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Simultaneously Derived Optimal Hedge Ratios
for East Central Illinois Corn and Soybean Producers

Jonathan M. Norvell
Raymond M. Leuthold’

Farm incomes are subject to a variety of risks. One risk is the price variability'g
commodities produced on farms. The management of price risks faced by East Central Ilu of
(ECI) corn and soybean producers is the subject of this study. Prices of corn and soybeam ar
volatile. The average difference between high and low price offered during each crop year fi
1975 to 1989 was $0.98 for corn and $2.56 for soybeans (Good). One method of managing p
risks is hedging in futures contracts.

Much research has dealt with the determination of optimal or minimum risk hedge rati .'J{r-g
hedgers seeking to reduce risk on a commodity. Modern optimal hedging theory is based on semip
studies by Johnson (1960) and Stein (1961). Resulting works such as Peck (1975), Ederington (19}
and more recently, Bond, Thompson and Lee (1987) and Meyers and Thompson (1989) have fu
developed and defined a standard approach to optimal hedging. The standard approach is to
optimal hedging theory to a single commodity and use the slope coefficient of an OLS regr
to estimate the optimal hedge ratio for that particular commodity.

Modifications and adaptations of the standard approach have been devclopcd One area th
has evolved is the issue of simultaneous, multiple risks which were investigated in Anderso
Danthine (1980), Bond, Thompson and Geldard (1985), Benninga, Eldor and Zilcha (‘
Alexander, Musser and Mason (1986) and Peterson and Leuthold (1987).

A recent article in the Journal of Futures Markets by Tzang and Leuthold (1990) d \
a model to generate simultaneous minimum risk hedge ratios among commodities linked b
production relationship. This model extended the standard optimal hedge model to inc
inherent risk reduction due to price correlation among differing commodities. Tzang and
applied their simultaneous model to the soybean complex.

The objectives of this study are to determine ex-post minimum-risk hedge ratios ﬁrst !3 )
standard, single-commodity model and then with a multiple risk, simultaneous model. Both sefs
hedge ratios will then be evaluated in out-of-sample performance. These tests and evaluatio
be applied to producers in ECI who face multiple price risks from corn and soybeans at t
time. The hedge ratios from the simultaneous model are expected to differ from those gen
by the single-commodity model because of positive correlation between corn and soybean
The hedge ratios will be estimated each month for each crop year from 1976 to 1989 to see.
vary within each year, seasonally, and over the entire data period.'

" The authors are Associate Trust Farm Manager and Professor, respectively, in the De
of Agricultural Economics at the University of Illinois.

! Recent research has suggested that hedge ratios may vary over time (Meyers (1991
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EL )
In the context of modern portfolio theory, investors are assumed to consider the mean and

cc of expected returns when appraising portfolios. The expected utility (E(U)) function
d for the portfolio investor is the following quadratic function:

E(U) = E(R) - M%)

is any portfolio of assets, R; is returns, and ¢ is the variance of the portfolio returns.
al investors, seeking to maximize utility, would seek to maximize the above function.

In application to hedging, the objective of the hedger is assumed to be to maximize returns
to a level of variance on those returns, or to minimize the variance. The hedged, gross

for corn, R, and soybeans, R, can be defined as:
Rc = PQc + He (Fe, - Fo) and Rg = PgQq + Hs (Fs, - Fs)

P = cash prices

F = futures prices

C = corn

S = soybeans.

Q = cash quantity

H = quantity hedged in futures contracts

1,2 = represent time periods, variables in period 2 are unknown.

: The standard approach for determining hedge ratios for these returns would be to separately
mize the variance of corn returns, o*R, with respect to H, and the variance of soybean returns,
with respeet to Hg. The standard minimum risk hedge ratios (SHR) equal:

H',. = cov(PoFo)/eFe and Hy = cov(PyFy)/o?Fy,

re H'c and H’; are the slope coefficients from two separate OLS regressions of P, on F. and P
.. The standard estimation form is:

AP=a+BAF
re o and § = parameters and A = change in, or first difference, of prices.

The multiple-risk model, using a simultaneous approach, minimizes the variance for returns
multiple commodities together (Anderson and Danthine (1980)). Under the simultaneous
roach the gross returns from two commodities considered together is:

R = P,,Q¢ + H¢ (Fg, - Fo) + PsQs + H; (Fs, - Fg)-

J ie variance of returns is:

o*(R) = ¢?P Q% + o?P;Q% + o?F H?. + o°FH?; + 2cov(P.Ps)Q-Qs
- 2cov(PFo)QcH, - 2cov(P.Fs)QcH; - 2cov(PsF)QsHe
- 2cov(PsF5)QsHs + 2cov(F-Fs)H Hs.

The minimization of ¢2(R) occurs at a point where the first derivatives of ¢*(R) with respect
H. and H; are equal to zero. The first derivatives are:
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pove coefficients will be estimated and the values substituted into the simultaneous hedge ratio
o estimate the hedge ratios. The CHR are equal to the SHR when the correlation between:
ures price and soybean futures prices = 0, corn cash prices and soybean futures prices =
soybean cash prices and corn futures prices = 0.

_,‘"iThe resulting CHR will be compared to the SHR. It is expected that the multiple risk
S al hedge ratios will differ from the traditional single-commodity hedge ratios because corn and
ybean prices are usually positively correlated.

‘ A Price data from January, 1975 through August, 1990 will be studied. The data represent a
ty-four month marketing year for fourteen different crop years from the 1974 crop to the 1989
The prices to be used are monthly averages. Futures prices are the Chicago Board of Trade
ment prices. Cash price data are the ECI cash bid, which is not a farmer bid, but represents
bid from 1975 to 1980 and a truck bid from 1981 to the present. The margin between the ECI
rice and the price offered to ECI farmers is relatively constant (Harwood and Tomek, 1987).
ECI price is preferred over individual elevator prices because it is free from localized basis
ges. Therefore, correlation between the ECI price and the futures price is expected to be
ar to the correlation between the average country elevator’s price and the futures price.

ULTS

_ Ex post hedge ratios and their hedge effectiveness are estimated for corn and soybeans from
historical prices. The standard optimal hedge model and the complex, simultaneous model were
used to estimate minimum risk hedge ratios over the entire data set. All hedge ratios were based

on first differenced, monthly average nearby futures prices and cash prices (Meyers and Thompson
(1989)). '

The results for the separate, single-commodity hedge ratios over the entire data set (180
observations, January, 1975 through December, 1989) was 0.942 for corn and 0.951 for soybeans.
The results of the complex, simultaneous model estimated over the entire data set were 0.839 for
:rh, and 0.974 for soybeans. These ratios are near the ratios estimated for Michigan prices in

Meyers and Thompson (1989). The minimum risk hedge ratios for soybeans in this study were
‘higher than those estimated in Miller and Kahl (1989). However, the ratios were within the range
of those estimated with a conventional model in Harwood and Tomek (1987). The ratios are much

greater than those estimated by Alexander, et al. (1986).

; Hedge ratios were also estimated each month for corn and soybeans from January, 1976

through December, 1989. A total of 672 ratios were estimated. All hedge ratios were estimated

from OLS regressions based on a rolling data set of observations of the preceding twelve months.

r example, the ratio for corn listed under February, 1976 was estimated from twelve monthly

* Observations from February, 1975 through January, 1976. The monthly minimum risk hedge ratios

. are summarized yearly and seasonally. Monthly hedge ratios are reported in Tables 1-4. The mean,
)_istandard deviation (STD), maximum and minimum are also presented.

E For corn prices, the mean of separate hedge ratios estimated was 0.981 the mean for the
- simultaneous, complex model was 0.811. For soybean prices, the average separately estimated hedge
| ratio was 0.94 and the average CHR was 1.02.
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dR

""" = Fg, - Fo - N[Hco%cr - Qe - s,crQs + ocrseHs)

d H,

d R

""" = Fy, - Fs; - N[Hs0%sr - 0csrQc - OsseQs + ocrseHc]
where: C = spot, or cash, corn

S = spot, or cash, soybeans
CF = corn futures
SF = soybean futures.

Equating the above equations to zero and solving for H and Hg results in:

Fe - Fo Uc,cFQc aS.CFQS UcF,SFHs

H, = - + - B B
2 2 2

Ao?cp *cr o*cp *cr

Fg, - Fs 0csPQc 05,56 Qs ocrseHc
Hy = -+ - B ammmmmnn = ——————,

2 2 2
Ao%sg 0°sp 0%sp 0%sp

Futures markets for corn and soybeans are assumed to be unbiased. Inan unbia
market F, - F, =0. The speculative component equals zero and the minimum risk hed
equivalent to the optimal hedge ratio (Bond, Thompson and Lee (1987)). There:
simultaneous optimal hedge model used in this study will minimize variance (risk). Q:
assumed equal to one. Recall that g 2 is equal to the slope coefficients, §;;, from
regressions of i on j. Rearranging, substituting the @s and applying Cramer’s Rule'to

equations for two unknowns yields the following:

H 6C,CF * ﬁS.CF i ﬁSF.CFﬁC.SF N 6SF,CFﬁ5.SF
C= -

1- BSF,CF&C‘F.SF

H ﬁC,SF * ﬁS.SF - 6CF,SFBC,CF - 6(:?.51?35.(:?
s= -

1- SSF.CFﬁCF.SF

Thus, the simultaneous, complex hedge ratios (CHR) may be estimated from a serie
OLS regressions. The six regressions are: oW :

Bece = change in corn cash prices on change in corn futures prices,
Bscr = change in soybean cash prices on change in corn futures prices, _
Bse.cp= Cchange in soybean futures prices on change in corn futures prices,
Bcsz = change in corn cash prices on change in soybean futures prices, O

Bssz = change in soybean cash prices on change in soybean futures prices;
Berse= change in corn futures prices on change in soybean futures prices.
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Estimating the hedge ratios simultaneously decreased the average minimum risk hedg
in corn as expected, however, it increased the mean size of the soybean hedge ratios. Th
simultaneous hedge ratio is significantly less than the separately determined hedge ratio. Ho
the soybean simultaneously derived hedge ratio was significantly greater than the separate
ratio at the five-percent level. Overall, the volatility of the CHR was greater than the SHR
STD for corn hedge ratios was 0.255 for the SHR and 0.694 for the CHR. In soybeans, t

was 0.097 for the SHR and 0.307 for the CHR.

SEASONAL ANALYSIS
Traditional hedge ratios (SHR) are shown in Figure 1 along with the simultaneou

ratios (CHR) for both corn and soybeans. The corn CHR are less than the SHR ratios as e
however, soybeans are not. 3

Both the SHR and CHR hedge ratios for corn displayed a minor seasonal trend.
decreasing from January to May, then increasing to December, is apparent in the SHR an
in the CHR. The range of the SHR trend, from 1.01 to 0.953, is minimal. The CHR hada

range of hedge ratios from 0.938 to 0.636.

No soybean hedge ratios showed any obvious sign of 2 seasonal tendency. Howevef'

1 shows that the mean SHR reached both extremes during September through December.
largest ratios occur in September and December and the two lowest during October and
In addition, the two lowest CHR also occur in October and November. The size of the.
in the monthly mean hedge ratios was negligible for the SHR as its range was 0.966 t0
CHR had a larger range in average values from 1.064 to 0.959. ' §

The variability of the individual month hedge ratios between years was notable
were less variable than the CHR for corn and soybeans. In corn, the STD of the SHR !

the most stable month of August which had a standard deviation o :
most unstable with a STD of 0.322. The STD of the CHR had a low of 0.639 in M'a'y‘
of 0.827 in August. In soybeans, the STD of the SHR ranged from the most stablé
February which had a standard deviation of 0.071 to June which was most unstable
0.119. For CHR the range was 0.224 in September to 0.409 in December.

ANNUAL ANALYSIS
The annual mean hedge ratios for corn and soybeans are plotted in Figure 2.1 11

or decreasing trend in either commodity is obvious from the graph.

For corn the annual means for the SHR varied within a range of 0.728 in 197
1987. CHR had a range of 1.877 in 1986 to -0.288 in 1976. Within each year, t
variation between hedge ratios was greater for the CHR than for the SHR. The rang

from 0.496 over 1986 to a relatively stable 0.022 for 1988 for the SHR. The CHR.
of 0.946 during 1987 and a low of 0.223 in 1981.

For soybeans the annual mean SHR varied from 0.77in 1979to 1

mean CHR ranged from 1.464 in 1987 to 0.591 in 1986. Within each year,

between hedge ratios was minimal however the standard deviation was generallY

CHR. The range for the SHR was a high STD of 0.126 during 1979 and a loW of
The CHR ranged from 0.413 in 1985 to 0.025 in 1977. ef
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Corn Monthly Mean Hedge Ratios
Separate vs. Complex
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Figure 1. Monthly Mean Values of the Separate and Complex Hedge Ratios.
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Corn Annual Mean Hedge Ratios
Separate vs. Complex
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é rﬁnge in individual SHRs for corn was 1.927 to 0.315. The range in individual
2.357 to -0.825. The negative hedge ratio in the CHR represents a long futures
edge"). Monthly hedge ratios for corn were negative twenty-four times over the
h time the hedge ratio for corn was negative, the soybean hedge ratio was large,

t SHR for soybeans was 1.191, estimated in December, 1989. The smallest SHR
ated in June, 1979. The largest CHR for soybeans was 2.107, estimated in August,
allest CHR was -0.15, estimated in December, 1985. The CHR only went negative one
Jeans and that corresponds to the month of the largest individual corn hedge ratio.

PERFORMANCE

ove ex post hedge ratios are then incorporated into hedging strategies and their out-of-

ance is simulated. The out-of-sample marketing simulation is conducted to determine

hedge ratios can be employed by hedgers to manage risk. If the hedging strategies

orating hedge ratios perform well out-of-sample relative to other strategies, then the use of

ratios is supported. To allow for fair comparisons between strategies, interest and storage
cluded in the calculation of average returns to obtain a harvest equivalent price for each

.
The following five marketing strategies are examined:

Eid <

) arvest Sales -- all grain is priced at the average cash price during October.

" ECI Average - an equal proportion of production is priced monthly from October to
September of the following year.

outine Sales -- the crop is sold in four equal intervals at the average cash price for the
month. Preharvest sales are made in May, harvest sales in October, and postharvest sales

* during the following May and August.

Separate Risk Min. -- the minimum risk proportion of expected production is hedged in May

in December futures. The hedge is lifted at harvest and a minimum risk hedge ratio is

estimated for the post-harvest inventory. The post-harvest hedge is placed in the July
contract and held until May of the following year.

- Complex Risk Min. -- the simultaneous risk minimum ratio of expected production is hedged

in the same contract, at the same time and price in Strategy IV. Cash sales and the post-

harvest hedge are made in the same manner as in Strategy IV.

. The results from the out-of-sample hedge simulation are reported in Table 5. The results of
this simulation are not general results, the strategies may provide different results over other data
‘periods and under other assumptions.
= For corn, Strategy V, Complex Risk Minimum, had lower mean and standard deviation than
‘Strategy 1V, Separate Risk Minimum. For soybeans, Complex Risk Minimum, Strategy V, had a

,I.PWCI‘ mean return and a higher standard deviation than the Separate Risk Minimum, Strategy IV.

Total returns are the hedged returns for corn plus the hedged returns for soybeans. The
 total return results are plotted in mean-variance space in Figure 3. Risk averse individuals generally
- prefer strategies with the highest price and lowest risk (standard deviation). Strategies that appear

~upward and to the left are preferred by risk averse hedgers.
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Returns

ean Returns and Standard Deviations of Returns for Different

Table 5. M
g Strategies for the 1976 — 1989 Crop years.

Different Hedgin

Averaged Total Hedged Returns

Risk vs. Returm

$9.00
$8.90

$8.80 o . .
|V. Separate Risk Min.
]

= $8.70
o IIl. Routine Sales o
$  sae0 o v. Complex Risk Min.
a
$8.50
||. ECI Average
$8.40
,5.30 - 1 1 1 1
$0.70 $0.90 $1.10 $1.30 $1.50 $1.70
Standard Deviation

Figure 3. Relationship Between Mean Total Returns and Stand

for the Various Hedging Strategies.

_ Average Returns Received.
| Strategy: I 1. . V. V.
i Harvest ECI Routine Separate  Complex
Crop Year Sales AVERAGE Sales Risk Min Risk Min
Corn MEAN $2.44 $2.35 $2.37 $2.44 $2.41 |4
STD $0.58 $0.42 $0.38 $0.42 $0.36(8
Soybeans MEAN $6.29 $6.17 $6.23 $6.37 $6.23
STD $1.22 $0.73 $0.59 $0.72 $1.04
Total MEAN $8.74 $8.53 $8.60 $8.80 $8.64
STD $1.76 $1.01 $0.88 $1.00 $1.26 |

|. Harvest Sales

ard Deviations &
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= For risk averse hedgers, Strategy IV, Separate Risk Minimum, dominates Strategy I Harvest
Strategy II ECI Average and Strategy V Complex Risk Minimum. Strategy III Routine Sales,
ates Strategy II ECI Average. Selection of the most preferred strategy between Strategy IV
nd Strategy II depends upon the individuals risk preference.

The most risk averse hedgers would prefer Strategy III, Routine Sales, because it had the
t standard deviation of returns. The highest risk strategy was Strategy I, Harvest Sales. The
est return strategy was Strategy IV Separate Risk Minimum. It was expected that the Complex
k Minimum Strategy would provide lower risk than the Separate Risk Minimum Strategy.
ver in the hedge simulation, Complex Risk Minimum Strategy V had lower returns and higher
han the Separate Risk Minimum Strategy I'V.

UMMARY and EVALUATION ,

This study demonstrated a model to simultaneously derive minimum risk hedge ratios for

ple risks. Ex-post minimum risk hedge ratios were determined first with the standard minimum
edge ratios (SHR) model and then with the simultaneous, complex hedge ratios (CHR).

As was previously postulated, the simultaneous model estimated significantly different

ill have different futures positions. Theoretically, hedge ratios derived independently for corn
soybeans should be greater than hedge ratios that consider multiple risks simultaneously. The
ults for corn were significantly lower when the ratios were determined simultaneously.
@ expectedly, however, soybeans were just the opposite. Simultaneously derived soybean hedge
ratios were significantly greater than hedge ratios derived separately from the influences of corn

es. Results here suggest that if multiple risks are considered, they only should be because
erent hedge ratios may be realized.

Hedge ratios estimated each month showed that they vary with time.- Some evidence of
S€asonality was noticed, however, it was minimal. The inter-month variation between hedge ratios
,ﬂg"gcsted that hedgers not rely on the minimum risk hedge ratios to predict future hedge ratios.
CHR ratios had a higher variance than SHR.

The results of this study indicate that there is little benefit to be gained from generating
ultaneous hedge ratios as opposed to the standard hedge ratios for ECI corn and soybeans. The
Simultaneous model generated more extreme hedge ratios. Some simultaneously derived hedge
Tatios, especially in corn, were negative indicating a long futures position ("Texas Hedge"). In
addition, the out-of-sample hedging simulation showed that the CHR generated returns and risks that
ere inferior to the SHR.
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