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INTERACTIONS AMONG PRICE, PRODUCTION, AND FINANCIAL RISK IN
ANALYSIS OF OPTIMAL MARKETING STRATEGIES FOR FARMERS

Vickie J. Alexander and Wesley N. Musser

_ The magnitude of price risk for farmers has increased considerably in

. the last decade and has generated considerable interest in the use of

" nparketing strategies to alleviate this risk problem. Prominent among these

. strategies are those involving use of futures market transactions. The use

. of futures markets for price risk management has been incorporated in the

. theory of the firm under uncertainty (McKinnon; Feder et al.). Early

- empirical studies of farmer use of the futures market were concerned only

. with price risk (Ward and Fletcher; peck). Subsequently, research has

g considered production and price risk (Ro1fo), price and financial risk

- (Harris and Baker) and price, production, and some dimensions of financial
risk (Lutgen and Helmers; Berck). However, the financial risk arising from

. margins have not been explicitly considered. In his review of past

studies, Kenyon notes a need for more evaluation of marketing strategies

involving simultaneous consideration of production, price, and financial

risk.

some of these above studies suggested that hedging can significantly
reduce exposure to risk. Although surveys of farmers have found 1imited
use of futures markets to manage price risk (Paul et al.), the new pricing
environment may provide new opportunities (Kenyon). Traditionally, hedging
has been viewed as a fundamental use of the futures market for reduction of
price risk for farmers (Heifner; Ward and Fletcher; Peck; Hieronymus).
However, Paul et al. found farmers also speculating in the futures market.
Recent theoretical analysis supports the view that this behavior may be
consistent with risk averse behavior (Kenyon). Berck empirically
demonstrated that speculative positions in the futures markets can be
consistent with risk aversion. Thus, research on marketing strategies to
reduce risk should consider both speculation and hedging in the futures

market.

This paper presents a theoretical model of optimal firm decisions in
cash and futures markets that includes price, production and financial
risk. This model of marketing decisions is applicable to both hedging and
speculation in the futures market. The model is also adapted for more
limited sources of risk. Marketing strategies for corn and soybean
producers in Georgia and I11linois are analyzed to determine the optimal
amount of futures contracting, whether it is a hedge or speculative
position. A comprehensive empirical E-V analysis is included which
considers the following marketing strategies: 1) cash sales at harvest, 2)
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a hedging and a speculative position equal to one futures contract (i.e.,
5000 bu), and 3) the theoretically optimal size futures contract which
could entail a hedge or speculative position. The strategies are analyzed
for both situations since a negative covariance between cash price and
yield is more 1ikely in I11inois than Georgia because of differences in
contributions to aggregate production. The futures market strategies were
routine with transactions occurring at planting and harvest. The
innovative feature of the analysis is the inclusion of simulated risk
associated with margin requirements. Results from analysis of only price
and production risk are also presented to allow evaluation of the
importance of financial risk. In addition, results from production being
nonstochastic are included to evaluate the importance of interaction of
this source of risk with marketing strategies.

The Model

This paper considers the mean-variance preference function that assumes
the producer's expected utility, EU, is a function of expected returns,
E(R), and variance of returns, var(R), that is,

(1) EU = E(R) - mVar(R)

where m is a measure of risk aversion. This function has had extensive
theoretical and empirical application in former research on futures markets
strategies (Peck; Rolfo; Chavas and Pope; Kahl).

Assuming production costs do not vary among marketing alternatives and
are non-stochastic, risk analysis can be based on gross revenues less costs
of futures market transactions. Returns for the cash, (R), and cash and
futures market, (R') are then specified as follows:

(2) R=P.Y
(3) R'= P.Y + (FP-FH)Q - 0C-Q - COM-Q
where
P = random cash price at harvest
Y = random output
FP = futures price at planting
FH = random futures price at harvest
Q = size of contracts in the futures market
(Q > 0 represents a hedge and Q < 0 a speculative position)
0C = random interest opportunity cost per bushel = the
difference between the interest foregone on margin
deposits due to losses and interest earned on profits
for futures contract.
COM = brokerage commission per bushel.

Risk analysis of the alternatives can be based on specifying a time series
of the variables in (2) and (3). If only price risk is of concern, Y would
be fixed and only the price variables would be stochastic. When Y and the
price variables are stochastic, both price and yield risk are considered.
Finally, including stochastic values for the term OC results in all three
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‘being considered - price, production and financial risk. The
thi's paper examines all of the above approaches. The analysis
rs Q equal to average yield for the firm and Q equal to the
“futures contract determined by maximization of TE),

is assumed to make production and futures market decisions at
ng of the production process. Output and price at harvest can
at planting as random variables. At the time of decision making,
_as well as the price of the futures contract bought or sold
owever, the futures price at harvest is assumed to be

at planting. Commission cost is known at the time of the

taking and is non-stochastic; however the opportunity costs

d with margin deposits required by the brokerage firm are not
ause deposits fluctuate with margin calls. This opportunity cost
interest costs on the difference between margin deposits and
profits on the futures contract which can be positive or negative.
in deposits are required, the farmer may incur increased loan costs

oning of capital. This cost has been usually assumed nonstochastic

ymination of the optimal size futures contract results from
zation of expected utility in (1) with respect to Q, the size of the

Using (3), standard statistical formulas and the above
, expected utility of R' can be written: :

EU(R') = E(P-Y) + (FP-E(FH))Q - E(0C)Q - COM Q - m [Var(P-Y) + Q2Var(FH)
e + Q2var(0C) - 2QCov(P-Y,FH) - 2QCov(P-Y,0C) + 2Q2Cov(FH,0C)]

re E, Var, and Cov are the expected value, variance and covariance
rators, respectively.

he first order condition! identifying the optimal size futures contract,
{5z

(5) FEUR') . pp _ E(FH) - E(0C) - COM - 20mbar(FH) - 20mar(00)

+ 2mCov(P-Y,FH) + 2mCov(P-Y,0C) - 4QmCov(FH,0C) = 0
Solving for Q* with an assumption that m > 0 yields:

(6) Q* = 1 FP - E(FH) - E(OC) - COM Cov(P.Y,FH)
pan) Var(FH5+VarIﬁCi+2Cov(FH,GCT Var(FH)+Var(0C)+2Cov(FH,0C)

N ~ Cov(P-Y,0C)
Var(FH)+Var(OC}+260v(FH,OC)

For exposition purposes, it is helpful to rewrite (6) as follows:

(7) Q% R 1 1S Cov(P-Y,FH) Cov(P.Y,0C)
P,Y,0C omvar(RF)  var(RF) Var(RF)

where the subscripts represent stochastic terms, and

E(RF) = expected returns from a futures market transaction which is the
numerator of the first term in (6), and ‘




31

var(RF) = variance of returns from a futures market transaction which is ;
the denominator of the second and third terms in (6). :

The first term is therefore simply the ratio of expected returns from a
futures contract to the variance of a futures contract weighted by m. If
E(RF) is positive, the first term would support a hedge (Q* > 0) while if
E(RF) is negative it would support a speculative position (Q* < 0). The
second term is the ratio of the covariance of cash gross revenue and
futures price at harvest to Var(RF): a positive covariance supports a hedge
(Q* > 0) while a negative value supports a speculative position (Q* < 0).
Finally, the third term is the ratio of the covariance of cash market
returns and the opportunity costs of a futures market transaction to
var(RF); its relationship to the sign of Q* is the same as the second
term. In empirical situations, the signs of the three terms could differ
so their sum would determine Q*.

Price, production and financial risk have differing effects on Q* in
equation (7). If only price risk is included, Var(RF) is simply Var(FH)
and the second and third terms are zero. Production risk does not effect
var(RF) or the first term. Its only impact is in the covariance in the
numerators of the second and third terms. These terms would not be zero
without production risk but would be rewritten as YCov(P,FH) and
YCov(P,0C), respectively, as long as P and OC are stochastic. In constrast
financial risk affects all the terms through Var(RF) and the numerator of
the third term. If OC is non-stochastic, Var(RF) = Var(FH) and the third
term is zero. Q* in equation (7) can be rewritten to consider (a) price
risk, (b) price and production risk, and (c) price and financial risk:

(7a) Q* - E(RF) . YCov(P,FH)
P - ZmVar(FH) Var(FH)
P,Y Zmvar(FH) Var(FH)

E(RF) . YCov(P) YCov(P,0C)

+*
(7¢) @ o¢ = ZmVar(RFY * Var(RF) ar(R

Data

Empirical analysis of the optimal futures contract is based on a time
series of variables in (2) and (3) for 1973-1981, which corresponds with
the recent risky pricing environment. The risk parameter, m, in (1) is
selectively varied over the risk-averse range O<m<w. State average monthly
cash corn and soybean prices and annual yields were utilized for Georgia
and I11inois (U.S. Department of Agriculture, Agricultural Prices; U.S.
Department of Agriculture, Crop Production). State average yields of
course are subject to aggregation error. However, most output data in
historical risk analysis has similar error. Furthermore, aggregate data
have been used in previous risk analyses; for example, Ro1fo used national
data. Acreages were the average levels producing 5000 bushels (one futures
contract) over the time period: 50 acres of corn and 150 acres of soybeans
in I11inois and 100 acres of corn and 250 acres of soybeans in Georgia.
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g formulation, Y in equations (2) and (3) equals output from these

was assumed toO be planted in April in Georgia and May in I11inois
.yest being in September in both states. Planting and harvesting
or soybeans were June and November in both states. Cash harvest

re average for these harvest months. With this production timing,
er contracts for corn and November contracts for soybeans were used
 futures market transactions. Daily average prices for respective
onths were defined as the average of daily high and low on the
goard of Trade, and the monthly averages of these daily prices were
¢ FP and FH in equation (3). Use of monthly averages probably
| “the variation in returns from futures market transactions. Ro1fo

particular daily prices in his analysis to avoid this problem;
swever, this specificity in pricing could result in a large random

tuation in prices for this one day in one year,.severe1y biasing the

gopportunity costs on margin accounts reflect interest costs on margin
deposits required by brokers. Since data on margin requirements were
available, a procedure to simulate the requirements was developed after
nsultation with individuals knowledgeable about futures transactions.
rgin accounts include an initial margin and maintenance margin. Initial
rain is assumed to be 7.5 percent of the average value of the contract
ring the year for hedging and ten percent for speculation. Maintenance
in is a threshold level that triggers additional funds to be deposited
th the broker; the maintenance margin was assumed to be 75 percent of the
initial margin in this analysis. When the value of the contract decreases,
the hedger incurs a profit and these funds above the initial margin are
available to the producer. 1f the value of the contract increases, the
hedger incurs a 1oss. When the loss falls below the maintenance margin, a
margin call results to bring the balance back up to the initial margin.

For a speculative contract, the opposite pattern holds in that a drop in
_the futures price requires a margin call and a rise results in an excess of
capital. For this analysis, daily margin requirements were simulated for
each day the contract was open from average daily prices for each year in
the time series. The annual margin requirements were then calculated using
the average of the daily requirements for each year. An interest rate
equal to yields of six month U.S. government bonds was multiplied times
this annual margin to yield the opportunity cost of these margin
requirements. The opportunity cost associated with hedging is:

T
(8) OCH = [IMH + = (MRHt)/T]r = 5000
¢=1

where
OCH = opportunity cost of margin deposits associated with hedging
IMH = initial margin required for hedging
MRHt = additional margin requirement for hedging

MRHy = (Pya1 - PLIQ if
(a) (P41 - Pt)Q < 0 or
(b) (Pg+1 - P+)Q > 0 and (P4 - Pt)Q > MMH
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MRHy = O if
(a) (Pgs+1 - Pt)Q =0 or
(b) (Pts] - P£)Q > O and MMH < (P4 - P¢)Q < IMH

MMH = maintenance margin for hedging
Q = size of futures contract in bushels
T = number of days contract is open
r = semi-annual interest rate.

The opportunity cost of margin deposits associated with speculating is:

T
(9) ocS = [IMS + = (MRSt)/T]Y' + 5000

t=1
where
0CS = opportunity cost of margin deposits associated with speculation
IMS = initial margin required for speculation
MRSy = additional margin requirement for speculation
MRSy = -(P¢+] - P¢)Q if
£ (a) (Pt+s1 - P£)Q > Oor
(b) (Pts] - P£)Q < 0 and -(Pg+1 - Pt)Q > MMS
MRSy = 0 if
(a) (P41 - P¢)Q = 0 or
(b) (Pt+1 - Pt)Q < 0 and MMS < -(Pg+1 -P¢)Q < IMS
MMS = maintenance margin from speculation
Q = size of futures contract in bushels
T = number of days contract is open
r = semi-annual interest rate.

Differences in average daily prices in the equations above reflect either
Josses or profits depending on signs of price changes.

Calculated annual average margin requirements per bushel, the interest
rates used to calculate opportunity costs, the opportunity costs of margin
requirements per bushel, and historical commissions are included in Table
1. Historical means of all the variables used in the analysis are listed
in Table 2 along with the variances and covariances of the stochastic
variables relevant to the analysis. Mean sample values in Table 2 were
utilized in this historical analysis; current values of FP and COM would be
used for actual decisions. Means and variances of returns from futures
market transactions in equations (6) and (7) are calculated from parameters
in Table 2 and listed in Table 3. -

Sample moments of 0C and therefore for returns for futures market
transactions varied between hedges and speculations in Tables 2 and 3.
Therefore, the simplifying theoretical assumption in equations (2)-(7) that
moments of OC are invariant with the sign of Q* was relaxed in the
empirical analysis. The following procedure was then utilized to
accommodate this discontinuity: (1) Q* was calculated with both sets of
parameters for 0C, (2) if Q* > 0 (<0) from both estimates, then the value
from using moments of OC from hedging (speculting) was adopted as the
appropriate value, and (3) if Q* had opposite signs in the two estimates,

equation (1) was used to select the value which maximized expected utility.
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Table 3. Sample ioments of Probability Distributions Used to Specify
Optimal Futures Transactionsd.

State and Hedge Speculation
Commodity E(RF) Var(RF) E(RF) Var(RF) Var(FH)
Georgia
Corn -0.14354 0.29694 -0.15440 0.29970 0.29087
Soybeans -0.18591 1.59155 -0,21346 1.60762 1.55975
I111inois
Corn -0.15263 0.29659 -0.16352 0.29923 0.29087
Soybeans -0.18591 1.59155 -0.21346 1.60762 1.55975

ag (RF), Var(RF), and Var(FH) refer to components of equation (7).

Empirical Results

Before discussing optimal strategies, it is helpful to relate the
moments in Tables 2 and 3 to the equation defining the optimal position in
(6) or (7). The negative signs on expected returns of a futures market
transaction, E(RF), in Table 3 supports speculative positions in four
situations. This negative sign occurs because FP < E(FH) in all situations
(Table 2). Without reviewing the controversy on relationships among
futures prices, these data support the view of a risk premium to hold
futures contracts (Hieronymus). Between 1973 and 1981, speculation would
yield a positive return for these positions; this risk premium is
consistent with the price volatility in this era assuming speculators are
risk averse. Negative values for cov(P-Y,FH) and Cov(P-Y,0C) also support
speculative positions in equations (6) and (7). However, these covariances
are negative only for soybeans in Georgia when yield is assumed to be
stochastic. Thus, a speculative position would definitely be optimal in
this case; the optimal position in the other cases depends on the relative
magnitudes of the terms in equations (6) and (7).

Optimal futures contracts as a percent of physical production for
various sources of risk are presented in Table 4 for various levels of m,
the risk parameter. In the computations, the same sign for Q* is obtained
with moments for opportunity costs of hedging and speculation so the third
step in the computations identified in the previous section is
unnecessary. As discussed above, speculation is always optimal for
soybeans in Georgia when yield is assumed stochastic. For the other
situations, hedging is optimal for risk aversion coefficients greater than
00001 for corn in Georgia and soybeans in I11inois while hedging is
optimal for m less than 0001 for corn in I11inois when production risk is
considered. Since m is inverse1y related to size of the first term in
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6) and (7), these results are consistent with the sign of

ed returns from a hedge discussed above. More risk averse producers
: 11ing to tradeoff the loss in expected returns for the reduction in
yariance arising from positive covariances between gross revenue and
futures price at harvest and opportunity costs of margins assuming yield is
stochastic. The same result occurs when output is assumed nonstochastic.
Here covariances between cash price and futures price at harvest and
opportunity costs of margins are positive for all cases. Furthermore, the

¢ize of the optimal hedging ratio is an increasing function of the risk
parameter, m, for situations with o* > 0, which is also consistent with

this logic.

Financial risk has 1ittle effect on the results in Table 4. The sign
of Q* is the same with financial risk excluded as when included in all
cases; the magnitudes of the optimal ratios are also quite similar. The
smaller magnitude of variances and covariances associated with opportunity
costs than for futures price at harvest explains these results. For
example, the variance of FHeg 15 0.29087 and its covariance with P.Yca

is 1525.35 (assuming yield 1is stochastic) while the variance of OCHgg 15
0.00032 and its covariance with P.Ygg 1s 15.1924 (Table 2). A further
implication of these results is that the magnitude and sign of the
covariance between P.Y and FH or P and FH is the crucial parameter
determining the sign of Q*. In this analysis, positive covariances in
these variables result in hedges being optimal for risk averse individuals
in seven of the situations analyzed (Table 4). This result seemingly is a
paradox because usually negative covariances are associated with risk
reduction. However, future prices at harvest (FH) is actually an input for
a hedger, and positive covariances between revenue and input costs reduce
variance of returns (Musser, et al). The negative sign on Cov(P-Y,FH) in
equation (4) indicates this relationship for choice of futures market
transactions.

Unlike financial risk, production risk does greatly affect the

results. Without production risk, Q¥ does not vary much between the
states, being about 64% for corn in poth states and about 58% for soybeans
in Georgia and 51% in I11inois. Obviously, the cash markets in these
states reflect efficient national markets. However, the optimal positions
are quite different than when production js stochastic. The results are
most dramatic for Georgia soybeans where hedges rather than speculative
positions are optimal for m > .00001. Rather than Cov(P.Y,FH) O,
YCov(P,FH) 0. For Georgia corn, the opposite effect occurs: QF decreases
when Y is fixed: YCov(P,FH)  Cov(P-Y,FH). In I11inois, the pattern is
similar for both commodities with Q* larger with Y fixed. 1In these cases,
YCov(P,FH)  Cov (P.Y,FH). These dramatic differences strongly support the
use of stochastic production in formulating pre-harvest marketing

strategies.

Since most producers can not freely vary Q*, a cash market position and
a hedge and a speculative position with the contract fixed at an amount
equal to average yield, (i.e., 5000 bushels) are analyzed with equations
(2), (3), and (4) and (7). Expected values and standard deviations of
returns for these strategies for various sources of risk are presented in

Table 5 for Georgia and I1linois. Financial risk has 1imited effect on
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tical parameters and no effect on £-V efficiency. The cash and fixed
jve positions are E-V efficient in all cases for both Georgia and
The fixed size of futures contracts definitely constrains risk

. Hedging is the optimal position for most risk aversion

cients for the yariable contracts (Table 4), but the fixed hedge is

y efficient for Georgia corn (Table 5). Although financial risk
not affect E-V efficiency, production risk has dramatic effects except
‘georgia corn. In the other three cases, hedging is efficient when
uction is nonstochastic but is E-V dominated by the cash position when
gction risk is considered.

B lLarger producers (output > 5,000 bushels) could approximate the optimal
yriable contracts. For example, the optimal hedge is about 33 percent of
.oduction for I11inois corn and about 20 percent for 111inois soybeans

en production risk is considered (Table 4). A risk averse producer with
5,000 bushels of corn and 25,000 bushels of soybeans could hedge one
ontract for each commodity to approximate the optimal hedges. However,
he differences in parameters of returns of the optimal hedge compared to
the fixed cash position are quite small in most cases. Thus, even large

risk averse producers will not gain much from a hedge.

Conclusions

This paper presents an empirical analysis of optimal pre-harvest
decisions in the cash and futures market that incorporates price,
production and financial risk. The theoretical model for the analysis uses
a mean-variance preference function with varying levels of the risk
aversion parameter. Two statistical parameters are demonstrated to be
jmportant in determining the optimal futures market position: (1) expected
returns from a futures market transaction, and (2) the covariance of cash
returns from production and the futures price at harvest. A positive value
for both parameters supports 2 hedged position while the opposite signs
support a speculative position. In the empirical analysis, expected
returns are negative in all cases. The covariance is negative for Georgia
soybeans, SO speculation is optimal for all risk aversion coefficients. 1In
the other cases, the covariance is positive, and hedging is optimal for
most levels of risk aversion., However, the ratio of the futures contract

to physical production is well below unity for most cases.

The general theoretical framework assumes futures markets transactions
are continuous which is inapproximate for many farmers. Therefore, the E-V
efficiency of a cash, fixed quantity hedged and fixed quantity speculative
strategies are also evaluated. Hedging is E-V efficient only for corn in
Georgia when production risk is considered. This corresponds to previous
research on this strategy (Kenyon). This study finds 1ittle support for
pre-harvest hedges. In contrast, the fixed speculative position is E-V
efficient for all cases. However, speculative positions have higher risk
than the cash position in these cases which corresponds to conventional
wisdom. Given that Berck also found speculative positions g-y efficient,
more research on this strategy appears promising.
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One of the innovative aspects of this research is the consideration of
the impact of financial cost of futures market transactions on the expected
value and variance of returns. Exclusion of financial costs has no effect
in the E-V set of fixed strategies and very limited effect in the variable
futures positions. The results serve to support the tendency in the
literature to assume these costs are zero (Peck; Chavas and Pope). In
contrast, production risk is very crucial in both the optimal variable
contract and the fixed contract results. These results support the recent
theoretical and empirical emphasis on considering production risk in
marketing analysis.

Footnotes

TThe second order condition assures a maximum

2 |
SEURY) - pnvar(FH)-2uVar(OC)+dnCov(FH,00) = -ZaVar(FH-0C) < O
Q
where 0 < M <=, assuming risk aversion and Var(FH+0C) > 0 by definition.
2The financial cost of margins is conservative in several respects. The
alternative investment is assumed to be government bonds. If alternative
risky investments are assumed, r would be higher. If investors can earn

interest on their margin deposits, r would equal the difference between
that interest rate and the rate of return in alternative investments.
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