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Managing Risk by Coordinating
Investment, Marketing, and Production
Strategies: Comment

Gregory M. Perry

The importance of enterprise selection in managing
risk has been recognized since the early beginnings
of the agricultural economics profession (Taylor).
Production and marketing activities represent dif-
ferent but important sources of risk to farmers. Risk
management can be critical to continued viability
of a farm entity.

Recently, Johnson and Boehlje (JB) conducted a
study to identify investment, marketing, and pro-
duction strategies that minimized total variance,
subject to achievement of a minimum ending net
worth level. They used a multiyear quadratic pro-
gramming (QP) model in the analysis. Their study
represents an original approach to identifying risk
management strategies for farmers. An apparent
error in model specification, however, raises ques-
tions about the value of their results.

The major criticism of the JB approach lies in the
specification of the representative farm's activities.
As stated in the paper, "Activities for investment,
financing, production, marketing, input supply (in-
cluding land rental), and accounting are specified
for each period" (p. 159). Uncertain activities that
enter the objective function in additive form (e.g.,
investments) are correctly modeled in a QP model
as separate activities. Those variables entering the
objective function in multiplicative fashion, how-
ever, cannot be treated in the same manner. As an
example, gross revenue is calculated as price times
output. If these two random variables (price and
output) are normally distributed, their product (gross
revenue) is new random variable that is univariate
normally distributed. As a result, one activity (gross
revenue) would be entered in the QP model to rep-
resent the production and marketing activities.
Specification of mean and variance for the new uni-
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variate distribution is quite different than that spec-
ified by JB when treating production and marketing
as separate activities.

For the new univariate distribution (NUD)

(1) E[PY] = ipAy + py,

where g, is expected price, Ay expected yield, and
op covariance between price and yield. Similarly,
variance for the new univariate distribution is

(2) V[PY] = fyCoa + Ipo, + 2 y + crpcr2

where a2 is price variance and r2 is yield variance
(Goodman). Covariance between the two univariate
normal distributions is

(3) C[PIY,, P2Y2] = ,yly2i
0

plp2 + ,plyly20p2yl

+ 
0

p2ylOply2 + 
0

plp2ayly2

+ --plp2
0

yly2 + yylpp2'ply2,

with aplp2 being covariance between prices one and
two and other covariances defined in a similar man-
ner (Bohrnstedt and Goldberger).' The NUD ap-
proach has been used by others in the agricultural
economics profession (Tew and Boggess) and has
been recommended by Anderson, Dillon, and Har-
daker when treating price and output as random
variables (chap. 2). Musser, Mapp, and Barry also
suggest this approach when making production and
marketing linkages, as was done by JB.

The NUD results are in contrast to the relation-
ships used by JB when treating production and mar-
keting as separate activities. Assuming everything
produced is marketed, expected return, variance,
and covariance expressions are

(4)
(5)

(6)

E[PYIJB = AA'

V[PYIJB = o2 + LyTP + 
2

/L-yap

C[PI Y1, P2Yj]JB = 
2
/.tyl/Ly2oplp2 + 2

1Ly2Op2yl

+ 20yly2 + 2typly,2.

Equations (4), (5), and (6) all differ from their coun-

Bohmstedt and Goldberger derived the variance and covari-
ance equations for all bivariate distributions. Several higher mo-
ment terms are dropped from the equations when normality is
assumed for the two random variables,
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terparts among (1), (2), and (3). The differences be-
tween the JB and NUD results are

(7) E[PY] - E[PY]JB = P

(8) V[P
2
Y] - VP 2 F]JB = 2y + a2( + a - 1)

+ 2,ap0y( - 1)

(9) C[P, Y,, P2 Y2

- C[P, Y1, PY2 JBY = y2Op2yl(.l - 2)

+ Oyly2(fplp2 + -pl/p2

- 2)

+ Oly2(0,2yl + -yl/p2

-2Ay).

- Iyl.y2afplp2.

Based on (7), JB return either over- or understates
expected return by apy. The most important result
to note in equations (8) and (9) is the effect of ex-
pected price and price variance on the difference
between the two approaches. The larger expected
price and price variance is for each activity, the
greater the error in estimating variance by the JB
method. In addition, activities with higher variance
because of high price mean and (or) variance will
tend to enter the optimal solution at greater levels
for the JB approach than will occur for the NUD
approach. Finally, the covariance apy may not be
zero in many situations, making it a serious error
to omit or understate the influence of this variable.

Example Problem

An empirical example is useful to contrast the dif-
ference between the JB and NUD approaches. Since
criticism is being directed at the JB article, it seemed
appropriate to use data from the article in the ex-
ample problem. This was easier said than done,
however, because of the difficulty in verifying cal-
culations for some of the data, particularly variance
(table 3 ofJB) for crop production activities. A read-
ing of the model documentation provided by John-
son suggests that historical yield variance was some-
what combined with cost-of-production variance to
form production variance. A clear explanation con-
cerning the procedure used was not given, and sev-
eral attempts by the author to duplicate the JB cal-
culations were not successful. Use of incorrect data
in the example should not be a serious problem,
however, as long as consistency in use exists be-
tween the two approaches.

The example problem focuses on production and
marketing of corn and soybeans. For the JB ap-
proach, the model formulation was

Max D'X - (r/2)X'QX

subject to

C+S 1
lOC - MC= 0
40S - MS = 0,
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Figure 1. E-SD frontiers for the JB and bi-
variate normal distribution approaches

where

D' =[-49.54 -27.68 1.29 3.20]
X' = [C S MC MS]

317.31
182.86
-4.81
-9.21

182.86
116.05
-2.50
-5.17

-4.81
-2.50

.11

.20

-9.21
-5.17

.20 and

.42

C, S, MC, and MS are, respectively, corn produc-
tion, soybean production, corn marketing, and soy-
bean marketing activities. The first constraint caus-
es production activity levels to be in percentage
terms. The second and third constraints require all
production to be marketed. All data were obtained
from tables 2 and 3 of the JB article with the ex-
ception of expected yields for corn and soybeans
(110 bu/acre and 40 bu/acre, respectively), which
were obtained from Johnson.

The model formulation for the NUD approach
was much the same as for the JB approach, although
matrix and vector sizes and contents were different.
Values used in the NUD approach were

D' = [87.55 91.11]
X' = [CC CS]

[ 552.0 339.21
Q [339.2 612.3J'

where CC and CS are the combined corn and soy-
bean production and marketing activities, respec-
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approach would tend to recommend strategies that
have a larger percentage of production in a crop
with higher marketing mean price and variance.

BND
Approach
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Figure 2. Percent of acreage in soybeans at
selected Pratt risk aversion coefficients

tively. Because production and marketing were
combined into one activity, constraints two and three
in the JB approach were not needed. The net rev-
enue vector and covariance matrix were calculated
using equations (1), (2), and (3).

The E-SD frontiers for the two approaches are
shown in figure 1. All points on the NUD frontier
were to the right of the frontier for the JB approach,
i.e., the latter approach consistently underestimated
total standard deviation. The amount by which the
JB approach underestimated total standard devia-
tion varied with expected income but was as high
as 40%.

Another example of the difference between the
two approaches is illustrated in figure 2. In this fig-
ure optimal percentages of soybean acreage at dif-
ferent risk aversion coefficients are given. Clearly,
quite disparate recommendations could be made for
the optimal crop mix, depending on which proce-
dure was followed. In the JB approach, corn never
represented more than .3% of total acreage. By con-
trast, use of the NUD approach suggested up to 50%
of the farm acreage should be planted to corn. As
the risk coefficient increased past about .1, acreage
of both corn and soybeans declined. The JB ap-
proach consistently recommended planting more
acreage to soybeans than did the NUD approach.
Soybeans had a higher mean and variance for price,
lending support to the earlier contention that the JB

Implications

Both theoretical and empirical results presented here
suggest the JB study has serious methodological
problems. Their approach underestimates total
variance and tends to generate recommendations
biased toward activities with high price means and
variances. The example problem indicated how large
an error can occur both in E-SD frontier calcula-
tions and crop mix recommendations where the
wrong approach is used. Given the error in their
approach, the conclusions and recommendations
made by JB are very much open to question. Re-
searchers in general would do well to follow the
NUD approach when analyzing the combined pro-
duction-marketing problem in a QP framework.

[Received October 1985;final revision
received February 1986.]
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