.17  .0001 -1.5328%¢ -23.29  .0001
08/88 -1.6015%¢ -24.27 .0001 -1.6016% -24.42  .0001
10/88 -1.5085%¢ -22.98 .0001 -1.5079%¢ -23.14  .0001
12/88 -1.0428% -15.92  .0001 -1.0437%¢ -16.04 .0001
02/89 -0.8108%¢  -9.22  .0001 -0.6115¢  -9.29 0001
04/89 -0.2903%  -4.24  .000% -0.2898%  -4.26  .0001
SEASONAL DUMMIES ®
JAN -0.0274 -2.04  .0418 -0.0278 -2.08  .0391
FEB -0.1337%¢  -9.56  .0001 -0.1332¢  -9.58  .0001
MAR -0.1703% -12.08  .0001 -0.1702%¢  -12.13 0001
APR -0.1787% -12.32  .0001 -0.1765%¢  -12.39  .0001
MAY -0.1591%  -11.02  .0001 -0.1595%  -11.12  .0001
JUNE -0.0270 -1.85  .0851 -0.0268 -1.85  .0647
JULY -0.0815%  -4.27 .0001 -0.0817%¢  -4.31 0001 ®
AUG -0.1961% -13.70 .0001 -0.1959% -13.77  .0001
SEPT -0.1020%#  -7.26  .0001 -0.1016%  -7.28  .0001
ocT -0.0244 -1.77  .0771 -0.0230 -1.68 .0922
NOV -0.0989%  -6.97 .0001 -0.0978%  -6.94  .0001
SUMMARY STATISTICS
R? 0.7332 0.7360 ¢
ADJUSTED 2 0.7320 0.7348
F (REGRESSTON) Y 619.2470% 828.3590%

p-value (.0001) (.0001)
F (SEASONALITY)® 56.0943% 56.8028%

p-value f (.0001) (.0001)
F (CONTRACT) 379.0345% 384.8995% ®

p~value (.0001) (.0001)

?EEMIIQNL 9,308
The dependent variable is actual price - model price.

bT'I'M = time-to-maturity. MONEYNESS = futures price/exercise price.
VOLATILITY = the historical volatility estimate. INTEREST = riskless interest rate.
LIQUIDITY = difference in seconds between traded option and 11:00 a.m.

Co = Critical F- and t-valuee calculated according to Leamer (1978); t = 2.95; F = 9.26. [ ]
F(REGRESSION) = F-statistic to test hypothesis that coefficients on all variables are

éoint'ly insignificantly different from zero.

F(SEASONALITY) = F-statistic to test hypothesis that coefficients on seasonal dummies are

fioint'ly insignificantly different from zero.

F(CONTRACT) = F-statistic to test hypothesis that coefficients on contract dummies are

Jointly insignificantly different from 2ero.
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TABLE 11. PRICING BIAS REGRESSIONS FOR LIVE CATTLE PUT OPTION PRICING
MODELS; AT-THE-MONEY IMPLIED VOLATILITY ESTIMATE,®

—__ AMERICAN MODEL —___EUROPEAN MODEL
COEF- T P COEF - T P

VARIABLE]  FICIENT®  VALUE VALUE  FICIENT  VALUE  VALUE
INTERCEPT -0.3576# =7.07 .0001 -0.2983# ~-5.90 . 0001
TT™ -0.0552¢% -5.66 . 0001 -0.0580* -5.96 . 0001
MONEYNESS 0.4357* 18.65 . 0001 0.3784% 16.20 . 0001
VOLATILITY 0.0348 1.31 . 1905 0.0349 1.32 . 1884
INTEREST 1.2121%# 3.19 .0014 1.2128% 3.19 .0014
LIQUIDITY -0.0001 -0.57 .5684 -0.0001 -0.09 . 9249
CONTRACT DUMMIES
02/85 -0.1614% -4.05 . 0001 -0.1631%* -4.10 . 0001
04/85 -0.1659% ~-4.68 . 0001 -0.1680% -4.73 . 0001
06/85 -0.1552» -4.47 . 0001 -0.1564% -4.51 . 0001
08/85 -0,1339= -3.94 . 0001 -0.1349# -3.97 . 0001
10/85 ~0.1243# -3.68 .0002 -0.1249% -3.70 .0002
12/85 -0.1432» ~-4.24 . 0001 -0.1439* ~4.27 . 0001
02/88 =0.1434» -4.28 . 0001 -0.1449% -4.30 . 0001
04/86 ~0.1492s -4.44 . 0001 -0.1508% -4.49 . 0001
06/86 -0.1657# -4,98 . 0001 -0.16862¢ ~5.00 . 0001
08/86 -0.1656= -4.98 . 0001 -0.1658% -4.98 . 0001
10/88 -0.1659% -4.,95 . 0001 -0.16861% -4.95 . 0001
12/86 ~0.1546% -4.55 . 0001 ~0.1553» -4.57 . 0001
02,87 -0.1356¢ -3.93 . 0001 -0.1373» -3.98 . 0001
04/87 -0.1449¢ -4.22 . 0001 -0.1459% -4.25 . 0001
06/87 ~0.1474% ~-4.31 . 0001 -0.1488%* -4.35 . 0001
08/87 -0.1404% -4.10 . 0001 -0.1414% -4.14 . 0001
10/87 ~0.1340» -3,93 . 0001 ~0.1346% -3.95 . 0001
12/87 -0.1436# -4.25 . 0001 -0.1442% -4.26 . 0001
02/88 -0.1369+ -4.08 . 0001 -0.1371# -4.07 . 0001
04/88 ~-0.1344% -3.99 .0001 -0.1353# ~4.01 . 0001
06/88 -0.1225% -3.63 . 0003 -0.1226% -3.63 . 0003
08/88 -0.1151% -3. 41 . 0007 -0.1182# -3.44 . 00086
10/88 ~0.1109» -3.31 . 0009 -0.1116# -3.33 .0009
12/88 -0.0972 ~-2.94 .0033 ~0.0980* -2.97 .0030
02/89 -0.0830 -2.52 L0117 -0.0831 -2.53 0115
04/89 -0.0479 -1.42 . 15682 -0.0473 -1.40 L1612
SEASONAL DUMMIES
JAN 0.0120 1.82 .0890 0.0121 1.84 0655
FEB 0.0188 2.42 .0154 0.0169 2.48 0131
MAR 0.0129 1.85 .0841 0.0125 1.80 .0719
APR 0.0119 1.687 .0941 0.0123 1.73 0845
MAY 0.0148 2.08 .0377 0.0150 2.1 .0348
JUNE 0.0118 1.685 .1000 0.0119 1.66 . 0980
JULY -0.0118 ~-1.69 .0903 -0.0119 -1.M .0865
AUG -0.0138 -1.92 .0550 -0.0138 -1.92 . 0551
SEPT 0.0217# 3.13 .0017 0.0212% 3.07 0022
ocT -0.0133 -1.97 .0494 ~0.0129 1.91 0568
NOV ~-0.00852 -0.78 4472 =-0.0049 -0.72 . 4700
SUMMARY STATISTICS
R2 0.1008 0.0924
ADJUSTED RZ 0.0988 0.0884
F(REORESSION)d 25.2160% 22.9450*

p-value (.0001) (.0001)
F(SEABONALITY)e 8.0787 8.0044

p-value f (.0001) (.0001)
F (CONTRACT) 10.7817# 10.8439%*

p-value (.0001) (.0001)

2.308

iTho dependent variable is actual price - model price.

DTTM = time-to-maturity. MONEYNESS = futurss price/exercise price.

VOLATILITY = the historical volatility estimate.

INTEREST = riskless interest rate.

LIQUIDITY = difference in seconds between traded option and 11:00 a.m.

* = Critical F- and t-values calculated according to Leamer (1978); t = 2.95; F = 9.26.
dF(RECIIRESSION) = F-statistic to test hypothesis that coefficients on all variables are
jointly insignificantly different from zero.

F(SEASONALITY) = F-statistic to teet hypothesis that coefficients on seasonal dummies are
?'oint‘ly insignificantly different from 2ero.

F(CONTRACT) = F-statistic to test hypothesis that coefficients on contract dummies are
Jointly insignificantly different from 2zero.
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TABLE 13. PRICING BIAS REGRESSIONS FOR FEEDER CATTLE OPTION PRICING
MODELS: HISTORICAL VOLATILITY ESTIMAIE.a
— AMERICAN MODEL —EUROPEAN MODEL
COEF - T P COEF - T P
vARIABLE'  FICIENT® VALUE VALUE  FICIENT  VALUE VALUE L]
CALLS (QBS = 868);
INTERCEPT -0.3595 -0.81 .4169 ~0.4951 =1.12 . 2636
TT™ 1.3375# 8.23 . 0001 1.3717% 8.45 . 0001
MONEYNESS 0.2693 0.7 .4754 0.3968 1.05 . 2930
VOLATILITY -8.3189% -23. 11 . 0001 ~-8.3003* -23.08 .0001
INTEREST 21.6856% 7.268 .0001 21.7736% 7.29 . 0001
LIQUIDITY 0.0001 0.89 .3756 0.0001 0.90 .36876
SUMMARY STATISTICS
R2 0.4228 0.4225
ADJUSTED R2 0.4192 0.4192
F(REGRESSION)d 126.3160% 126.2860%
p-value (.0001) (.0001)
PUTIS (OBS = 1,171):
INTERCEPT 0.0598 0.19 .84B2 0.1149 0.37 L7125 ‘
TT™ 1.2900% 11.02 .0001 1.3159* 11.24 . 0001
MONEYNESS -0.2182 -0.87 .3837 ~0.2798 -1.12 .2843
VOLATILITY ~-8.8833* -29.76 .0001 ~-8.8584* -29.69 . 0001
INTEREST 26,4460 10.786 .0001 26.5026% 10.79 . 0001
* TAUIDITY -0.0001 -1.76 .0793 -0.0001 -1.76 .0780
SUMMARY STATISTICS
) @
R 0.4894 0.4899
ADJUSTED R2 0.4872 0.4877
F(REGRESSION)d 223.5290% 223.9480*
p-value (.0001) (.0001)
@

aTho dependent variable is actual price - model price in units.

TTM = time-to-maturity.

MONEYNESS = futures price/exercise price.

INTEREST = riskless interest rate.

VOLATILITY = historical volatility estimate.

LIQUIDITY = differsnce in seconds between traded option and 11:00 a.m.

Co = Critical F- and t-values calculated according to Leamer (1978); t-value for call

put) = 2.65 (2.73) and F-value = 6.87 (7.12). ®
F (REGRESSION) = F-statistic to test hypothesis that coefficients on all variables are

jointly insignificantly different from zero.
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TABLE 15. PRICING BIAS REGRE3SIONS FOR FEEDER CATTLE OPTION PRICING
MODELS: AT-THE-~MONEY IMPLIED YOLATILITY ESTINATE.a

— AMERICAN MODEL =~ __EUROPEAN MODEL

COEF -~ T P COEF - T P
VARIA 0 F
CALLS (QBS = B868):
INTERCEPT -0.2103 -1.03 .3031 -0.3189 -1.54 L1219
TT™ 0.0185 0.25 . 8054 0.0292 0.39 .6970
MONEYNESS 0.1708 0.98 .3293 0.2765 1.58 L1155
VOLATILITY 0.0091 0.09 TR 0.0113 0.12 . 9076
INTEREST 0.2527 0.18 0.2852 0.19 .8529
LIQUIDITY 0.0001 2.12 . 0001 2.16 .0308

SUMMARY STATISTICS

A
7

R* 0.0067 0.0089
ADJUSTED R2 0.0009 0.0031
F(REGRESSION)d 1.1630 1.5420

p-value (.3255) (.1730)
BYTS (1,171):
INTERCEPT -1.1619% -8.43 . 0001 -1.1174% -8.14 . 0001
TT™ ~-0.0169 -0.33 L7393 -0.0199 -0.39 .6946
MONEYNESS 1.09942 9.98 . 0001 1.05842 9.64 . 0001
VOLATILITY 0.2185% 3.40 .0007 0.2208% 3.48 . 0006
INTEREST 0.8274 0.56 .5773 0.6274 0.58 .5755%
LIQUIDITY -0.0001 -2.53 .0115 ~0.0001 -2.58 .0108
SUMMARY STATISTICS

]
R* 0.1001 0.0958
ADJUSTED R2 0.0962 0.0917
F(REGRESSION)u 25.9280¢ 24.6570%

p-value (.0001) (.0001)
a'I'r'no dependent variable is actual price - model srice in units. -

TIM = time-to-maturity.
MONEYNESS = futures price/exercise price.

INTEREST = riskless intsrest rate.
VOLATILITY = historical volatility estimate.
}IQUIDITY = difference in seconds between traded option and 11:00 a.m.
% = Critical F- and t-values calculated according to Leamer (1978); t-value for call

put) = 2.6% (2.73) and F-value 6.87 (7.12). 4
F(REGRESSION) = F-statistic to tsst hypothesis that coefficients on all variables are

jointly insignificantly different from zero.
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Figure 5. Volatility Pricing Bias:
European Model, Live Cattle Puts

Actual Premium - Model Premium ($/cwt.)
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Figure 6. Volatility Pricing Bias:
European Model, Feeder Cattle Puts
Actual Premium - Model Premium ($/cwt.)
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Figure .. .Aoney 2ss Pricing Bias:
European Model, Live Cattle >uts

Actual Premium - Model Premium ($/cwt.}
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Figure 8. Interest Rate Pricing Bias:
European Model, Live Cattle Puts

Actual Premium - Model Premium ($/cwt.)
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