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ALTERNATIVE STRATEGIES FOR MANAGING PRIGE RISK WITH OPTIONS

Robert J. Hauser and James §, Eales*

The following Statements appeared in & recent advisory newsletter: "If

Investor Services, Ine., p; 4). While it is not clear to ug what comprises
"ambitious" and "aggressive" marketing behavior, these types of statements
reveal two points about option hedging that are often made. First, options
pProvide an €asy means to vary the "risk and rewardn levels facing the
hedger. Second, these risk/return levels must be assessed by the hedger.
This paper addresses these two points by Providing estimates of the expected

Strategies were chosen for analysis on the basis of what we found being
Proposed by brokerage houses, advisory services, and exchanges. A target
deviation model ig used to describe the expected risk and return of each
Strategy under different assumptions about basig risk and the seller’s Price

Methodologx

The risk/return Measurements presented in this paper represent an
extension of previous work (Hauser and Andersen; Hauser and Eales) in two
Léspects. First, additional short-hedging Strategies are examined here.
Second, the earlier model isg éxtended by incorporating basis uncertainty.

Pertaining only to those outcomes falling below a target outcome (p. 123).
Holthausen extended this concept by defining "return® as a function of out-
comes above the target. The following target-deviation specification has anp

BT = fZ(Y-G)ﬁF'(Y)dY,

*hoolor————— . : : .
*Assistant Professors, Department of Agricultural Economics, University of
Illinois, Urbana-Champaign.




where RK and RT are risk and return, respectively; G is the goal or target
level below which outcome Y is associated with risk and above which oyt-
come Y is associated with return; « and B are risk Preference Parameters:
and F'(Y) is a probability density function. Empiriecal Support for using
the implied utility funection is provided by Holthausen and by Fishburn ang
Kochenberger. They convert various utility functions from other studies in
terms of «, B, and G and Suggest that the flexibility offered by the x-f-G
model is needed to reflect the changing risk behavior that an individual

often exhibits.

ranges of the ending futures Price outcome, Fp. For example, Ep for
Strategy I (long cash and long put) ig the cash Price at expiration, Cr,
Plus the return from holding the Put, Pp-P,. This general description can
be rewritten, depending on the value of Fr relative to the exercise price of
the put, XP, 1f Fr<XP, then Py is the intrinsic value of the option, X-Fp.

If Fp>XP, the option is worth nothing at expiration.

Uncertainty in Ep can be thought of as arising from three Sources:
futures Price, cash Price, and basis. As described above, the effective
Price is defined differently for a given Strategy, depending on the Yange in
which Fr falls., oOne source of uncertainty is not knowing what this range
will be when the hedge is placed,. Additional uncertainty for ap individual
futures-price range is caused by either cash pPrice variability or basis
vVariability, Basis uncertainty exists if both Ct and Fr appear in the
€quation. When Ct appears without Fp, cash Price uncertainty exists but not
basis uncertainty. Note that, for exXample, when Fp<XP in Strategy I, Ep
depends on the difference FT-CT. For Fp>XP, Epr is a function of Cr but not
basis,

The general functicng used to estimate rigk (RK) and return (RT) are:

F UBC

UB
RK’ILB LBC

x ’ ’
(G-ET) L (CTIFT)L (FT)dCTdFT
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UBFUBC . .8, ;
RT = fLB ac(Bp-6)"L (CpIFp)L (Fp)dC,dF,,

where L' (Cp|Fp) is the conditional density of cash Price Cp, given futures
price Fr; L'(Fp) is the marginal density function for Fp. It is assumed
that the target, G, is the eéXpected price under a completely hedged
position; i.e., the current futures Price, F,, minus the expected basis.
The level of expected basis is set at zero and thus the target is the
current futures price. The lower and upper bounds of integration over the
futures price distribution (LBF and UBF) are defined for each strategy by
the Fp limits given in Table 1. The limits of integration for the con-
ditional cash distribution (LBGC and UBC) are found by subtracting the
relevant Er equation (Table 1) from G. The resultant Cr range yielding a

that the cash and futures price distributions are both lognormal. Log-
normality is consistent with most option valuation models. Furthermore, we

first differences were calculated for both the cash and March futures series
for each December-February period during 1967-1983. Each of the 17 variance
Pairs were examined under the null hypothesis that the variances are equal
vVersus the alternative that they are not equal. The null hypothesis at the
.01 level is not rejected for any pair. The means of the two expected
distributions are also assumed equal, implying that the exXpected basis igs

Zzero. However, this does not imply that before éXplration the basis is

joint distribution of cash and futures Prices is determined under the
assumption that the correlation coefficient, p, for ln(FT) and ln(CT) is not
one. The degree of basis risk is directly related to l-p. We set p at .95

It is assumed that 5,000 bushels of soybeans are hedged at the Chicago
Board of Trade. The futures price is $6.00 per bushel when the hedge is
Placed. The hedge is 1ifted after three months at option expiration, Most

newsletters or from discussion with market advisers. Three Strategies (IV,
V, and VII) were not found in our search but are considered because they
offer the Counterpart to other Strategies (III, VI, VIII). Each Strategy
is defined in footnote b of Table 1. Unless "delts neutral" is specified,
one option is sold or purchased. "Delta neutral" means that the number of

the option portfolio value with respect to the futures pPrice, given Black’s
solution, Continucus use of this Strategy over time is the foundation on
which the option valuation model is based. However, it is assumed here
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that all hedges are routine and thus new positions in the option market are
not acquired during the three-month hedging period.

The option is priced with Black’s model using an annualized interest
rate of eight percent and five strike Prices. The volatility used is 23
when expressed as the annualized standard deviation percentage. This

base case is defined in which the seller’s expected volatility is also 23
and expected price is the current futures Price, $6.00. Under these
assumptions, the ending lognormal distribution expected when the hedge is

deviates from the current Price. Deviations from the annualized volatility
of 23 are based on Hauser and Andersen’s estimates of representative
forecast errors in volatility. The alternative volatilities used are 19,
21, 25, and 27.

The base case is also defined by a=8=1, Although this implies risk
neutrality in a risk preference framework (Holthausen), we believe it is the
most useful perspective insofar as it reveals the market's estimation of
expected deviation from the target. The extent to which this is so depends
on whether F, is the market’s forecast of spot Price and whether the pre-
mium’s implied volatility (23) is the market’s forecast of variance. In
other words, it depends on whether the pPrice and variance parameters
expected by the market can be observed. Using exponential weights different
than one places the "objective" market estimates of target deviation into a
subjective framework. However, cases are considered in which « and B are
not one. When « ig greater (less) than one, risk aversion (seeking) is
implied for outcomes below the target. When 8 is greater (less) than one,
risk seeking (aversion) is implied for outcomes above the target,

The risk/return estimates for each strategy and case are presented in
Table 2. They are summarized and discussed below by four scenario types:
the base case; the base case with deviations in price expectation and
variance expectation; the base case with deviations in risk preference para-
meters; and the base case with deviations in basis risk level.

Base

The base-case results emphasize that there is no free lunch. For each
strategy, as return increases, risk increases. Risk and return are always
equal here for three reasons. First, o=g=1, Second, the density function
used to price the option is also used in forming expected deviations above
and below the target. Third, the target is the expected hedged price
(current futures Price minus expected basis). For cases discussed later, we
will maintain the third condition but not the first two.

The unhedged or open position of the base has a risk and return level
of .28 while the completely hedged level is .09, The array of risk/return
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combinations for an option strategy is usually bounded by these levels.

This range of risk/return levels between the unhedged and hedged position is
perhaps the most important characteristic of options as a hedging tool. 1If,
for instance, only 5,000 bushels are available to be hedged at the Board,
then the hedger can choose between two levels of risk/return when
considering a routine hedge with futures--the unhedged level (.28) and the
hedged level (.09). The availability of options expands this choice set
considerably. When the potential hedging quantity increases, more than two
income risk/return combinations are available with futures since total
quantity need not be hedged. Therefore, the Practical importance of the
contract divisibility constraint is greatest at small hedging levels. Even
at large finite levels, however, there are always more combinations availa-
ble with options than with futures.

Two of the strategies have risk/return levels outside the hedged versus
unhedged bounds, Strategy IX (short cash, long call) has a risk/return
level that is less than the hedged level. This is because no basis risk is
incurred when using this strategy. Indeed, this strategy replicates
Strategy I when there is no basis risk, In our search for recommended
option strategies, we found that the two most frequently advised strategies
were I and IX; that is, it was often recommended that the producer either
buy a put or sell the commodity and buy a call. Although we suspect that
the perceived difference between the strategies is often exaggerated, there
are at least two important reasons why they can differ. The first reason is
illustrated in the results shown here. Basis risk causes the risk/return
level of the short-cash strategy to be less than the risk/return level of
the long-put strategy for a given strike price. This difference increases
as the strike price increases. The second reason is not illustrated here
but concerns the hedger’s belief about what the return to Storage will be
relative to the interest rate,.

The second strategy not bounded by the unhedged and hedged levels is
the long straddle (Strategy VI). The strike of 5.50 has a risk/return level
of .29, as opposed to the unhedged level of .28. The long straddle is the
same as the long put Strategy except that more than one put per 5,000
bushels are purchased. The number of puts in the straddle is determined
such that incomes from the option and underlying commodity positions are
offsetting when the underlying commodity price changes. When the number of
Puts is adjusted continuously, this offsetting effect causes the hedge
portfolio to be riskless. However, if the delta-neutral position is
established only once and then held for three months, the resulting risk
level is greater than other option positions. For instance, "delta neutral"
Strategy VI yields larger risk/return levels than the long-put position (L)
for a given strike, begging the question of how many puts are needed to

solution to this question but have not tried to find it. We did, however,
vary delta from .10 to 2 by increments of .10, meaning that the number of
Puts (one divided by delta) was varied from 10 to .5. For both the short
Straddle and long straddle, the delta at each strike that yields the lowest
risk/return level in this static framework is greater than the delta used in
the continuous trading scenario on which the option-valuation model is
based.




Finally, with respect to the base-case results, note that the risk/
return level of the unhedged position (Strategy X) is reduced by about 70
percent through hedging (Strategy XI). This reduction is consistent with
the results of hedging effectiveness studies that measure the return vari-
ance of a hedged position relative to the variance of an unhedged position.
For example, Ederington estimates that the unhedged return variance can be

given the minimum variance ratio of futures to cash positions. Using the
three-month March soybean data referred to earlier, the average reduction is
estimated at 75 percent when the basis expectation model is based on the
market’s storage return forecast (see Garcia et al., Method II).

Price and Variance Ex ectations
s===—<=uL ~arlance Expectations

When price and variance expectations deviate from the market’s ex-
pectations, risk is not equal to return for a given hedging alternative and
it is therefore possible for one alternative to dominate another. a hedging
alternative, A1, dominates another alternative, Ag, if the risk of A1 is not
greater than the risk of A2, and the return of Ay is not less than the
return of Ay, and at least one of these inequalities is strict,

necessarily dominated by others that have returns greater than risks. For
instance, when the seller expects a price of $5.70, the long straddle (VI)
yields a return that is larger than risk at each strike. The short cash,
long call strategy (IX) has returns less than risks, None of the strikes of
VI dominates the 6.50 strike of IX because risk levels of the long straddle
do not fall below the .09 level, However, the bear Spread strategy does
dominate this alternative. 1In this risk-neutral context (aw=f=1), it is

returns less than risks. In the few cases here where nothing dominates an
alternative in which risks are less than returns, it is usually because we
have not defined other strategies which would dominate, Therefore, we wish

high prices are expected, whereas return is less than risk when low prices
In contrast, the signs change between the delta Strategies
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ummary Information on Strategies I, II, V, and VI,

Delta :Delta
Long Long Short Short

Put Put Call Call

I VI II v

b i
Expectation®  (RT>RK) RT>RK (RT>RK) RT<RK
Expectation RT<RK  ((RT>RK))C RT<RK (RT<RK)
Variance Expectation RTSRK ((RT>RK)) (RT<RK) RT<RK
setance Expectation (RT<RK) RT<RK RTSRK

strategy,

¢ Two sets of Parentheses mean

d1f x is under 1, PUt strategies not domi

Strategies not dominated.

s that a strike of that Strategy is usually
not dominated by any of the other Strategies. '

nated; if under II, call
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(VI and V) for a given price expectation. When variance expectations vary
from the base case, the signs change between the simple put and call
Strategies and between the delta put and call strategies,

The signs of the variance-expectation cases are perhaps more intuitive
than those for the Price-expectation cases. (As will be discussed below,
this is probably because our Intuition is biased toward risk-aversion
results.) When variance expectation is high (low) relative to the implied

the investor foresees only "sideways movement" in prices, then a short
straddle should be acquired. Long straddles should be used when the
investor believes that large price changes are likely but that direction is
unknown. Thisg analysis shows that these types of descriptions should be

hedger’s variance éXpectation and the implied volatility. The hedger may,
for instance, believe that price volatility will be "low® but if this ex-
pectation is greater than the market’s variance forecast (i.e., the implied
volatility) then hedging with calls yields risks that are greater than

Price by a minimum level. The Price expectations used here meet this
minimum level but other expectations closer to the current price would not
cause the returns to be greater than risks. Also, since the deviations are
larger than the critical minimum, the short strangle (V) has returns that

results because it does not suggest that a short Put position is preferred
to a long call when Prices are expected to fall. However, these cases
reflect perceptions of a risk-neutral decision maker. We now consider the
effects of changing these preferences.

Risk Preference

As mentioned earlier, there is evidence that risk behavior can change
markedly at a critical target. Fishburn and Kochenberger find behavior that
reflects both risk seeking and averse behavior for outcomes above as well as
below the target. However, among the four combinations of behavior, the
MOSt prevalent combination found was risk aversion above the target and risk
seeking below the target (i.e., in this study’s framework, «<1 and g<1).
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» II, V, and VI. An "X" inder the

by II and that VI is never domi-
Likewise, an "X" in the call column means that II is never

by I and that V is never dominated by VI. All results for the
e case preferences (as well as others tried but not shown) yield
nd returns that are not comparable between I and VI and between IT
" That is, no domination occurs between these two pairs.

d when there is either risk aversion below the target («>1) or risk

above the target (>1). The opposite is true for calls. | As high-

d by Hauser and Eales, this result implies that risk aversion below
rget encourages the use of Put options. This type of risk aversion

be thought of as being directly related to how much value the hedger
on the put’s floor effect. In contrast, risk aversion above the

The most conducive preference
Given Fishburn and
berger’s frequent finding of «<l and B<l, and given Holthausen’s

on of @=.4 and f=.8 for grain farmers, perhaps we should not be

ised if farmers do not use puts., These results, however, certainly do
mply that farmers would not use calls.

arget, risk seeking for outcomes above the target, expects the vari-
‘to be higher than the implied volatility, and does not believe that
res price is the correct unbiased forecast. The direction in which the
*ast is biased determines which put strategy will be used (i.e.|, I

s VI). Furthermore, if a high price is expected, some of the short-
+-strikes (II) are not dominated. The conditions most conducive to

1ng calls are when the hedger is risk seeking below the target, risk

¢ above the target, and expects a variance that is less than the
tied volatility,

are cases in which the base-case p of

» and to .9 and .§ (increased basis

The resulting risk/return changes from the base
risk is still equal to return for a given strike and
non-comparable in g dominance sense.

S changed to 1.0 (no basis risk)
over the base case).

~are only in level;
fore strategies are




The effects of increasing basis risk are different, depending on
Strategy and strike. For the long put and short call strategies (I and I1),
there is virtually no basis-risk effect for options that are out of the
money by 50 cents. This is because the Probability that the option will be
exercised (or offset) at expiration is small; therefore, the probability
that the effective Price is a function of the basis is also small. When the
options are 50 cents in the money, risk/return increases by about twofold
when changing » from 1.0 to .9. Our p calculatins for 1967-83 indicate that
the .9 level is common. Therefore, the effect of basis risk when using in-
the-money options should not be ignored in practice. The effect on (deep)
out-of-the-money options seems minimal.

absolute responses in risk/return to the changes in p because, in concept,
more options are exercised when exercise is desirable, Thus, the effect of
basis risk depends generally on three factors: the strike, the number of

When p is .8, .9, .95, and 1, the risk/return level when hedging with
futures (ZI) 1s, respectively, .17, .12, .09, and 00, indicating a non-
linear relationship between p and risk/return level. However, varying p

Concluding Remarks

We conclude this paper by simply highlighting six select points
illustrated in the analysis. (1) Hedging with options is not a free lunch.
Regardless of strategy, as return increases, risk increases. (2) The short
cash, long call Strategy is the same ag the long cash, long put strategy if
there is no basis risk. (3) "Delta-neutral" positions do not minimize
eéxpected risk if the Position is held over an extended time period. The
delta should be increased if the objective is to minimize the risk, (4)
Marketing advice, particularly on the use of such strategies as long or
short straddles, should emphasize the hedger’s variance eéXpectation relative
o the implied volatility of the Premium. (5) The use of puts is most
likely when the hedger is risk averse over outcomes below the expected hedge
Price, risk seeking above the Price, expects the variance of log-prices to
be greater than the premium’s implied volatility, and believes that the
futures price is a biased forecast. The direction of bias influences the
type of put strategy preferred. (6) The effects of basis risk on expected
risk/return levels can be quite different, depending on the option strategy
and strike price.
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