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CHAPTER I

PROFIT MARGIN HEDGING

Introduction

Some extension economists and others often recommend profit margin hedging,
in which a producer sells a crop preharvest by short hedging whenever prices are above a
target. However, this strategy recommendation is without a research base. The strategy
is also included in undergraduate textbooks such as Purcell and Koontz (pp. 329-330).
With recent high prices, producers have forward contracted more of their crops, which
provides evidence that some producers follow such a strategy. However, the theoretical
assumptions that would justify such a strategy have never been developed.

Some empirical studies (Leuthold and Mokler 1980; Kenyon and Clay 1987;
Johnson et al. 1991) have found that a profit margin hedging strategy is profitable for
producers or investors but did not include significance tests. Girma and Paulson (1998)
studied the statistical behavior of crack spreads (the price difference between refined
energy products and crude oil) and they conclude that historically simple buy and hold
trading strategies are profitable and in many instances are significantly greater than zero.
These previous studies, however, do not provide any theoretical justification for using

profit margin hedging.



This research focuses on answering the question, “What assumptions for
producer’s utility and price process can justify profit margin hedging?” The paper
determines the producer’s utility function and price processes where profit margin
hedging is optimal. A statistical test of mean reversion in agricultural futures prices is
conducted. Simulations are conducted to compare the expected utility of a profit margin
hedging strategy with the expected utility of other strategies such as always hedging and

selling at harvest.

Theory

Expected Target Utility

The goal of this section is to derive a theoretical model where profit margin
hedging is optimal. The mean-variance (E-V) model is the most commonly used to
analyze choices under uncertainty. Optimal hedging strategies under E-V, such as those
of Johnson (1960), Stein (1960), and more general models such as Lence (1996) do not
lead to profit margin hedging strategies being optimal. Simiarly, mean semivariance and
mean target-semivariance models such as those of Dejong et al. (1997), Lien and Tse
(1998, 2000), Chen et al. (2001), and Turvey and Nayak (2003) do not lead to profit
margin hedging rules being optimal. Some previous studies argue that E-V analysis has
several well-known theoretical shortcomings (Fishburn 1997; Holthausen 1981).
Fishburn (1977) proposed a mean-risk model which generalized the mean-target
semivariance model (Markowitz 1959; Mao 1970; Hogan and Warren 1974; Porter 1974)
to address the shortcomings of the E-V model. The widely known shortcoming of the E-

V model is that if the outcome distributions are not of a location-scale form (such as



normal) or the utility function is not quadratic, the E-V model is not consistent with
expected utility. Fishburn’s model measured return as the mean of the outcomes, but
defined risk as weighted deviations of outcomes below target and the model assumes risk
neutrality above the target. Holthausen (1981) adapted Fishburn’s model by using the
same measure of risk but defining return as weighted deviations above the target to avoid
the risk neutrality restriction. To measure producer’s expected utility, this study adopts

Holthausen’s model in which the utility function is:

{ (r—1) forall 7>t
(1.1) U(r)=

—k(t—m)* forall 7 <t.
where 7 indicates profit, t represents the target, k is a positive constant, and & and f
reflect the risk preferences. If o <1 (¢ >1), then the producer is risk seeking (averse)

below the target. Then, the expected target utility can be written as

(1.2) EUon=jfcz—nﬂfundn—k[;u—zfjxmmz

where f () is the probability density function of 7 which is normally distributed with
mean 7 and variance o Laf producers hedge preharvest without basis risk, then the

profit is

(13)  7z=p(1-F)+p)F
where p is the price of crop at harvest, F is a hedge ratio, and pj? indicates the futures

price at the time of the hedge. Then, equation (1.2) is rewritten as
) A
(14)  EU(D)=[ (pA=F)+ p)F =ty f(m)dp—k[ " {t=p(l—F)=p)F}* f (m)dp

where



A= 1— 1 F (t - pyF )
f(p) 1is the probability density function of p which is normally distributed with mean p
and variance o, and F is the choice variable. Equation (1.4) will be optimized when the
first derivative with respect to F equals zero. The first order condition of equation (1.4)

18

(15)  EU'(m)==[Blp=F)+ pjF -1 (p-p)) f (m)dp

~[tpa=F)+ pyF- t}ﬁaf(”)z(l F)oldp

7[

B B 0 B t—p?-
{A0-F)+ p;F -t} f(?f)(l_F)2

—kfwa{f—pﬂ—F)—p?-F}‘“(p—p_2>f<7z>dp

+k[fe-pa-F)- pyF)” af(”)z(l F)o’dp

1-p)
(1-F)*

—k{t=A(-F)—-p;F}* f(7)
The third and the last term in equation (1.5) become zero since A equals
(t— p?F)/(l —F). If ¢ and g are equal, and k is one, then equation (1.5) can be

rewritten as

(1.6)  EU'(m)==[ "alp-F)+p)F -1} (p—p))f (x)dp

[ tpa- Py ppr -0 L0 20- piozap

/4



-fwa{f—PO—F )= pyFY  (p—p})f(m)dp

+J'_A {t—p(1—F)- plF)° af(’j) 2(1- F)oldp.
® oo,

Then, the first and the third terms in equation (1.6) cancel out. If price pj? is

above the target and all the crop is hedged — that is, F equals one — then the second and

the last terms are zero and equation (1.6) will be zero. If price p? is below the target and

producers do not hedge — that is, F equals zero — then there is no interior solution and the
optimum is the lower bound of zero. The shape of expected utility when price p?. is
below the target, in figure I-1, confirms that expected utility is highest when the hedge
ratio is zero. Therefore, profit margin hedging where the producer hedges all when prices
are above the target and none when prices are below the target is shown to be an optimal
strategy under a highly restricted target utility function where a producer has the same
level of risk preferences above and below the target, and k equals one.

In the case of relaxing the assumptions that ¢ and £ are equal and k equals one,
it cannot be solved analytically, so numerical methods must be used instead. Figures -1

through I-3 show expected utilities as futures price p;’, changes for alternate on values of

a and f. If a equals £, as in figure I-1, then a producer hedges all of the crop when
the futures price is greater than the target, but does not hedge when the futures price is
less than the target. In this case, profit margin hedging is optimal, confirming our theory.
In the case of o smaller than /£, in figure I-2, the producer’s hedging behavior is
equivalent to the case of & = £ . In contrast to figure I-1, which is monotonic, figures

I-2 and I-3 are non-monotonic. The reason why figures -2 and I-3 are not monotonic



is that the utility function is not concave or convex; because the utility function has a
different form above and below target, risk seeking dominates producers’ risk preferences
until some point of the hedge ratio but risk aversion dominates their risk preferences after
that. Figure -3 shows that if « is greater than £, producers hedge all of the crop when
the futures price is greater than the target, but also hedges a portion of the crop when the
futures price is less than the target. These numerical solutions show that profit margin

hedging can be an optimal strategy when & does not equal £, but the optimal strategy is

not always all or none.

Some studies (eg. Lence 1996) showed that the optimal hedge ratio typically
decreases in the presence of basis risk, yield risk, transaction costs or multiple crop
outputs. Moschini and Lapan (1995), for example, showed that increasing basis risk
results in a lower futures hedge ratio, and increasing yield risk also results in a lower
hedge ratio. Bond and Thompson (1985) found that a rise in the transaction or storage
cost leads to a decrease in the optimal hedging ratio. Fackler and McNew (1993) showed
that, under a multiproduct approach, the fully-hedged position is not optimal and it is not
optimal to hedge all commodities in the same proportion. Relaxing these assumptions is

expected to also reduce optimal hedge ratios under profit margin hedging.

Mean Reversion

Profit margin hedging has been suggested as a profit increasing strategy. Zulauf
and Irwin (1998) suggest that the success of selling before harvest depends on whether a
price bias exists. That is, mean reversion is a needed attribute of price behavior for profit

margin hedging to be a successful strategy. Therefore, this study provides a proof that



profit margin hedging is more profitable than the other strategies such as always hedging
and selling at harvest if futures prices are mean reverting.

The mean reverting futures price process can be written as
(L7 p-p;=Mp-p)+e
where p is random cash price which equals the futures price at the terminal point of the
hedge (no basis risk), p? is futures prices at the time of the hedge, p is the long-run
average price, and & is an error term with mean zero and variance o. The estimated

coefficient A is the mean reversion speed by which p? revert toward p .

If a one-time period model is used, producers’ expected profit function can be

obtained by taking the expected value of equation (1.3).
(1.8)  E[r]=E[1-F)p+p)F]
If futures price follows a mean reversion process, equation (8) can be rewritten as
(19 Elz]=Ela-F){p} + 2@ - p))}+ p)F]
= E[a-F)p’ + 20~ F)(p-p)+ p'F]

= (I-F)p} + A= F)(p - py) + pyF

p)—p)F+A(1-F)p-p))+p)F

py +AU=F)(p-p})
If p?. is greater than p, then F =1 and we can rewrite equation (1.9) as
(1.10)  Elz|PMH, p! > p|= p = E[z|AH]> p° + A(p - p") = E[p] = Elx|sH]

where PMH indicates profit margin hedging, AH indicates always hedging, and SH is

Selling at harvest.



If p?. is less than p, then F =0 and we can rewrite equation (1.9) as
(111)  E|z|PMH. p® < p|= p% + A5 - p}) = ElnlsH]> p = E[z|AH].
Since A is greater than zero and the futures price p?. is less than the long-run average

price p, the expected profit conditioned on profit margin hedge is greater than p_(;. which

is the expected profit conditioned on always hedging. Therefore, profit margin hedging is
more profitable than other strategies such as always hedging and selling at harvest, if
futures prices are mean reverting.

It is important to note that the above derivation is based on a static one-period
model. If the problem is made dynamic and producers are allowed to hedge at anytime,
the profit margin hedging rule would still be profitable, but would no longer be optimal.
The optimal rule could be derived similarly to what Fackler and Livingston (2002)
derived for cash prices. In their model, if grain prices are below the mean, it is best to
store since prices will revert to the mean. If grain prices are unusually high, it is best to
sell immediately. If prices are near the mean, there can be a real option value from
waiting since there is the opportunity to wait and select a time to sell when prices are
unusually high. In that case, the expected profit maximizing target price would decrease

as harvest approaches since there is less opportunity for price to increase above the mean.

Data

The chosen agricultural commodities are Oklahoma hard red winter wheat,
[llinois soft winter wheat, soybeans, and corn. This study uses the July futures contract

prices for wheat from the Kansas City Board of Trade (KCBT) and from the Chicago



Board of Trade (CBOT), November futures contract prices for soybeans and December
futures contract prices for corn from the CBOT. Futures prices for KCBT wheat are
obtained from KCBT and for CBOT wheat, soybean, and corn are obtained from Prophet
Financial Systems, Inc.

To test mean reversion, this study uses daily data. The sample period extends
from August 1975 through May 2006 for KCBT and CBOT wheat, from December
1975 through October 2006 for soybeans and January 1975 through December 2006 for
corn. July observations for KCBT and CBOT wheat, November observations for CBOT
soybeans and corn are deleted since these observations are for the delivery period.
Markets are thin during this time and can be quite volatile. No price changes across
contract years are used.

To conduct the simulation, Oklahoma June average wheat cash prices and prices

for the July futures contract on September 20™ from 1975 to 2005 are used. We use 31
years data for simulations whereas 32 years data for a mean reversion test since we do not
have the 2006 economic cost of production. Five year moving averages of basis and
yield of crops are used to make hedging decisions with basis risk and yield risk. For the
case of multi-crop producers, the study used Illinois June average cash price for wheat,
and Illinois October average price for soybean and corn.

For Illinois wheat, the July futures contract prices on September 20™ from 1975
through 2005 are used. For Illinois soybean and corn, futures prices for the November
contract and the December contract for soybean and corn, respectively, at May 10" from
1975 through 2005 are used. The Illinois monthly average cash prices are obtained from

National Agricultural Statistics Service (NASS) of the United States Department of



Agriculture (USDA). This study used 70% of economic costs of production as targets for
KBCT wheat and 80% for CBOT wheat and 100% for CBOT corn and soybean since the
economic costs include many types of cost and it is too high to use as the target in KBCT
and CBOT wheat. These choices depend on the number of hedges for the 32 year period.
If the cost is set too high, a producer would seldom hedge. If cost is set too low, a
producer would always hedge. For the costs assumed here, a hedge is placed 16 times of
31 years for KBCT wheat, 17 times for CBOT wheat, 16 times for CBOT corn, 20 times
for CBOT soybean. The economic costs of production for the three crops from 1975 to
2005 are obtained from the Economic Research Service (ERS) of USDA (2008). The
yield data of Oklahoma wheat at Garfield County, Oklahoma, and Illinois wheat, soybean,
and corn in Livingston County, Illinois from 1975 to 2005 are obtained from NASS of

USDA.

Procedures

This paper has two main procedures — simulation to compare the expected utility
of profit margin hedging strategy with the always hedging and the selling at harvest
strategies, and mean reversion testing for KCBT and CBOT wheat July futures prices,
CBOT soybean November futures prices, and CBOT corn December futures prices. The
expected utility is measured by taking the average utility across 31 years. To test mean

reversion, the variance ratio test is employed.
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Measure of Expected Utility

Five scenarios are considered for each of three hedging strategies — hedging
without risk, with basis risk, with yield risk, with yield and basis risk and with multiple
crops. To measure expected utility without basis risk, a perfect foresight model is used
which assumes actual harvest basis is known at the time of the decision. In this case,
under a profit margin hedging strategy, if the sum of futures price at the time of the
decision and foresighted basis is greater than the target return, then producers hedge all
crops, otherwise they hedge none and sell the crops at harvest.

If basis risk were considered, producers hedge all when the sum of futures price
at the time of the decision and average basis is greater than the target return otherwise
they do not hedge. With yield risk, producers hedge all crops if the average returns that is
the sum of futures price at the time of the decision and the foresighted basis multiplied by
average yield is greater than the target multiplied by average yield. In the case of
multiple crops, the producer hedges all crops when the total returns — that is, the sum of
futures price at the time of the decision and foresighted basis multiplied by quantity
produced for each crop — is greater than the total target that is the sum of target multiplied
by quantity produced for each crop.

We assume producers are risk averse above the target and risk seeking below the

target and pick 0.5 as the value of « and . We also assume a transaction cost of 1.2

cents per bushel but we do not consider margin calls. After calculating utility for 31

years from 1975 through 2005, expected utility is calculated as the average of utilities

(14) EU(ﬁ):%iU(ﬂl).

11



Variance Ratio Test

The idea behind the variance ratio test is that if the natural logarithm of a price
series P, is a random walk, then the variance of k-period returns should equal k times the
variance of one-period returns (Cochrane 1988; Kim et al. 1991; Lo and MacKinlay
1988; Poterba and Summers 1988). The general k-period variance ratio, VR(k) is defined

as

o’ (k)

15)  VREO)= 1o

where o (k) is the variance of the k differences and o (1) is the variance of the first
differences. The null hypothesis of interest is that VR(k) equals one. That is, VR(k) equal
to one implies that futures price follows a random walk process, whereas a variance ratio
of less than one implies a mean reversion process.

Lo and MacKinlay (1988) show that the variance ratio estimator can be

calculated as

1 nk .
(16) az(k):ZZ(R—R_k—kmz,
t=k

where
k
m = k(nk —k +1)[1——j and
nk
N cm=— S E-p, iy
) e ’
in which

A 13
H nk 4

1
(F-F)=—(F,—-F),
nk

M=

Il
—_

12



where Py and P, are the first and last observations of the price series. Since futures
returns have been shown to exhibit conditional heteroscedasticity (Yang and Brorsen

1993), we computed the asymptotic variance of the variance ratio, #(k), under

heteroscedasticity. The standard normal test statistic (Lo and MacKinlay 1988) is

_VR(k)-1 @

18 Z(k)y=——"—
19 20=ror

N@©,1

where

#(k) = Z[Z(kk_ D} 5())

Jj=1

and
nk 5 5
P = P = (P =Py — D)
o) =" ;
|:z(pr P~ ﬁ)z}
t=1
Chow and Denning (1993) derived the joint period test where the null hypothesis
i1s VR(k;) equals one for i =1,..., 1. The test statistic can be written as

(19)  ZV =maxZ(k,)

which asymptotically follows the studentized maximum modulus distribution (Stoline
and Ury 1979) under the martingale null hypothesis.

This study also conducts a variance ratio test using a new jackknife method
because of possible nonnormality. Specially, we use a jackknife approach where each
year is treated as a unit, so we delete each year of observations from the data set for each

sample. Then, the jackknife estimate of k-period variance ratio of futures price 0 (k) is

defined in the usual manner. Let &(k) be the k-period variance ratio of futures prices and

13



g’i (k) be the k-period variance ratio when the ith year observations are deleted from the
data set. Since we use 32 years data set from 1975 through 2006 for a mean reversion

test, the jackknife estimate of k-period variance ratio is calculated as the average of 51 (k)
~ 1 &~
Qh  Gk)=20K).
32°5

The jackknife estimate of the standard error of 7] (k)is

~

(22) @(k){%z{é(k)—e(k)}z} .

Then, the test statistic should be

0(k)—1
(23) t(k)= W ~ Ly

This jackknife approach is similar to that used with the Agricultural Resource

Management Survey (ARMS) and described by Dubman (2000).

Results

Table I-1 shows that achieves the highest average prices in all scenarios for all
crops, followed by always hedging and selling at harvest. Table -2 presents the results
of the paired difference tests of average prices for the profit margin hedging and other
strategies. The average prices of paired profit margin hedging and always hedging are
not significantly different from zero at a 5% significance level in all scenarios for all
crops except in no risk and yield risk scenarios for CBOT soybeans. The average prices

of profit margin hedging and selling at harvest strategies are significantly different from
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zero at the 5% significance level in all scenarios for all crops except in basis risk scenario
for KCBT wheat.

Table I-3 shows the expected utilities for the hedging strategies. The expected
utilities of profit margin hedging are higher than the other strategies which confirm the
theoretical findings. Always hedging has a higher expected utility than selling at harvest
in all scenarios. The results of the paired difference tests of expected utilities for the
profit margin hedging and other strategies are presented in table I-4. The expected
utilities of paired profit margin hedging and always hedging are not significantly different
from zero at a 5% significance level in all scenarios for all crops except the cases of no
risk and yield risk for CBOT soybean. The expected utilities of profit margin hedging
and selling at harvest are significantly different from zero at the 5% significance level
except in basis risk, and yield and basis risk scenarios for KCBT wheat and basis risk
scenarios for CBOT soybean. Thus, the expected utility results reflect that preharvest
prices were higher than harvest prices during this time period.

Table I-5 shows average prices and the expected utilities in the multiple crops
scenario. In the case of multiple crops, the average prices of the independent profit
margin hedging are the highest, followed by profit margin hedging, always hedging and
selling at harvest, respectively. The expected utility of the independent profit margin
hedging strategy is the highest followed by profit margin hedging, always hedging, and
selling at harvest strategy, respectively.

Table I-6 presents the results of the paired difference tests of average prices and
expected utilities for multiple crops case. We do not find any evidence that the average

prices and expected utilities of profit margin hedging and always hedging strategies are
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significantly different from zero at a 5% significance level. However, the average prices
and expected utilities of profit margin hedging and selling at harvest are significantly
different from zero at the 5% significance level. The table also shows that the average
prices and expected utilities of profit margin hedging and independent profit margin
hedging is significantly different from zero at a 5% significance level.

These results show that adding both price risk and yield risk reduces the expected
utility of the profit margin hedging rule. Also, if producers grow multiple crops, the
profit margin hedging rule would not be optimal even with a target utility function.
Thaler’s (1980) mental accounting where producers consider their price risk and yield
risk separately or divide their profits for each crop into separate pockets of money is
proposed as a possible explanation of the popularity of profit margin hedging.

The result of the variance ratio tests in tables I-7 and 1-8 show that both Z-
statistic and ZV-statistic values are not significantly different from 1.0 at the 5%
significance level for all crops which means there is little evidence of mean reversion in
futures prices for all crops. Table I-9 shows the result of the variance ratio test using the
jackknife approach. None of the #-statistics show significant differences from one at the
5% significance level for all crops which confirms the results that there is little evidence
of mean reversion in futures prices for all crops. Many of the estimated variance ratios
are even greater than one (although insignificant) which would indicate trend following
rather than mean reversion. If prices were trend following then using a technical analysis
rule would be optimal.

As shown in the theory section, profit margin hedging can be profitable if futures

prices are mean reverting. However, our mean reversion test results show no evidence of
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mean reversion in future prices. Furthermore, simulation results show that although
profit margin hedging is more profitable than selling at harvest in most cases, there is
little evidence that profit margin hedging is more profitable than always hedging except
in a few cases. Two possible explanations have been offered for the profitability of
preharvest hedging over this time period. One is that more buyers than sellers are
wanting to lock in prices and so the buyers are paying a risk premium. If this hypothesis
were correct, then the recent introduction of index funds (Sanders et al. 2008) would
serve to make preharvest hedging even more attractive. The other hypothesis is that the
market priced a small probability catastrophic event, which never happened during this
time period. If this hypothesis were correct, adding the 2008 crop year might remove the

apparent profitability of preharvest hedging.

Summary and Conclusions

Some extension economists and others often recommend profit margin hedging
in choosing the timing of crop sales. This paper determines producer’s utility function
and price processes where profit margin hedging is optimal. Profit margin hedging is an
optimal strategy under a highly restricted target utility function even in an efficient
market. Profit margin hedging can be profitable if prices are mean reverting.

Simulations are conducted to compare the expected utility of profit margin
hedging strategies with the expected utility of other strategies such as always hedging and
selling at harvest. A variance ratio test is conducted to test for the existence of mean
reversion in agricultural futures prices. The simulation results show that the expected

utility of profit margin hedging is higher than always hedging and selling at harvest
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strategies except in a few scenarios such as yield and basis risk for CBOT wheat and
yield risk and yield and basis risk for CBOT corn. Therefore, this result suggests that the
profit margin hedging would give the highest expected utility to producers in most cases
under the specified utility function. However, if a producer grows multiple crops or
considers both price risk and yield risk, the expected utility of profit margin hedging
strategy could be reduced and not be optimal even with a target utility function. Mental
accounting where producers consider their price risk and yield risk separately or divide
their profits for each crop into separate pockets of money is proposed as a possible
explanation of the popularity of profit margin hedging.

The paired differences tests of average prices and expected utilities for the profit
margin hedging and the other two strategies shows that, in most cases, both average
prices and expected utilities of profit margin hedging strategies are not significantly
different from those of always hedging strategies, but are higher than those of selling at
harvest strategies except in some yield and basis risk scenarios. This may be the result of
the time period being a time of unusually stable prices or it could be due to buyers being
more eager to lock in prices than seller.

With the variance ratio test, there is little evidence that futures prices of all crops
follow a mean reverting process. The results of variance ratio test using jackknife
approach confirm the result that there is insufficient evidence to conclude that futures
prices of all crops follow a mean reverting process.

Since we do not find evidence of mean reversion in futures prices and profit
margin hedging is not more profitable than always hedging except in a few cases, we rely

primarily on the theoretical proof using the shape of utility functions in figures I-1
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through [-3 as the primary justification to argue that profit margin hedging can be the

preferred strategy.
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Notes

1. The variance of profit, o, , equals (1-F)’o, where o is variance of p.
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Table I-1. Average Prices (cents/bu) for Hedging Strategies at September 20th
(1975-2005)

Strategies
Commodity Scenario Profit Margin Hedging ~ Always Hedging Selling at Harvest
KCBT Wheat No risk 330.10 319.78 311.03
Basis risk 327.13 319.78 311.03
Yield risk 329.11 318.24 311.03
Yield and basis risk 328.09 318.24 311.03
CBOT Wheat No risk 320.73 312.58 297.29
Basis risk 319.93 312.58 297.29
Yield risk 319.81 308.83 297.29
Yield and basis risk 318.99 308.83 297.29
CBOT Corn No risk 241.26 238.94 224.81
Basis risk 239.97 238.94 224.81
Yield risk 238.65 230.26 224.81
Yield and basis risk 237.32 230.26 224.81
CBOT Soybean  No risk 631.02 605.66 581.52
Basis risk 618.94 605.66 581.52
Yield risk 626.50 597.92 581.52
Yield and basis risk 613.21 597.92 581.52
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Table I-2. Paired Differences z-Ratios of Average Prices, (1975-2005)

Paired Differences

Commodity Scenario Profit Margin Hedging Profit Margin Hedging
vs. Always Hedging vs. Selling at Harvest
KCBT Wheat No risk 1.47 2.39%
Basis risk 1.13 1.78
Yield risk 1.30 2.55%
Yield and basis risk 1.26 2.19%*
CBOT Wheat No risk 1.23 2.88%
Basis risk 1.10 2.79%
Yield risk 1.37 2.88%*
Yield and basis risk 1.25 2.778%*
CBOT Corn No risk 0.47 3.16%*
Basis risk 0.13 2.86%*
Yield risk 1.10 3.19%
Yield and basis risk 0.82 3.26%*
CBOT Soybean No risk 2.22% 4.22%
Basis risk 1.43 2.45%
Yield risk 2.26%* 4.20%
Yield and basis risk 1.47 2.16%*

Note: t-critical value with 30 degrees of freedom at 5% significance level is 2.042.
* indicates significance at 5% level.
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Table I-3. Expected Utilities for Hedging Strategies at September 20" (1975-2005)

Strategies
Commodity Scenario Profit Margin Hedging ~ Always Hedging  Selling at Harvest
KCBT Wheat No risk 2.15 0.93 0.57
Basis risk 1.79 0.93 0.57
Yield risk 1.82 0.85 0.57
Yield and basis risk 1.74 0.85 0.57
CBOT Wheat No risk 1.94 0.73 -0.81
Basis risk 1.75 0.73 -0.81
Yield risk 1.87 0.55 -0.81
Yield and basis risk 1.67 0.55 -0.81
CBOT Corn No risk 0.48 -0.25 -2.28
Basis risk 0.03 -025 -2.28
Yield risk 0.20 -0.86 -2.28
Yield and basis risk -0.22 -0.86 -2.28
CBOT Soybean No risk 6.44 3.81 2.55
Basis risk 5.03 3.81 2.55
Yield risk 6.25 3.44 2.55
Yield and basis risk 4.75 3.44 2.55

Note: We use a = f# =0.5 as levels of risk preference below and above target.
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Table I-4. Paired Differences z-Ratios of Expected Utilities, (1975-2005)

Paired Differences

Commodity Scenario Profit Margin Hedging Profit Margin Hedging
vs. Always Hedging vs. Selling at Harvest
KCBT Wheat No risk 1.64 2.51%
Basis risk 1.46 1.49
Yield risk 1.28 2.47*
Yield and basis risk 1.40 1.81
CBOT Wheat No risk 1.71 3.07*
Basis risk 1.36 2.92%
Yield risk 1.78 3.13%
Yield and basis risk 1.41 2.94%
CBOT Corn No risk 1.19 3.64%
Basis risk 0.39 3.17*
Yield risk 1.51 3.75%
Yield and basis risk 0.91 2.89%
CBOT Soybean No risk 2.42% 4.43%
Basis risk 1.52 1.84
Yield risk 2.44% 4.38%
Yield and basis risk 1.54 1.63

Note: t-critical value with 30 degrees of freedom at 5% significance level is 2.042.
* indicates significance at 5% level.
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Table I-5. Average Prices and Expected Utilities for Hedging Strategies for Multiple
Crops Scenario (1975-2005)

Strategies
Item Profit Margin Hedging Independent Always Hedging  Selling at Harvest
Profit Margin Hedging
Average Prices ($/bu) 75.46 76.46 75.39 70.53
Expected Utilities 29.57 63.99 20.99 -10.58

Note: The dates of decision making are September 20™ for CBOT wheat and May 10™ for
CBOT soybean and corn.
We use o = £ =0.5 as levels of risk preference below and above target.

Table I-6. Paired Differences t-Ratios of Average Prices and Expected Utilities for
Multiple Crops Cases (1975-2005)

Paired Difference

Item Profit Margin Hedging Profit Margin Hedging Profit Margin Hedging

vs. Always Hedging vs. Selling at Harvest vs. Independent Profit Margin Hedging
Average Prices 0.07 3.47* -2.42%
Expected Utilities 0.98 3.66%* -2.99%

Note: z-critical value with 30 degrees of freedom at 5% significance level is 2.042.
* indicates significance at 5% level.
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Table I-7. Variance Ratio Tests for Futures Prices (1975-2006)

Commodity Return Horizon Variance Ratio Z-statistic
(k-days)
KBCT Wheat 2 1.020 0.892
5 0.984 -0.232
10 0.977 -0.200
20 0.938 -0.377
CBOT Wheat 2 1.007 0.357
0.952 -0.738
10 0.922 -0.842
20 0.848 -1.056
CBOT Corn 2 1.033 1.857
1.046 0.547
10 1.048 0.510
20 1.094 0.643
CBOT Soybean 2 1.001 0.068
5 0.995 -0.091
10 0.963 -0.398
20 0.991 -0.068

Note: July observations are deleted.
Standard normal distribution Z at 5% significance level is 1.96.

Table I-8. Joint Variance Ratio Tests for Futures Prices (1975-2006)

Commodity VR(2) zv

KCBT Wheat 1.020 0.892
CBOT Wheat 1.006 1.056
CBOT Corn 1.033 1.857
CBOT Soybean 1.001 0.431

Note: July observations are deleted.
Studentized maximum modulus distribution with 20 and infinity degree of freedom
at 5% significance level is 3.643.
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Table I-9. Variance Ratio Tests for Futures Prices Using Jackknife Approach(1975-

2006)
Commodity Return Horizon Variance Ratio t-statistic
(k-days)

KBCT Wheat 2 1.024 1.148

5 1.000 -0.004

10 1.013 0.241

20 1.012 0.153

CBOT Wheat 2 1.010 0.571

5 0.969 -1.130

10 0.944 -1.528

20 0.898 -1.650

CBOT Corn 2 1.036 1.723

5 1.056 1.986

10 1.069 1.532

20 1.147 1.996

CBOT Soybean 2 1.005 0.270

5 1.011 0.399

10 0.999 -0.037

20 1.071 1.128

Note: July observations are deleted.
t-critical value with 30 degrees of freedom at 5% significance level is 2.042.
* indicates significance at 5% level.
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CHAPTER 11

CAN REAL OPTION VALUE EXPLAIN WHY PRODUCERS
APPEAR TO STORE TOO LONG?

Introduction

Some studies show that producers store longer than is profitable (Anderson and
Brorsen 2005; Hagedorn et al. 2005). One possibility is that producers store crops longer
than makes economic sense due to myopic loss aversion, which means that producers get
more disutility from a loss than they get utility from receiving an equally sized gain. An
alternative explanation results from producers’ decisions to sell grain being irreversible.
Fackler and Livingston (2002) show that this irreversibility can create a real option value
from waiting to sell grain. The key to generating a real option value is for prices to
follow a mean reverting process. In the case of grain as considered by Fackler and
Livingston (2002), if grain prices are low it makes sense to wait to sell because prices
will revert to the mean. If prices are unusually high, it is best to sell. If prices are near
the mean, there can be a real option value from waiting because there is the opportunity
to wait and select a time to sell when prices are higher than currently.

There are some recent studies that implement real options in agriculture. Purvis

et al. (1995) examine the technology adoption of free-stall dairy housing under
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irreversibility and uncertainty and find that there can be a return to waiting to adopt in
some cases. Ekboir (1997), Winter-Nelson and Amegbeto (1998), and Khanna et al.
(2000) also used real options to analyze the investment decision of producers under
uncertainty.

This research focuses on answering the question, “Can real option values explain
why producers appear to store too long?”” To answer this question, this study first models
and estimates the price process. The model attempts to capture two important features of
agricultural commodity prices: mean reversion and seasonality. The price process which
is modeled in this study differs from Fackler and Livingston (2002). The price process
used here allows price to be a random walk within a season, but mean reverting across
crop years. After estimating the price process, a universal lattice model is used to
determine the cutoff price at which the producer is indifferent between selling and
holding a crop. Simulations using cash prices of wheat, corn, and soybean are used to
determine net returns under two different price processes, which is simple mean reversion
and the new seasonal mean reversion price process. This empirical work shows that real

option values cannot explain why producers appear to store too long.

Theory

A producer who holds stocks can be viewed as holding an American option since
the producer has the option to sell at any time. The optimal storage problem is equivalent
to the optimal stopping problem of an American call option which is exercised at the
current price. If selling stock is irreversible the producer does not just hold stocks but

holds stocks and a call option which can be exercised at the current price. An American
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option is an optimal stopping problem of determining the optimal time to exercise an
option. The decision to exercise the option is the same as with financial options. The
option holder exercises the option, whenever its intrinsic value, which is the value of
immediately exercising the option, is greater than its total value. Because of the early
exercise possibility, American options are solved as a dynamic programming problem.

Our derivation is based on risk neutral valuation rather than riskless arbitrage as
in Black and Scholes (1973). The typical American call option under risk neutral

evaluation can be expressed in terms of a value function, V,:

21D Vv

t

= E[max(0, (p,., ~ X)e™)]

where p,,, is the price of the underlying asset at time 7+ /4, r is the riskfree interest rate,

and X is the exercise price.

The optimal storage problem differs from (2.1). First, holding stocks of a
commodity incurs positive holding charges, whereas holding an option does not incur
holding cost. Second, the exercise price of the optimal storage problem is current market
price, which is not discounted as in (2.1). Finally, the storage problem has an initial price
which is the current cash price whereas a usual American option does not have an initial
value and so the option value is zero if the option is not exercised. Then, the value
function of the optimal storage problem can be defined as

—(r+s)h —("+S)h)]

22) V, =p + E[l/}ng(O, Din€ -p)l= E[EngX(p,, Din€

where p, is cash price of a commodity at time ¢, 7' is the expiration date, and s is a per

period storage cost which is a percentage of price. The producer sells stocks under the

condition that
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(23)  p, 2 E[max( )

That is the producer sells stocks whenever the expected return to store and sell at time

t + h is less than or equal to the current market price.

Data

The chosen agricultural commodities are corn, soybeans and wheat. Thursday
cash prices of South Central Illinois corn and soybean data from the National Agricultural
Statistics Service (NASS) of the United States Department of Agriculture (USDA) are
obtained from a computer database compiled by Farmdoc, University of Illinois at
Urbana-Champaign (2008). Thursday cash prices of wheat at Medford, Oklahoma, are
obtained from the Oklahoma Market Reports of USDA. The sample period extends from
October 1975 through September 2007 for corn and soybeans, and from June 1975
through May 2007 for wheat. These primary data have some missing values for
Thanksgiving and Christmas season. For these missing data, the most recently observed
data are used.

Annual state average prices from the National Agricultural Statistics Service
(NASS) are obtained from the United States Department of Agriculture (USDA) website
(2008). To estimate the price processes, 5-year moving averages of annual average prices
for each crop are used as mean prices.

Corn and soybean storage costs from 1995 through 2004 are from Irwin et al.
(2006). We calculate the previous 20 years of storage costs from 1975 to 1994 using
producer price index from website of United States Department of Labor, and assume that

storage costs of 2005 and 2006 equal the cost of 2004. Storage costs of wheat from 1975
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to 2006 are obtained from Oklahoma Cooperative Extension Service at Oklahoma State
University. The interest cost is calculated at the prime rate for that year plus 2%. The
prime rate is the prime charged by banks in June for that year, quoted from the Kansas

City Federal Reserve Bank (2008).

Procedures

Three main procedures are used: estimation of price process parameters,
determining cutoff price, and simulation of the trading rules. A universal lattice model
(Chen and Yang 1999) and discrete stochastic dynamic programming are used to

determine cutoff prices.

Estimation of Price Process Parameters

The model of prices used here attempts to capture two important features of
agricultural commodity prices, mean reversion and seasonality. A number of studies
documented mean reversion in commodity cash prices (Brennan 1991; Lence et al. 1993;
Dixit and Pindyck 1994; Bessembinder et al.1995; Wang and Tomek 2007). Also, some
other studies have found that futures prices follow a near random walk within a contract
month (Bessler and Covey 1991; Yoon and Brorsen 2005), but are mean reverting when
prices across multiple contract months are used (Schroeder and Goodwin 1991).

Seasonality in the mean level of price has been also well documented in
commodity. For example, prices of seasonally produced goods tend to rise during the
marketing season to cover the cost of storage. Price process in this research is not

focused on seasonal volatility but on seasonal mean reversion. While seasonal volatility
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is statistically significant due to the large sample size, it is relatively small and is not
included here to simplify the model. A price process model which represents mean
reversion can be described by

24) Inp,—-Inp, , =a,+p(np, —Inp,)+e¢,

where p, indicates the cash price at time ¢, p, is the seasonal mean price, a, is a
seasonal function, ¢ represents number of weeks after harvest, f is a parameter to be

estimated, and ¢, is a normally distributed error term with zero mean and constant

variance o>. We allow prices to follow a random walk within a season, but to be mean
reverting across crop years. Such a price process can be rewritten as

at_l,-gt 1ft<t0

2.5 Inp —1In =
( ) pt pt—l {a,-ﬁ-ﬂ(lnﬁ,—lnpf)"‘gf iftZtO

where 1, is a time within a season when the mean reverting process begins. Equation

(2.5) imposes a random walk with drift in the early part of the storage season. This

assumption is tested by estimating a more general model:

a,+a(lnp, —Inp,)+¢, if r<t,

26) Inp,—-Inp,, =
(2.6) P: D {ar+(a+ﬁ)(lnﬁr_lnp[)+é‘r if t 21,

Restricting « to be zero gives equation (2.5).

We find no evidence of differences among fourth, fifth, and sixth power
polynomial functional forms. Visual inspection of a fifth power polynomial seasonality
function suggests that it is more realistic than the other powers or a sinusoidal function.
Therefore, we adopt a fifth power polynomial functional form for the seasonal function,

a,, which is
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5
Q7 a=)yt
i=0

where the y s are the parameters to be estimated.
If we impose a continuity restriction on the seasonal function a(t) then the

change of seasonality at harvest in the current year is equivalent to the change of
seasonality at harvest next year. Since this study uses weekly cash price data, we can
impose a continuity condition, a, = as, . Using (2.7) this can be rearranged as

- 7,52

2.8 =2
28 7 5

and then, y, can be obtained by other estimated parameters.

Equation (2.6) is estimated using cash prices of three crops — wheat, corn, and
soybean and the coefficient « is not significantly different from zero (table II-1).
Therefore, « is restricted to be zero and then (2.6) can be rewritten as

at+gt 1ft<t0

29 Inp,-Inp,, = o )
P P {at+,6'(lnp—lnp,)+gt ifr>1,,

and then we can also define the simple mean reversion price process as
210) Inp,—Inp, ,=a,+p(np—-Inp,)+e¢,.

The specified value of 7, can be determined by substituting numerical values
from O to 51 for ¢, and selecting the one which gives the highest log likelihood value.
Since this study uses a 5 year moving average as mean price p , the model is not

stationary. If cost of production data had been available to use instead of the 5-year
moving average, the model would be stationary.

The standard errors on the computer print out in this case are conditional
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standard errors and are valid conditional on the true value of ¢, being selected and no
standard errors are provided for 7,. Therefore, a nonparametric bootstrap is used to
obtain estimates of standard errors of #,. Ten thousand samples of size 1,738 for wheat,

1,639 for corn, and 1,637 for soybean are resampled and used to estimate the parameters.

A Universal Lattice Model

While the terms used in the option pricing literature are quite different than the
dynamic programming terminology used by Fackler and Livingston (2002), the
approaches are equivalent in that pricing an American option requires solving a stochastic
dynamic program. There are many models for pricing options. Black and Scholes (1973)
developed an option pricing model for European options. Cox et al. (1979) developed the
binomial option pricing lattice which is widely used within finance to price American
type options as it is easy to implement and handles American options relatively well.
However, the binomial model assumes that the option price can just either go up or down
over a time step. It does not assume that the price may remain unchanged. In 1996,
Boyle introduced the trinomial option pricing model, which is similar to the binomial
method in that it employs a lattice type method for pricing options. The trinomial method
is more accurate than the binomial one and gives the same results as the binomial one
with a fewer steps.

In the trinomial lattice, the branches are up, flat, and down by an increment of

change in underlying value Ap . That is,

(2.11) P3ir = Piy +Ap
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Prir = Pis
Piis=Piy— Ap
Figure 1 shows an example trinomial lattice. The branches are down, flat, and up

with the risk neutral probabilities R,, R,, and R, , respectively, which satisfy the
following three equations

(2.12)  R,;,;pi + Ry Dris + Ry D3y = Dis + My,

2 2 2 2 2
R, (p,.) +Ry (Pyi) + Ry, (Ps3;) — (i, +14,) =03,

R, +R,,,+R;;, = 1

Li,t

where p,, is the ith node of p at time 7, p,;, is the n-th lowest possible node at time
t+At,and g, and of, are the expected change and the variance of p,, during the next

time interval At, respectively. However, in the trinomial lattice, if there is mean reversion
in the process, the risk neutral probabilities of all nodes in the lattice could be negative.

To solve this problem, Hull and White (1990) propose four alternative branching schemes.
These alternatives include the branches of the lattice to go three ups, two ups, and one up;
two ups, one up, and flat; flat, one down, and two downs; and one down, two downs, and
three downs. Chen and Yang (1999) argue that in the alternative trinomial lattice there
seems to be no consistent way to construct the lattice in which all probabilities are
guaranteed to be positive. Thus, they extend Hull and White’s (1990) model and propose
a general form of alternative branching schemes. This study uses Chen and Yang’s

(1999) universal lattice model to determine real option value.

With Chen and Yang’s lattice model, the three branches can be written as

(2.13) D3, =P, t (j+k)Ap
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Paiy = Pig +(DAp

P, =P, T (J=K)Ap
where the variable j and k provide flexibility for the branches to yield non-negative
probabilities with any level of mean and variance, respectively. With this branching

method, the risk neutral probabilities can be obtained solving (2.12) and then the results

are

AP — 1 )G +R)Ap — p.)) + 57,
(2-14) Rl,i,t: ! 2. 2 ’ !
2kAp

(- jAp) + o],
2,00 4T szpz

R

R3,i,t =1-R,;, - Rz,i,t .

Lit

To guarantee the convergence of the model, the constraints of 0< P, <1

translate into the following two sets of sufficient conditions:

o, 20,
(2.15) ‘L <p<—1L
Ap Ap
and
/ui,r_'\/szpz_O-Zt < .</ui,r+‘\/k2Ap2_ai2,t
Ap =73 Ap
and
20,
2.16) k>-Jit
Ap
and
Y R SN DN
Ap Ap Ap Ap
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= < — or
Ap Ap 2 Ap Ap

E Hiy szpz - 4O-i2,l‘ < J < Hi, szpz - O-iz,t

2 Ap Ap T Ap Ap

Since this study assumes constant volatility, which means k =1, the risk neutral

probabilities and the sets of sufficient conditions for constraints of 0< P, , <1 can be

rewritten as

(2.17)

and

(2.18)

(A =, )G+ DA — g, ) + 0

R .=
1,i,t 2Ap2
(u;, — jAp)* +o?
R2,i,t = 1 - 2
Ap
R3,i,r =1- Rl,i,t - Rz,i,z
20
— <k<
Ap Ap
and
Hip — APZ_O_Z . :ui,t+ Apz_o-z
<j<
Ap Ap

A summary of this procedure is that Ap and At are chosen, and then the variable

J 1s chosen using equation (2.18). After that, the risk neutral probabilities are obtained

from equation (2.17). Finally, as mentioned in the theory section, since the optimal

storage problem is equivalent to an American call option, using equation (2.2) and the

value function of optimal storage problem can be determined as
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2.19) v, :E[Ezrelzaz,({(Rl,thl,mh + R,y Posin Y Ry D3 )e_(rﬂ)h - p,» 0}]

Then the cutoff price, which is the current market price where producer sells
stocks since the expected return to store and sell at time ¢ + £ 1is less than or equal to the

current market price, can be determined by
(220) C =Ilp,:p = E{I/};Ta}(Rl,thl,Hh + Ry Do T R3,r+hp3,r+h)e_(r+s)h 1

We use a universal lattice model on a grid of values in p and ¢ to determine a
cutoff price. The value function is computed for each time period beginning with 52 to 1.
To determine a cutoff price, we use the average cash price at harvest over the 32-year
period as an initial value for each crop ($3.23 for wheat, $2.38 for corn, and $5.99 for
soybeans), and assume that price increments are 15 cents for corn, 38 cents for soybean,
and 20 cents for wheat. Selling at harvest is the expected profit maximizing strategy
when full storage and interest costs are used. Hagedorn et al. (2005) also show that
selling at harvest is the best strategy when they use full storage and interest costs.
However we also consider lower costs of half of the storage and interest costs as well as
full storage and interest costs to determine cutoff price. Some producers are net lenders
and have their own storage (so only marginal costs would affect the decision), so such

lower costs are relevant for some producers.

Simulation

Simulations are conducted to determine net returns of the optimal strategy under
two different price process: mean reversion and seasonal mean reversion. For the

simulations, we design two different scenarios which depend on the level of storage and
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interest costs. One scenario includes full storage and interest costs and another one
includes half of storage and interest cost.

Using equation (2.19), the simulations are conducted with weekly cash price data
for corn, soybean, and wheat to find the first selling date of crops and value of selling the
crop. Net returns for each crop year for each crop were computed using the first price
that exceeds the specified cutoff price function. The net returns are computed as the

value of sales less stockholding costs, discounted to the harvest time

221) n=pe’ " —sTpe’ "™

where T is the sales date, ¢ is the first date of the marketing season assumed to be the
first weekday in June for wheat and the first weekday in October for corn and soybean,

and s is a per period storage cost that is a percentage of price (table 11-2).

Results

The estimated nonparametric bootstrap parameters of the seasonal mean
reversion process are presented in table II-3. Mean reversion occurs late July with 3.6%
weekly for corn, mid or late July with 4.2% weekly for soybean, and early or mid March
with 2.3% weekly for wheat. That is, the total percentages of mean reversion for a
marketing year are 28.5% for corn, 41.6% for soybean, and 32.2% for wheat.

Figures II-2 through 1I-4 show the shapes of seasonality for corn, soybean, and
wheat, respectively. After harvest, prices for corn and soybeans rapidly increase until the
beginning of December and then slowly decrease. For wheat, prices also increase rapidly
after harvest until early August and then slowly decrease. These seasonal price changes

turn negative in early June for corn, early July for soybeans, and early March for wheat.
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Thus, the seasonal function turns negative before mean reversion begins. This clearly
indicates that producers will be selling before mean reversion begins (as most of them do),
so real option values do not explain why producers appear to store too long.

Optimal cutoff prices are illustrated in figures II-5 through 1I-10. The shapes of
the graphs of the model which uses a mean reversion price process are very different
from the model using a seasonal mean reversion price process. Only at extremely low
prices is there ever an incentive to store to the point where seasonal mean reversion
begins. Since producers would rationally sell before mean reversion begins, the real
option value almost always disappears. This result contrasts with Fackler and
Livingston’s (2002) model, which is that if grain prices are near the mean there can be a
real option valuing from waiting to sell because there is the opportunity to wait and select
a time to sell when prices are unusually high. They conclude that irreversibility confers
an additional return in the form of an option to sell stocks in the future. This finding of a
large real option value that can explain why producers appear to store too long is not
supported.

The results of simulations for corn, soybeans, and wheat are presented in tables
II-4, II-5 and I1-6 respectively. The difference of average net returns over the 32 years
between the mean reversion model and the seasonal mean reversion model is small and
the result of paired difference tests in table II-7 shows that all 7-values are not significant
at the 5% level except a case that include full storage and interest cost for corn.
Therefore, we can conclude that there is little evidence that, for most scenarios, the net
returns over 32 years between the mean reversion model and the seasonal mean reversion

model are different. As Brorsen and Irwin (1996) argue, statistical insignificance is a
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typical result of marketing strategy simulation studies. The difference between marketing
strategies 1s usually small, the variation is high, and with only one observation per year,
the number of observations is small. Therefore, we rely primarily on the results in table

II-3 in reaching the conclusion that the seasonal mean reversion model is preferred.

Summary and Conclusion

Previous studies suggest that producers tend to store crops longer than is
profitable (Anderson and Brorsen 2005). Since decisions to sell are irreversible, there
can be a real option value from waiting to sell grain. This research focuses on
determining whether real option values can explain longer storage

We estimate a new seasonal mean reversion price process using a nonparametric
bootstrap rather than estimating a simple mean reversion price process. After estimating
the price process, a cutoff price at which the producer is indifferent between selling and
holding the crop is determined using a universal lattice model. Simulations are
conducted to determine net returns under simple mean reversion and the new seasonal
mean reversion price process.

The estimated nonparametric bootstrap parameters of the seasonal mean
reversion process show that mean reversion occurs mid or late July for corn, early July
for soybean, and early March for wheat. The shapes of seasonality show that the seasonal
function turns negative before mean reversion begins, which suggests that real option
values are relatively unimportant in determining when producers sell their grain.

The graphs of cutoff price when assuming a seasonal mean reversion price

process show that producers sell before mean reversion begins except when prices are
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extremely low. This result contrasts with Fackler and Livingston’s (2002) conclusion that
irreversibility confers an additional return in the form of an option to sell stocks in the
future. Therefore their finding of a large real option value that can explain why producers
store too long is not supported.

The simulation results represent that the difference of average net returns over
the 32 years between the mean reversion model and the seasonal mean reversion model is
very small and the result of paired difference tests conclude that there is little evidence
that the net returns over 32 years between the mean reversion model and the seasonal
mean reversion model are different. Based on the nonparametric bootstrap estimation of

price process, we can conclude that the seasonal mean reversion model is preferred.
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Table II-1. Parameter Estimate ¢ of Seasonal Mean Reversion Price Process

. -2 Log-likelihood Likelihood Ratio
Commodity a - - .
Unrestricted Restricted Test Statistic
Corn 0.0057 -6275.35 -6273.31 2.04
Soybean 0.0021 -6540.40 -6539.81 0.59
Wheat 0.0005 -6772.46 -6772.45 0.01
Note: y; critical value at 5% significance level is 3.841.
Estimated unrestricted model is
H+a(np—1np@k))+ &t 1<t,,
I p(6) In p -1y — [ 4O+ @@ P=In ) +2(0) )
a() +(a+ B)(In p —In p(?)) + &(1) t>1,.
Estimated restricted model is
)+ et t<t,,
In p(t)—In p(t—1) =4O FED 0
a(®)+ p(np —1In p(1)) + &(t) t2t,.
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Table II-2. Per Period Storage Costs (Percentage of Price)

Commodities
Year Corn and Soybean Wheat
1975 0.0021 0.0035
1976 0.0022 0.0035
1977 0.0024 0.0042
1978 0.0026 0.0049
1979 0.0028 0.0049
1980 0.0032 0.0053
1981 0.0036 0.0056
1982 0.0038 0.0056
1983 0.0039 0.0060
1984 0.0041 0.0060
1985 0.0042 0.0060
1986 0.0043 0.0060
1987 0.0044 0.0060
1988 0.0046 0.0060
1989 0.0048 0.0060
1990 0.0051 0.0060
1991 0.0053 0.0060
1992 0.0055 0.0060
1993 0.0057 0.0060
1994 0.0058 0.0060
1995 0.0060 0.0060
1996 0.0060 0.0060
1997 0.0060 0.0060
1998 0.0060 0.0060
1999 0.0060 0.0060
2000 0.0060 0.0060
2001 0.0060 0.0070
2002 0.0060 0.0070
2003 0.0060 0.0070
2004 0.0060 0.0070
2005 0.0060 0.0070
2006 0.0060 0.0070
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Table II-3. Parameter Estimates of Seasonal Mean Reversion Price Process by
Nonparametric Bootstrapping

Corn Soybean Wheat
Coefficient Stagda}rd Coefficient Star}dgrd Coefficient Star}dgrd
Deviation Deviation Deviation
a 0.0356 0.0117 0.0416 0.0194 0.0230 0.0115
7o -0.0060 0.0034 -0.0037 0.0029 -0.0078 0.0037
Vs -5.7E-04 1.3E-04 -2.7E-04 1.4E-04 -1.4E-04 1.5E-04
Vs 2.8E-05 6.8E-06 1.3E-05 7.3E-06 -2.5E-06 7.0E-06
Va4 -5.8E-07 1.5E-07 -2.7E-07 1.6E-07 2.9E-09 1.5E-07
Vs 4.4E-09 1.2E-09 2.1E-09 1.2E-09 -2.3E-10 1.1E-09
o 0.0013 8.0E-05 0.0011 5.9E-05 0.0012 6.5E-05
t, 44 6.1469 42 7.2619 38 10.8677
Note: Estimated model is
f+e,., if 1<1,,
lIlle—lIlp, = — .
g)+alnp-Inp)+e,, ift>1,.
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Table II-4. Sales Dates and Net Returns for Corn

Sale Dates (Weeks from Harvest) Per Bushel Net Returns ($/bu)
Year Scenario 1 Scenario 2 Scenario 1 Scenario 2
Model 1  Model 2 Model 1  Model 2 Model 1  Model 2 Model 1  Model 2

1975 0 17 0 32 2.61 2.31 2.61 2.46
1976 15 17 20 32 2.27 2.17 2.24 2.05
1977 27 17 33 32 2.13 1.91 2.15 2.12
1978 25 16 32 19 2.03 1.98 2.19 2.03
1979 0 0 0 17 2.62 2.62 2.62 2.26
1980 0 0 0 16 3.05 3.05 3.05 3.08
1981 0 0 0 0 2.38 2.38 2.38 2.38
1982 0 0 15 0 2.00 2.00 2.14 2.00
1983 0 0 0 16 341 3.41 3.41 3.00
1984 0 0 17 15 2.68 2.68 2.46 2.46
1985 15 0 33 16 2.15 2.10 2.10 2.22
1986 34 0 37 0 1.41 1.42 1.50 1.42
1987 18 0 35 16 1.68 1.63 1.81 1.74
1988 0 0 0 16 2.68 2.68 2.68 2.36
1989 0 0 0 15 2.27 2.27 2.27 2.12
1990 0 0 0 15 2.19 2.19 2.19 2.19
1991 0 0 0 15 2.42 2.42 2.42 2.31
1992 0 0 25 16 2.06 2.06 1.96 1.92
1993 0 0 13 16 2.23 2.23 2.74 2.66
1994 0 0 17 15 1.95 1.95 2.07 2.08
1995 0 0 0 15 2.94 2.94 2.94 3.21
1996 0 0 0 15 2.90 2.90 2.90 2.49
1997 0 0 15 15 2.45 2.45 2.46 2.46
1998 14 0 34 15 1.85 1.81 1.68 1.90
1999 15 0 31 15 1.74 1.77 1.91 1.82
2000 12 0 35 14 1.88 1.63 1.45 1.95
2001 0 0 31 15 1.85 1.85 1.67 1.82
2002 0 0 0 16 2.46 2.46 2.46 2.12
2003 0 0 14 16 2.03 2.03 2.26 2.43
2004 0 0 33 16 1.76 1.76 1.68 1.72
2005 0 0 18 16 1.67 1.67 1.88 1.78
2006 0 0 0 15 2.41 2.41 2.41 3.30
32 year average 2.25 222 2.27 2.25

Note: Scenariol includes storage and interest costs.
Scenario2 includes half of storage and interest costs.
Modell assumes that price follows a mean reversion process.
Model2 assumes that price follows a seasonal mean reversion process.
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Table II-5. Sales Dates and Net Returns for Soybean

Sale Dates (Weeks from Harvest) Per Bushel Net Returns ($/bu)
Year Scenario 1 Scenario 2 Scenario 1 Scenario 2
Model 1  Model 2 Model 1  Model 2 Model 1  Model 2 Model 1  Model 2

1975 0 0 0 34 5.15 5.15 5.15 5.02
1976 0 0 0 29 5.95 5.95 5.95 9.37
1977 11 0 25 34 5.53 5.05 6.37 6.27
1978 0 0 0 0 6.17 6.17 6.17 6.17
1979 0 0 0 0 6.79 6.79 6.79 6.79
1980 0 0 0 0 7.51 7.51 7.51 7.51
1981 0 0 0 0 5.96 5.96 5.96 5.96
1982 0 0 15 0 5.00 5.00 5.22 5.00
1983 0 0 0 0 8.42 8.42 8.42 8.42
1984 0 0 0 0 5.77 5.77 5.77 5.77
1985 0 0 38 0 4.88 4.88 4.36 4.88
1986 0 0 36 0 4.80 4.80 4.77 4.80
1987 0 0 0 0 5.26 5.26 5.26 5.26
1988 0 0 0 0 7.89 7.89 7.89 7.89
1989 0 0 0 0 5.50 5.50 5.50 5.50
1990 0 0 0 0 6.01 6.01 6.01 6.01
1991 0 0 0 0 5.67 5.67 5.67 5.67
1992 0 0 15 0 5.17 5.17 5.31 5.17
1993 0 0 0 0 5.88 5.88 5.88 5.88
1994 0 0 0 0 5.22 5.22 5.22 5.22
1995 0 0 0 0 6.24 6.24 6.24 6.24
1996 0 0 0 0 7.25 7.25 7.25 7.25
1997 0 0 0 0 6.16 6.16 6.16 6.16
1998 0 0 40 0 4.92 4.92 3.18 4.92
1999 0 0 37 0 4.66 4.66 4.11 4.66
2000 0 0 37 0 4.73 4.73 3.80 4.73
2001 0 0 35 0 4.26 4.26 4.28 4.26
2002 0 0 0 0 5.18 5.18 5.18 5.18
2003 0 0 0 0 6.77 6.77 6.77 6.77
2004 0 0 0 0 4.98 4.98 4.98 4.98
2005 0 0 0 0 5.24 5.24 5.24 5.24
2006 0 0 0 0 5.27 5.27 5.27 5.27
32 year average 5.75 5.74 5.68 5.88

Note: Scenariol includes storage and interest costs.
Scenario2 includes half of storage and interest costs.
Modell assumes that price follows a mean reversion process.
Model2 assumes that price follows a seasonal mean reversion process.
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Table II-6. Sales Dates and Net Returns for Wheat

Sale Dates (Weeks from Harvest) Per Bushel Net Returns ($/bu)
Year Scenario 1 Scenario 2 Scenario 1 Scenario 2
Model 1  Model 2 Model 1  Model 2 Model 1  Model 2 Model 1  Model 2

1975 0 0 0 23 2.91 291 2.91 3.03
1976 0 0 0 24 3.36 3.36 3.36 2.16
1977 0 0 25 23 1.92 1.92 2.21 2.26
1978 0 0 0 0 2.90 2.90 2.90 2.90
1979 0 0 0 0 3.40 3.40 3.40 3.40
1980 0 0 0 0 3.40 3.40 3.40 3.40
1981 0 0 0 0 3.83 3.83 3.83 3.83
1982 0 0 0 0 3.44 3.44 3.44 3.44
1983 0 0 0 0 3.39 3.39 3.39 3.39
1984 0 0 0 0 3.34 3.34 3.34 3.34
1985 0 0 0 0 2.89 2.89 2.89 2.89
1986 0 0 25 0 2.23 2.23 1.85 2.23
1987 0 0 0 0 2.32 2.32 2.32 2.32
1988 0 0 0 0 3.05 3.05 3.05 3.05
1989 0 0 0 0 3.77 3.77 3.77 3.77
1990 0 0 0 0 2.94 2.94 2.94 2.94
1991 0 0 0 0 2.52 2.52 2.52 2.52
1992 0 0 0 0 3.48 3.48 3.48 3.48
1993 0 0 0 0 2.63 2.63 2.63 2.63
1994 0 0 0 0 3.10 3.10 3.10 3.10
1995 0 0 0 0 391 391 391 391
1996 0 0 0 0 5.37 5.37 5.37 5.37
1997 0 0 0 0 3.73 3.73 3.73 3.73
1998 0 0 0 0 2.70 2.70 2.70 2.70
1999 0 0 27 0 2.36 2.36 1.65 2.36
2000 0 0 0 0 2.40 2.40 2.40 2.40
2001 0 0 0 0 2.88 2.88 2.88 2.88
2002 0 0 0 0 2.85 2.85 2.85 2.85
2003 0 0 0 0 2.83 2.83 2.83 2.83
2004 0 0 0 0 3.50 3.50 3.50 3.50
2005 0 0 0 0 3.03 3.03 3.03 3.03
2006 0 0 0 0 4.54 4.54 4.54 4.54
32 year average 3.15 3.15 3.13 3.13

Note: Scenariol includes storage and interest costs.
Scenario2 includes half of storage and interest costs.
Modell assumes that price follows a mean reversion process.
Model2 assumes that price follows a seasonal mean reversion process.
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Table II-7. Paired Differences ¢-Ratios of the Mean Net Returns between Seasonal
Mean Reversion and Mean Reversion Model (1975-2006)

Include Storage Include Half of Storage
Commodity and Interest Costs and Interest Rate
Corn -2.30%* -0.54
Soybean -1.00 1.67
Wheat N/A® 0.04

Note: t-critical value with 30 degree of freedom at 5% significance level is 2.042.
We calculate paired differences by subtracting the net return assuming a simple
mean reversion model from a net return assuming seasonal mean reversion model.
* A paired difference r-ratio for wheat of including storage and interest costs is not
available since there is no difference of net returns between the two models, so
variance of paired difference is zero.
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Figure II-2. Seasonality of change in corn price
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Figure II-3. Seasonality of change in soybean price
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Figure I1I-4. Seasonality of change in wheat price
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Figure II1-5. Cutoff price of mean reversion price process for corn using low storage
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Figure I1-6. Cutoff price of seasonal mean reversion price process for corn using
low storage and interest costs
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Figure I1-9. Cutoff price of mean reversion price process for wheat using low
storage and interest costs
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Figure I1-10. Cutoff price of seasonal mean reversion price process for wheat using
low storage and interest costs
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