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THE EFFECTS OF CROP DIVERSIFICATION
UPON THE VARIABILITY OF INCOME FOR
EASTERN-SOUTHEASTERN SOUTH DAKOTA

D. L. Peterson
Economics Department

Dryland faminf in east-south-
eastern South Dakota™ is characterized
by diversified crop production.
Alfalfa, corn, oats, soybeans, and
grain sorghum are the most popular
crops, accounting for more than 932 of
the dryland acres planted in 1975 (Ta-
ble 1). Flax, barley, rye, alfalfa
seed, and hay other than alfalfa were
grown on the remaining 72 of the dry-
land crop acres.

A major reason farmers in this
area diversify is for income stability.
Diversification evens out the high
variability in income associated with
specializing in one crop. It is the
purpose of this study to investigate
the effects of crop diversification
upon income level and variability.

l'Ea.st:--southeast:e*rn South Dakota
is defined as Moody, Minnehaha, Clay,
Lincoln, Tummer, Union, and Yankton
counties.

METHOD OF STUDY

Data Sources

Data on county crop yields and
prices received by farmers were ob-
tained from annual reports of the
South Dakota Crop and Livestock Report-
ing Service (6). Prices paid for
inputs were obtained from the same
source whenever possible, However,
sone information could only be obtained
from other sources (7,4,3).

Time Series and Bndgets

Net return to management was
determined for each crop for years
1964 through 1971 plus the year 1975.
Abnormal farm markets characterized
1972 through 1974, Poor crops in the
U.S.S.R., China, and elsevhere in-
creased the demand for U.S. produced

wheat and fced grain. Greatly reduced
anchovy catches increased the demand

Table 1., Acres and percent of land allocated to the most common crops
grown in Eastern-Southeastern South Dakota in 1975

Crop Acres % of Land
Corn 837,000 48,33
Oats 361,000 20,84
Soybeans 261,700 15.11
Alfalfa 148,000 8.55
Grain Sorghum 8,000 0.40
All Other Crops 116,220 6,71
Total Acres 1,731,920 100.00




for soybeans and other high protein
crops. These conditions produced the
greatest price increases for farm
products in history. Government im-
posed price freezes also prevented
the market from operating normally.
For these reasons the years 1972
through 1974 were excluded from the

study.

From 1964 through 1972, govern-
ment price support programs were in
effect. Thus with the years 1972
through 1974 dropped from the time
series, the only year when a price
suypport program did not exist was
1975, At the time of the writing of
this report, it appears that some type
of price support program will once
again be in effect by 1978, which will
likely have the same effects on the
variability as did the earlier pro-
grams,

The return to labor and manage-
ment was estimated for each year by
subtracting the calculated cost of
production and implicit land rent from
total revenue., Total revenue was
estimated from the product of average
yield and the average price received
by farmers, as reported by the South
Dakota Crop and Livestock Reporting
Service (6). The average yield for
the east-southeastern counties in each
year of the study was obtained by
using the equation:

(1) Yg = IPg,
LAgy

Where Yp is the average yield per
acre of crop B, Pp; is the total pro-
duction of crop B 1n county i, and
Agy is the total acres of crop B har-
vested in county 1.

This technique was chosen be-
cause it weighs the yields of the
different sized counties commensurate
with their total acres. It should be
recognized that this technique esti-
mates the variance of the whole area,
rather than of the separate counties,
This means the estimate of the
variance will be less than would be
the case for the individual counties

L

due to offsetting yield changes
among the counties within the dis-
trict in any given year.

Costs of production for each
crop were estimated for each year by
using "Market Prices for Net Profit,
1975" (%) as a guide for the amount of
inputs.© It was assumed that there
vas no appreciable change in technol-
ogy in the years studied. However,
fertilizer use varied considerably,
and adjustments were made each year
for the amounts of fertilizer used.

An index of fertilizer use was
developed, based on total fertilizer
sales in South Dakota. The year 1974
had the highest fertilizer sales in
history for the state and was equated
to the recommendations found in Der-
scheid and Aanderud (2). All other
years were adjusted dowmward from
these recommendations, The costs of
fertilizer by year were then calcu-
lated using the estimated price and
quantity of fertilizer for each
respective year,

Drying costs were included in
the corm and milo budgets and were
based upon custom drying rates per
bushel, obtained from Doane's (3) and
Duey and Rawson (4).

Production Credit Association
and commercial banks make approximately
802 of all non-real estate loans to
farmers. Therefore the interest rates
used in the study were a weighted
average of the rates of these two
institutions for non-real estate loans,
as reported by the Board of Governors
of the Federal Reserve System (1),

Land charges were adjusted from
Derscheid and Aanderud (2) by an index
number developed from cash rent paid
for cropland as reported by the South
Dakota Crop and Livestock Reporting
Service (6)., Since land is assumed to
rveceive the residual profit, any up-
ward or downward trend in profits is
capitalized into the price of land.

25ee Appendix for example of
budgets used.




Thus, by including a land charge the
variance due to a general rise in
prices or increased efficiency would
be reduced.

Assg: tions

Three important assumptions were
made, First, it was assumed that the
farm operator had average managerial
ability in all possible crops. This
is reflected by the use of average
yields for the seven-county area.

The second agsumption was that
land i{s the limiting resource. Conse-
quently, the results are presented on
a per acre basis. If some other input,
such as labor, were the limiting re-
source, then the study should be based
on a per hour of labor or other appro-
priate uit,

The third assumption was that
the cost of production does not change
with the degree of diversification,

If an operator specializes in one
crop, more insecticides and herbicides
may be required. But offsetting these
increases in variable costs is a re-
duction in the amount of equipment
needed to handle other crops. Because
of the difficulty in assessing these
differences in costs and the fact that
they are offsetting, they were ignored
in this study.

THEORY

One measure of variability is
the variance. The variance is the sum
of the squared differences between
each of the observations and its mean.
In the problem at hand, the variance
would be measured in "square dollars"
and would not be helpful, Therefore
in this report, more attention is
given to the standard deviation,
wvhich is the square root of the var-
iance. This gives us a measure of
variability in dollars per acre.

One element of useful informa-
tion that can be obtained from the

standard deviation is the range of
expected income. The range created
by adding and subtracting the standard
deviation from the mean income will
include 68.26% of all observations.
For example, suppose the average
return per acre for a given crop were
$8.00 and the standard deviation were
$4.00, This means that in 68 years
out of 100 the profit received would
be between $12.00 ($8 + $4) and $4.00
($8 - $4). I1If two standard deviations
were added and subtracted from the
mean, 952 of the observation will fall
wvithin the range created. Thus, the
smaller the standard deviation, the
more certain one is of obtaining the
expected income,

To use an example, Table 2 shows
that soybeans have an expected average
income of $10.60 per acre with a stan-
dard deviation of $8.98. Applying the
above technique, we find that the re-
turn to management will be between
$19.58 and $1,62 68% of the time and
between $28.,56 and -$7.36 952 of the
time, The smaller the standard
deviation, the more accurately you
can predict your income.

A problem common to the use of
either the variance or the standard
deviation as a measure of income
variability is that neither is related
to the level of income. Thus it is
possible to have a low measure of
variability combined with either a
high income or a low income and like-
wise for a high measure of variability,
To address this problem the coeffi-
cient of variation may be used. The
coefficient of variation is the stan-
dard deviation divided by the
expected, or average, income, Thus
we obtain the variability per $1.00
of income.

For example, with an expected
income of $8.00 and a standard devia-
tion of $4.,00, the coefficient of
variation would be 0.5. If another
crop had an expected income of $8.00
and a standard deviation of 16, the
coefficient of variation would be 2,
and the income of the second crop
would be less secure than that of the




first with the chances of a big hit or
a big loss being greater for the second
crop.

Variability with Two Crops

When two crops, A and B, are
grown the totgl variance is given by
the equation:

(2) “T - QA? + oBZ + Z/gAP

vhere 2 is the total varian e.
is the variance of crop A, °B is ehe
variance of B, /” is the correlation
coefficient between A and B, and o, and
og are the standard deviation of A and
B,

When using this formula it is
assumed that the size of the operation
has increased by the amount of B
grown, Under thess conditions, the
total v, sriance, or“, would be less
than ¢,“ only if ZPGApB + 082 is less
than zero. For this to occur, the
correlation coefficient would havi to
be negative, If /were +1 and o,
og“ then oTz would increase by 4 times,
the same as would be the case if the
amount of A were doubled,

The purpose of this study was to
find the ratio at which two crops
might'be grown so as to minimize the
variability of income. Therefore the
equation (2) above must be modified to
a per acre variability and becomes:

(3) 01-2 - qz(oAz) +
1-02 og? + 2/ (@) 1-0) 4 o

where q is the proportion of an acre
devoted to the production of A and
l-q the proportion devoted to produc-
ing B. In equation (3), 1if the
variance of B is not greater than the
variance of A, then total variance
will be reduced if the correlation

3For derivation of equations 2
through 6 see Johnson and Tefertiller
(5).

6

coefficient is less than 1, and some
of B is grown.

With the use of calculus, the
equation for q, denoted as q*, which
will result in the minimum variance
per acre is:

(4) q* = op” - fopop
Z
op" + 032 - Zf%AoB

If the farm operator chooses q* to be
the proportion of crop A to be grown,
he would be following the most con-
servative alternative available.

However the problem arises
that was discussed with respect to
the standard deviation above: what
about the level of income? It is
entirely possible that the point where
the variance and standard deviation
are minimized may involve a very small
or even negative profit.

Because equation (3) above does
not allow for the evaluation of the
level of income, it is well to look at
the coefficient of variation, also
referred to as the coefficient of net
income variation by Johnson and Tefer-
tiller (5). The value for q, denoted
as q**, which will result in the mini-
mum relative net income variation for
any farm size is given by the equation:

2
0,"I, - Po,oxl
(5) q** = 2 AD0D

2 g

vhere I, and I are the average income
expecteﬁ per acre for A and B respec-
tively. It also follows then that

the total income (IT) from an acre is:

(6) Iy = qI, + (1-q) I,

Effects of Diversification

By plotting the estimate of the
standard deviation along the horizon-
tal axis and the average expected
income on the vertical axis of a
graph, the advantages or disadvan-



tages of diversification become
clearer,

Consider Figure 1. This illus-
trates the power of diversification
in reducing variability in income per
acre., As some land is moved into the
production of B and away from A, in-
come is increased and risk is re-
duced until 50% of the available land
is devoted to each crop. Thus it
would be irrational for a producer
to devote more than 507 of his land
to growing A. Just how much land in
excess of 507 should be used to
produce crop B depends upon the
operator's willingness to accept risk
to gain more income,

It 18 possible that there may
be additional costs associated with
diversification. Economies of scale
may be lost, additional machinery
may be needed, or specialized labor
may be required. This may reduce
expected profits below those for
either crop alone (Figure 2). Diver-
sification under such conditions would
be most likely for the smaller opera-
tors. But for a person who may be
forced out of business by one adverse
year, a lower but more secure level of
income may be desirable.

Another possible outcome is
illustrated in Figure 3. As activity
B is added to A, both income and
variability per acre are reduced until
all of B is produced. Under such
circumstances the operator would select
the combination of A and B on the
basis of his willingness to sacrifice
income for stability.

A fourth possible outcome is
that adding a second crop will result
in both higher risk and reduced in-
come, as shown in Figure 4. Under
such circumstances, diversification
would not be rational,

RESULTS

Returns to management for the
years studied are presented in Table

Income

per acre 100%Z B

50% B 100% A

0 Standard deviation (risk)

Pig. 1. Combining two high-risk crops
may stabilize income somewhere between
expected profits for either alone.

Income
per acre

100%2 B

100Z A
507 A

50% B

0 Standard deviation (risk)

Fig. 2. Combining two crops may reduce
both profits and variability expected
from either alone,

Income
per acre

1007 A

Standard deviation (risk)

Fig. 3. Combining a high-risk and a
low-risk crop is a matter of balance
between income and stability,



Income 100% A
per acre

507 A
50% B

100% B

OStandard deviation (risk)
Fig. 4. Adding a low-income, high-
risk crop to one already high-income,
low-risk is not ratiomal.

2. If the crops are ranked in order
of increasing profitability, they are
also ranked in order of increasing
standard deviation. This means that
the higher the expected profit, the
greater the variation in income and
expected cash flow. For example, soy-
beans, the most profitable crop, has

a standard deviation of almost 9;
while oats, the least profitable crop,
has a standard deviation of 5.7, Thus
one can more closely predict the re-
turns from oats than from soybeans.

We also can readily see the
relative profitability of each indi-
vidual crop. Soybeans were the most
profitable with an average income of
$10,54, But soybeans also had the
highest standard deviation of 8.979.
Despite the high standard deviation
soybeans had only one year in the 9
with a net loss to management., This
is reflected in the low coefficient

of variation of .852., Therefore, you
can expect that 682 of the time the
income from soybeans will be between
$19.52 and $1.56 (or an 85.2% fluctua-
tion in either direction from the
average) .

Alfalfa was the next most pro-
fitable crop with an average income of
$6.33 per acre. The variance for
alfalfa hay was 7.86 and the coeffi-
cient of variation 1,242, Consequently,
682 of the time the income from alfalfa
can be expected to be between $14,.19
and -$1,53 (or a 124.2% fluctuation in
either direction from the average).

Due to the higher coefficient of vari-
ation a negative return is expected to
occur more often than with soybeans,
as is the case, In 2 of the 9 years
in the sample, the return to alfalfa
was negative,

Oats had the lowest profitability
record with no profit shown in any of
the years studied, The average loss
was $16.53 per acre. Because the
average net income is negative and the
coefficient of standard deviation is
small (0,345) there is less than one
chance in 500 that oats will produce
a profit, assuming that these years
used in the study are representative
of the future,

Grain sorghum, or milo, like oats
had an average return to management
which was negative but not as severe
as oats, The average income from milo
was a loss of $4,26 per acre., The

Table 2. Returns to management from various crops, years 1964 - 1971
and 1975 in east-southeastern South Dakota counties.

1967 1963 1969 1970 1971 1975

Crop 1964 1965 1966
Soybeans 10,60 4,69 18.25
Alfalfa 3.27 11,14 8.49
Corn - 1,68 10,85 12,64

Grain Sorghum 2.38 3.17 4,89

Oats -18,04 - 9,99 -13.51

2,23 - 2,99 9,06 9.55 16.92 26,52
1.26 - 0,94 12,24 0.59 - 1.32 22,21
- 0.94 0.07 10,68 = 5,09 = 3,42 - 2,59
- 8,00 -10.38 - 6,98 - 3,27 ~-11.35 - 3.76




expected range in which 682 of all
returns from milo would fall is $2.00
to -$10.52, A loss was incurred in
7 of the 9 years of the time series.

The popularity of a crop seems
to be highly independent of either
profitability or variability. Corn
was the most popular crop in terms of
acres planted but was neither the most
profitable, nor did it have a low
standard deviation, although it did
have the smallest standard deviation
of those crops with a positive ex-
pected return to management., On the
other hand, corn had the greatest
variability relative to its expected
income, as indicated by its coeffi-
cient of variation of 3.0,

Oats, despite being the least
profitable crop, was second in popu-
larity., It did have the smallest
standard deviation of all crops listed,
as well as the smallest coefficient of
variation. However the latter is
negative, indicating a negative ex-
pected return from oats.

Third in popularity was soybeans,
vhich was the most profitable crop but
which had the greatest standard devia-
tion. Because the profitability was
high relative to the standard deviation,
soybeans had the lowest positive coef-
ficient of variation of all crops.

Although alfalfa ranked second
in profitability, it was only fourth
in popularity. The standard deviation

Standard Coefficient
Mean Variance Deviation of Variation
10.54 80.628 8.979 0.852
6.33 61,787 7.860 1.242
2,28 49,099 7.007 3.073
- 4,26 39.169 6.259 -1.471
-16.,53 32.584 5.708 -0.345

of alfalfa was second high, while the
coefficient of variation was next to
the smallest of those crops with a
positive expected net return,

Of the crops reviewed, milo was
the least popular. Its average net
return over the time period was nega-
tive, so you would expect it to be
relatively unpopular. Like oats,
milo's coefficient of variation was
negative although somewhat larger in
absolute value, Thus there is no
discernible pattern or relationship
between popularity of a crop and its
profitability or any measurement of
its variability.

The correlation coefficients of
returns to management among the five
crops are presented in Table 3., The
maximum value that these numbers can
take is 1.00000 which means that
there is perfect correlation. That
ig, 1if the correlation coefficient
between two crops were 1, then when
the profit of one is up, the profit
for the other is up. Conversely, if
one falls in profitability, so will
the other.

At the other extreme is a cor-
relation coefficient of the value of
-1.00000., A coefficient of -1 is the
most desirable when trying to achieve
stability by use of diversification
because it would mean that when the
profit of one crop is down the profit
of the other is up by a corresponding
amount. If the coefficient were zero,
there would be no relationship between
the profit of the two crops under
consideration,

Oats and alfalfa are the most
closely correlated, with a coefficient
of more than 0,6, This indicates that
the profits of these two crops tend to
move in the same direction from one
year to the next. Soybeans and milo
are the two crops most independent of
each other, having a correlation
coefficient of only 0.,06064, Thus the
profits of these two crops have very
little relationship with each other.

The coefficient of -0.65880
between corn and soybeans is the most




Table 3. Correlation coefficients of the returns to management
between any two of the five crops investigated.
Alfalfa Com Milo Oats Soybeans
Alfalfa 1.00000 0.37747 0.15159 0.60867 0.58570
Corn 1.00000 0.541306 0.2996Y -0,65880
Milo 1.00000 0.21649 0.06064
Oats 1.00000 0,.38854
Soybeans 1.00000

desirable number found in Table 3
because the negative sign indicates
that when the profit of one crop is
down the profit of the other is up.
Thus these two crops, grown in the
same year, offer the greatest poten-
tial for reducing fluctuations in
returns to managemente.

Variability Per Acre

Corn and Other Crops

Figure 5 shows graphically the
effects of diversification on income
and returns per acre as different
crops are grown in conjunction with
com. In each case income and the
standard deviation were calculated for
q=10, .75, .50, .25, 0.0 and q¥*,
where q is the proportion of land
allocated to producing corn, and q* is
the value for q which will minimize
the variability of income. In all
cases, the power of diversification in
reducing variability of income per
acre can be seen. Most noticeable is
the effect of adding soybeans to corn
production, 4

By growing 100Z corn the operator

would have an expected income of $2,.28
per acre with a standard deviation of
7.007, 1If he were to allocate one

fourth of his existing land to soybeans,
his expected income would rise to $4.34

10

“Fbr specific values of income
at the various values of q see tables
in Appendix A,

per acre and the standard deviation
would decrease to 4.4770, obviously an
improvement in both levels of income
and reduction in risk., Income would
continue to rise and risk decrease
until 612 of the land is allocated to
corn and 39% to soybeans.

As more of the land is allocated
to soybeans beyond this point, the
operator is forced to sacrifice secu-
rity in order to gain additional in-
come, When the land is allocated 50-50
between corn and soybeans, expected
income is $6.41 per acre with a stan-
dard deviation of 4.,4099. With 100% of
the land in soybean production the
expected income is $10.54 and the
standard deviation 8.9793.

Thus i{f the farm operator were
to produce these two crops it would
not be rational to allocate more than
612 of the land to corn because it is
possible to increase expected income
and reduce risk by growing more soy-
beans. The expected incomes and asso-
ciated standard deviations for corn
grown in combination with other crops
are presented in Table 4.

Notice also in Table 4 the
effects of adding milo or oats to corn
as a way of diversification. Both of
these crops reduce the variability but
with a sacrifice of income, A combi-
nation of 36%Z cormn and 64Z oats will
achieve the lowest possible standard
deviation with corn but with an ex~-
pected loss of $9.82 per acre:
Obviously one is not interested in



certainty if it is certainty of an could be used to reduce variability

economic loss. even more but at a tremendous cost in
forgone profit, with an expected in-
come of less than 50 cents per acre

Soybeans and Other Crops when variability is minimized. Oats
would result in an even greater loss
Figure 6 illustrates the effects in income and less reduction in varia-
of crops other than corn on income bility.

and its variability as they are added
to a soybean operation. A soybean-

alfalfa operation would minimize Milo, Oats and Alfalfa
variability per acre when 34X of the
land is allocated to soybeans and 662 There is no way that milo or oats
to alfalfa, This would involve a can be combined with alfalfa go as to
$2,77 sacrifice in income per acre minimize the standard deviation without
vwhen compared to 100% soybeans, Milo reducing expected income to an expected
100% SOYBEANS
75% S, 25% C ;
10— 0% S, 50% C ;
0% Sy 5 / 100% ALFALFA
qQ* 39% S, 61% C /
\ —75% A, 25% C
5~ 25% s, 75% C
o 7 50% A, 50% C
2 q* 41% A, 59% C
5 75% C, 253 M 254 A, 75% C
9 A N \—— 100% CORN
o 0 -
=} —
50% C, 50% M — N\ / c, 25% 0
% <{/— 75% 5% ,
80 * 38% C, 624 v“/ 5% C, 75% M
52 q ' g _————100% MILG
=51
3 50% C, 50% 0 N
E
* 364 C, 64% 0 —
5 q* 36% % 0 —
9 ~-101—
& 25% C, 0
5% 75% —
-15 /——10075 OATS
A 1 | | | 1 | |
0% 3 4 5 6 7 8 9 Dollars
Standard Deviation of Returns Per Acre
Figure 5.

Income variability as measured by the standard deviation and the return to management
per acre for various combinations of soybeans, alfalfa, milo and oats, with corn.

11



Table 4. Profit per acre for corn, soybeans, alfalfa, oats, and milo and
expected profit when diversified to minimize the standard deviation.
Crop | 1964 | 1965 | 1966 | 1967 | 1963 | 1969 | 1970 | 1971 | 1975
q

Corn 1,00}- 1,68] 10.,85| 12,64/- 0.,94]{ 0,071 1:0,63|- 5.09 3.42]{- 2,59
Soybeans 1,00 10,60] 4,69 18.25| 2.,23|- 2.99 9.06] 9.55| 16.92} 26,52
Alfalfa 1.00 3,27} 11.14) 8,49 1.26|- 0.94}] 12,24} 0.,59|- 1.32] 22,21
Oats 1.00({-18,04 [~ 9.,99(-13,51] -12,25|~22,63|-20.36|-25.51|-17,40|- 9,12
Milo 1.00| 2,38| 3.17] 4.89|~ 8,00(-10,38}- 6,98|- 3.,27|-11,35|- 8.76
Corn-Soybeans 261 3.11| 8.45| 14,33 0.30|- 1.12| 10.05| 0,62 8.09 8.76
Corn-Alfalfa 59| 0.,35] 10,79 10.94]|- 0,04]|- 0,34| 11.32|- 4,85 1.48 7.58
Soyheans-Alfalfa| .34 5.74| 8.95]| 11,81 1.59(- 0.95| 11.16 3.64) 4.,38] 23.68
Soybeans-Milo «32] 5.01 3.66 9.17|- 4.73|- 8,02|- 1,85} 0.83|- 2,30} 2,53
Corn~-(ats e36|=12,15 = 2,49 |- 4,10|= 7,50|=-14,46|- 9,19 |-11,02 |- 9,90}~ 6.77

Note: Other combinations using oats or milo were not included because they resulted in
consistent losses and therefore were considered superfluous.

q denotes the proportion of land in the first crop listed of each combination.

loss. This is illustrated in Figure 7.

The least desirable value for q* would

be a combination of 13% alfalfa and 87% $26.52 in 1975 and a low of $2.99 in

oats, which would result in an expected 1968, Diversification narrows the

loss of approximately $12,00 per acre. range in which the expected income
will fall,

beans, the average income per acre
would have been $10,54, with a high of

Time Series Revisited However, minimizing the variation
of income is not the only criterion.
Consider a combination of 56% oats and
442 milo., The standard deviation
would be reduced to 4,649, which would
make it the most predictable income

of all possible combinations, but at
an expected loss of $11.41 per acre.
Furthermore, there is less than seven
tenths of one percent chance of even
breaking even, This means less than
one year in 100 would produce a profit
of zero or greater. Because of this
low profitability of oats and grain
sorghum, several combinations of oats
and milo with other crops were not
included in Table 4.

Table 4 shows the effects of
diversification on income per acre by
year for the time series had the crops
been grown in such proportions so as
to minimize the variation in income per
acre, Notice especially the effects
of growing corm and soybeans in a 61-39
ratio as compared to growing only one
of the two crops. If all corn had
been grown, the average income per acre
would have been $2,28 over the 9-year
period, with a high profit of $12,64 in
1966, and a loss of $5.09 in 1970. 1In
4 of the 9 years, a loss would have
been incurred. If 61Z of the land had
been allocated to corn and 39Z to soy-
beans, the average income would have
been $5.47, with a high of $14.83 in
1966, The orly year with a loss would
have been 1968, with a loss of $1.12

Coefficient of Variation

per acre, On the other hand, if all
the land had been allocated to soy-
12

As becomes evident, seeking only
to minimize the variability in income



per acre could lead a farmer to choose
a combination of crops which would

Standard insure a net loss every year. Using
the coefficient of net income varia-
Hi L vi
Average g ow_| Deviation tion is a technique to cope with this
problem., The coefficient of net
income variation is the standard
2,28 12,64~ 5,09 7.007 deviation divided by the average net
10,54 | 26.,52|- 2,99 8.979 income., This calculation gives an
6.33 | 22,21}~ 1.32| 7,860 expression of the variability per
- 4,89 4,89|-11,35] 6.259 negative, the expected income is
negative, indicating an expected
5.47 14,83|- 1,12 5,344 economic loss. Looking at the problem
3.93 | 11.32|- 4,85 6.127 of income stability in this light gives
7.77 | 23.68|- 0.95 7.402 a picture quite different from mini-
0.48 5.01] 8.02f 5.277
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Figure 6,

Income variability as measured by the standard deviation and the return to management
per acre for various combinations of soybeans, alfalfa, milo and oats.
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mizing the standard deviation. For
example, compare Figure 8 with Figure
S,

Soybeans has the lowest varia-
bility relative to income of all the
crops studied, and this is reflected
by its relatively low coefficient of
income variability of 0.852, This
does not mean that the relative
variability of income for a soybean
grower cannot be reduced, By adding
either corn or alfalfa to the farming
operation, the variability of income
relative to the level of income can
be reduced despite the fact that
both corn and alfalfa have a lower
income and higher coefficient of in-
come variability., However this in-
crease in stability can be achieved
only with a sacrifice in income.

Corn - Soybeans

As 18 illustrated in Figure 8,
if an operator growing only soybeans
were to allocate some of his land to
corn he could reduce the variability
per dollar of net income. This reduc-
tion in the coefficient of net income
variability could occur until 30%Z of
the land was allocated to corn and
702 to soybeans. At this point, ex-
pected income would have fallen from
$10,.54 per acre to $8.10 per acre.
However, the variability per $1.00 of
income would also have decreased from
85.22 cents to 80.59 cents.

To allocate more than 30% of the
land to corn will result not only in a
decrease in income but an increase in
variability per dollar of income, Of

S10 1—
100% ALFALFA
o 5.
s 75% A
< 25% M o
1 9]
) 50% A 75% A
. 50% M y L 25% 0
4 0 /
g 37% A A
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— | ] 1 1 | | 1
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Standard Deviation of Returns Per Acre
Figure 7. Income variability as measured by the standard deviation and the return to

management per acre for various combinations of alfalfa, milo, and corn.
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course, looking at this from the point
of view of an operator engaged primarily

in corn production, both income and
security can be increased by adding
soybeans to the operation until 70%
of the land is allocated to soybean
production, Thereafter, additional
income will come only with relatively
greater risk,

Corn - Alfalfa

Adding corn to a 100X alfalfa
program would do little in a practical
sense to reduce the coefficient of net
income variability. The coefficient
of net income variability is minimized
when only 3% of the land is allocated
to corn, while expected income is re-
duced from $6.33 per acre to $6,21 and
the coefficient of net income varia-

bility from $1.2424 to $1.2419 per
dollar of income. Thus, for all
practical purposes, it appears that
adding corn to the operation only re-
duces net income. As corn is grown

on more than 3% of the land, expected
income decreases while the coefficient
of net income variation increases
rapidly, as can be seen in Figure 8.

Alfalfa - Soybeans

By allocating 842 of cropland
to soybeans and 16% to alfalfa, the
coefficient of net income variation
can be reduced to 0.8458 with an ex-
pected income of $9,.86. This is an
improvement over 100X alfalfa, raising
expected income by $3.53 per acre and
reducing the variability per dollar of
income from $1.2424 to $0.8458., The
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Figure 8. Income variability as measured by the coefficient of net income variation

for various combinations of soybeans, alfalfa and corn. 15



advantage to diversification from a
100Z soybean operation is far less.
As the coefficient of net income
variation is reduced from .8522 to
8458, expected income falls from
$10.54 to $9.86.

Table 5 shows the expected in-
come of the various cropping systems
and the probability of loss., For
example, soybeans with their expected
income of $10,54 per acre can expect
a loss once every 8,33 years as com
pared to corn which can expect a loss
once every 2,70 yaars, Oats, on the
other hand, with an expected annual
loss of $16.53 can expect to produce

a loss nearly 536 years to every year

of profit, Growing milo and oats in a
44~-56 ratio, vhich will minimize varia-
bility per acre, results in a guaranteed
loss; that is the probability of
producing a profit so small that it
cannot be measured.,

Other Crops

The crops of grain sorghum and
oats will not be discussed with respect
to net income variability for two rea-
sons., First, both of these crops have
an expected return which is negative;
that is, you would expect to lose

Table 5, Expected income and probability of loss
using different cropping techniques.
Crop Expected Probability
Ratios Incomes of Loss
Single Crops
Soybeans 100-0 10,54 1:8.3
Alfalfa 100-0 6.33 1:4.7
Corn 100-0 2,28 1:2.7
Mlo 100-0 - 4,26 4:1
Oats 100-0 -16.53 536:1
Minimizing Varisbility per Acre (q*)
Com-Soybeans 61-39 5.47 1:6.5
Soybeans-Alfalfa 34-66 71.77 1:6.7
Soybeans-Oats 17-83 -11.86 63.4:1
Soybeans-Milo 32-68 0.43 1:2,1
Corn-Alfalfa 59-41 3.93 1:3.8
Alfalfa-Oats 13-87 -13.50 119:1
Alfalfa-Milo 37-63 - 0,36 2,12:1
Corn-Milo 38-62 - 1,78 2,6:1
Corn-Oats 36-64 - 9,82 28.5:1
Oats-Milo 56=44 -11.11 Beyond
Measure
Minimizing the Coefficient of Net
Income Variation (q**)
Corn-Soybeans 30-70 8.05 1:9.3
Soybeans-Alfalfa 84-16 9,86 1:8.4
Corn-Alfalfa 3~97 6.19 1:4,8
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money growing these crops. Second is
that, as these crops are included in
a cropping program with the more pro-
fitable crops, the coefficient of net
income variation increases rapidly as
the expected income approaches zero.
Thus, the coefficient of net income
variation is minimized when 100Z of
the land is allocated to the profitable
crop, For the interested reader, the
effects of diversification with these
crops is included in Appendix A,

WHICH ANALYSIS TO USE?

The above discussion of the two
methods for minimizing income varia-
bility may have left you confused
about which method to use. The "cor-
rect" one depends upon the situation
in which the farm operator finds
himelfo

Minimizing Variability Per Acre

The reasons for minimizing the
standard deviation of income per acre
are different from seeking to minimize
the coefficient of net income varia-
tion, The first is appropriate for
the operator who has adequate profit
per acre but is a risk averter or who
is in a tight liquidity situation.

Those operators who are most
likely in an undesirable liquidity
position are new operators or those
who for some reason have incurred a
great deal of debt so they have a
substantial fixed cash outflow rela-
tive to their expected cash inflow.
Thus these operators could be forced
out of business relatively easily due
to a poor crop or low prices despite
a relatively profitable operation over
a period of several years. Conse-
quently they may be willing to sacri-
fice some profitability in order to
insure remaining in business until the
liquidity situation can be improved.

Minimizing the ggefﬁcient
of Net Income Variation

The operators who would be con-
cerned with minimizing the coefficient
of net income variation rather than
the standard deviation of income per
acre would be those who are not
troubled by low liquidity. In most
cases, a lower coefficient of net
income variation is due to higher
expected net income rather than a
lower standard deviation. This means
that a combination of two crops which
minimizes net income variation will
likely have a higher expected net
income and higher variability per
acre than a combination which mini-

mizes variability per acre, as in
Table 6.

The corn and soybean combination
in Table 6 readily reveals that if an
operator had minimized the varia-
bility per acre during the time period
the average income would have been
$5.47 per acre with a range of $14,.83
profit to $1.12 loss, Minimizing the
coefficient of net income variation
would give an average income of $8.06
per acre and a range of $17.79 profit
to $2.07 loss. In either case 1968
was the only year with a loss,

In the corn-alfalfa operation,
it is apparent that electing to
minimize the coefficient of net income
variation would be the preferred ac-
tion. First, it raises the average
income by more than one-~third -- from
$3.93 per acre to $6.21. An increase
in the range accompanies the increase .
in average income. Using q*, the
highest income was $11,32 and the
lowest was a loss of $4.85., ‘Minimizing
the coefficient of net income varia-
tion changed the range to a high of
$21,47 with a low of $1,18 loss.
Another point that is illustrated here
is that the number of years in which
a loss occurred is reduced from 3 to
2, With a longer time series, there
likely would be fewer years with an
economic loss in the corn-soybean and
soybean~alfal fa examples also.

The soybean-alfalfa combinations
show basically the same phenomenon as
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Table 6. Calculated income by year when using q* (minimizing the standard
deviation per acre) and q** (minimizing the coefficient of net income
variability) for corn, soybeans, and alfalfa.

Proportion
of land in

YEAR

1st crop 1964 1965 1966 1967 1968 1969 1970 1971 1975

Com~-Soybeans q* .61
Corn-Soybeans q** .30
Corn-Alfalfa q* «59
Corn-Alfalfa q** .03
Soybeans-Alfalfa q* o34

Soybeans-Alfalfa q** .84

.62 8.69 8.76

6.92 6.54 16,57 1,28 =2,07 9.55 5.16 12.87 17.79
0.35 10,97 10,94 -0,04 0,34 11,32 -4.85 1.43 7.58
3.12 11,13 8.61 1.19 -0.91 12.19 0.42 -1.18 21,47
5.74 8,95 11.81 1,59 -0.95 11,16 3.64 4,88 23,68

9.43 5,72 16,69 2.07 -2.66 9.57 8.12 14,00 25.83

do the corn-soybean and corn-alfalfa
examples. Again, both the average
income and the range or variability
per acre are greater by minimizing the
coefficient of net income variation;
that is, choosing q** over q*, Also,
as was the case with corn-sgsoybeans,
the year of greatest loss was made
worse. This was not the case with
alfalfa-corn, although it could be
expected.

Consequently, a farmer who seeks
to minimize the coefficient of net
income variability needs a larger
liquid reserve to insure continuation
of operation. lowever the operator
who i8 troubled with low profits,
even if accompanied by low liquidity,
may find minimizing the coefficient of
net income variation the preferred
action if it raises his expected in-
come, This is especially true if the
lower income obtained with minimizing
variability per acre is not sufficient
to keep the operation continuous,

The farmer operator who has
satisfactory liquidity and can assume
more risk may wish to move from the
point where the coefficient of net
income variation is minimized toward
the crop which will increase expected
income. How much additional risk he
will be willing to undertake for an
additional dollar of income will

18

depend upon his security-income pre-
ference.

APPLICATIONS OF FINDINGS

Although this study can be used
to help determine crop rotation with-
out considering market or technological
conditions, this practice is not recom-
mended.

The expected profit from each
crop should be estimated before crops
are planted., After anticipated profits
have been calculated and preliminary
planning of crops done, then the plans
should be reviewed in the light of the
historical record of profitability and
variability of the proposed crops. If
the proposed crop plan differs signi-
ficantly from what historically has
been the "best' rotation, a more care-
ful study of your plan may be in order.
The following questions may help in
evaluating.

Are the anticipated market pro-
jections significantly different from
past market conditions? Are the
anticipated yields significantly dif-
ferent or more certain than those of
the past? (For example, if you are
switching from dryland to irrigated



Coefficient
Standard of

Ave, liigh Low Deviation Variation

5.47 14,83 -1,12 5,3440 0.,9778
8,06 17,79 -2.07 6,4843 0.8059
3,93 11.32 -4,85 6.,1267 1.5578
6.21 21,47 -1.18 7.6050 1.2419
7,77 23.68 -0.95 7.4019 0.9529
9.87 25,83 -2,66 8.3396 0.8458

farming, crop yields may change signi-
ficmtly.)

If your answers to either of
these questions is "yes," then devia-
tions from the historically desirable
crop combinations may be fully
warranted. If anticipated market
conditions or yields do not differ
much from the 1964-1975 period, then
a review of projected profits may be
in order.

LIMITATIONS OF THE STUDY

The results of the study as
presented in this report can be used
only as a guide to selecting a combi-
nation of crops to reduce risk and/or
increase net income. For an individual,
the relative profitability of the
various crops may differ from county
averages due to managerial ability,
topography, and soil conditions.
Results cannot be taken from the re-
port and used without an analysis of
your particular farm's operation.
However, because of the amount of the
various crops raised and the difference
in risk and income, the study does
indicate that a number of farm opera-
tors need to reconsider their cropping
practices,

The second limitation of the
study is the short time period used.
Generally speaking, the greater the
number of observations, in this case
the longer the time period, the better,
Howevar, a longer time period has two
serious drawbacks., The first involves
the techniques of collecting and re-
porting data, which change periodically,
making the construction of reliable
and consistent budgets fo; a longer
period almost impossible.

Another drawback to using a
longer time period is that the inputs
used by farmers are reported on a
statewide basis rather than by
counties. This lack of detail in
reporting makes it impossible to
construct reliable budgets for
earlier years in which the level of
technology was different. More de-
tailed reporting of inputs and their
prices could increase the accuracy of
a study such as this one,° Variation
in farming practices by counties can-
not be accomodated in the study.

The third limitation is that the
study is limited to looking at only
two crops at a time, If more than two
crops are investigated simultaneously
the mathematics become considerably
more complicated and the results
difficult to present, However the
technique used does give added insight
to the problem of income variability
and can be used as a guide to selec-
tion of profitable crops and their
proportions.

S¥or example, the prices paid
for herbicides and insecticides were
not reported prior to 1965, The
price paid for diesel fuel was not
reported until 1973, when fuel was
reclassified from a motor wvehicle
cost to a cost of energy.

6It should be noted that the
state of South Dakota has stopped
reporting the production of crops by
counties and the prices received by
farmers as well as inputs used and
prices paid on a statewide basis.




SUMMARY AND CONCLUSIONS

Crop diversification can be used
in the east-southeastern counties to
reduce income variability in dryland
farming, Minimizing the standard
deviation per acre is the most con-
servative approach a farm operator
can take. While this approach maxi-
mizes the certainty of income per
acre, it usually results in a lower
income than do less conservative
practices. For the operator with
severe liquidity problems, this may
be the appropriate policy.

Minimizing the coefficient of
net income variability is less conser-
vative, resulting in a higher expected
income. Although the variability per
dollar of income is miminized, the
total variability per acre of land
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APPEUNUDIX

Table A-1. Income, variance, standard deviation, and coefficient of variation
for corn and soybeans.

Standard Coefficient

Crop Ratio % Com Income Variance Deviation of Variation

Corn: Soybeans
Q* 61.0 5.47 28,5585 5.3440 0.9778
Q** 30.0 8.05 42,0459 6.4843 0,.8059
0-100 0.0 10,54 80.6277 8.9793 0.8522
25=75 25,00 8.47 46,8673 6.8460 0.8080
50-50 50,00 6.41 30.3591 5.5099 0.8598
75=25 75.00 4,34 31,1030 5.5770 1.2838
100-0 100.00 2,38 49,0990 7.0071 3.0733

Table A-2. Income, variance, standard deviation, and coefficient of variation
for corn and alfalfa.

Standard Coefficient

Crop Ratio 7% Comm Income Variance Deviation of Variation
Corn: Alfalfa

Q* 59.0 3.93 37.5361 6.1267 1.5578

Q¥* 3.0 6.19 59,0593 7.6850 1.2419

0-100 0.0 6.33 61,7869 7.8605 1.2424

25=75 25,00 5.31 45,6203 6.7543 1.2708

50-50 50,00 4,30 18.1169 6.1739 1.4347

75=25 75.00 3.29 39.2764 6.2671 1.9039

100-0 100.00 2,28 49.0990 7.0071 3.0733




Table A-3. Income, variance, standard deviation, and coefficient of variation
for corn and oats.

Standard Coefficient
Crop Ratio % Comm Income Variance Deviation of Variation
Corn: Oats
Q* 36.0 -9.382 25,2328 5.0232 -0.,5116
Q¥ 100.00 2,28 49,0990 7.0071 3.0733
0-100 0.0 -16.53 32,5843 5.7083 =0, 3452
25=75 25,00 -11,83 25,8925 5.08385 -0.4301
50-50 50.00 -7.13 26,4143 5.1395 -0.7211
75=25 75.00 -2.42 34,1498 5.8438 -2.4112
100-0 100,00 2,28 49,0990 7.0071 3.0733

Table A-4. Income, variance, standard deviation, and coefficient of variation
for corn and milo.

Standard Coefficient

Crop Ratio % Corn Income Variance Deviation of Variation
Corn: Milo

Q* 38.0 -1.78 33,3331 5.7735 -3.2375

Q¥** 100,00 2,28 49,0990 7.0071 3.0733

0-100 0.0 -4.26 39.1694 6.2585 -1.4707

25=75 25,00 -2.,62 34,0042 5.3313 -2,2243

50-50 50.00 -0.99 33.9375 5.3256 -5.8977

75=25 75,00 0.65 33.9690 6.2425 9.66017

100-0 100,00 2,28 49.0990 7.0071 3.0733




Table A-5. Income, variance, standard deviation, and coefficient of wvariation
for soybeans and alfalfa.

A Standard Coefficient
Crop Ratio Soybeans Income Variance Deviation of Variation
Soybeans: Alfalfa
Q* 34,0 7.77 54,7873 7.4019 0.9529
()% 84,00 9.86 69.5487 8.3396 0.8458
0=100 0.0 6.33 61,7869 7.8605 1.2424
25-75 25,00 7.38 55.2967 7.4362 1.0077
50=50 50,00 8.43 56,2734 7.5016 0.8897
75=25 75.00 9.48 64,7171 8.0447 0.8482
100-0 100,00 10.54 80.6277 8.9793 0.8522

Table A-6. Income, variance, standard deviation, and coefficient of variation
for soybeans and oats.

A Standard Coefficient

Crop Ratio Soybeans Income Variance Deviation of Variation
Soybeans: Oats

Q* 17,0 -11,.36 30,3969 5.5133 -0,4648

Q#* 100,00 10,54 80.6277 8.9793 0.8522

0-100 0.0 -16,53 32,5843 5.7083 -0.3452

25-75 25.00 -9.77  30.8360 5.5530 -0.5686

50-50 50,00 -3.00 38,2605 6,.1855 -2.0626

75=25 75.00 3.77 54,8577 7.4066 1.9652

100-0 100,00 . 10,54 80,6277 8.9793 0,8522




Table A-7. Income, variance, standard deviation, and coefficient of variation
for soybeans and milo.

7% Standard Coefficient
Crop Ratio Soybeans Income Variance Deviation of Variation
Soybeans: Milo
Q* 32.0 0.43 27.8499 5.2773 12,3717
Q** 100.0 10.54 80,6277 8,9793 0.8522
0-100 0.0 -4,26 39.1694 6.2535 -1.4707
25-75 25,00 -0.56 28,3500 5.3245 -9.5506
50-50 50.00 3,14 31.6532 5.6261 1.7914
75=25 75.00 6.34 49,0791 7.0056 1.0244
100-0 100,00 10.54 80.6277 8.9793 0.8522

Table A-8. Income, variance, standard deviation, and coefficient of variation
for alfalfa and oats.

% Standard Coefficient

Crop Ratio Alfalfa Income Variance Deviation of Variation
Alfalfa: Oats

Q* 13.0 -13,50 31,8346 5.6466 -0,4182

Q¥ 100,00 6.33 61,7869 7.8605 1.2424

0-100 0.0 -16.53 32,5843 5.7083 -0, 3452

25=75 25,00 -10,82 32,4318 5.6949 -0,5264

50-50 50,00 -5.10 37.2481 6.1031 -1.1958

75=25 75.00 0.61 47,0331 6.8581 11.2172

100-0 100.00 6.33 61.7869 7.8605 1.2424




Table A-9. Income, variance, standard deviation, and coefficient of variation
for alfalfa and milo.

A Standard Coefficient
Crop Ratio Alfalfa Income Variance Deviation of Variation
Alfalfa: Milo
Q* 37.0 -0, 36 27,4814 5.2423 -14.7544
Qk* 100.0 6.33 61,7869 7.8605 1,2424
0-100 0.0 -4,26 39.1694 6.2585 -1.4707
25=175 25,00 -1.61 28,6909 5.3564 -3.3270
50-50 50.00 1.04 28.9677 5.3822 5.1974
75-25 75.00 3.68 39.9997 6.3245 1.7181
100-0 100.00 6.33 61,7869 7.8605 1.2424

Table A~10. Income, variance, standard deviation, and coefficient of variation
for oats and milo. .

Standard Coefficient

Crop Ratio %4 Oats Income Variance Deviation of Variation

Oats: Milo
Q* 56.0 -11,11 21,6130 4,6490 -0.4183
Q** 98.0 -16,32 31,7443 5.6342 -0,3452
0-100 0.0 ~4,26 39.1694 6.2585 -1.4707
25=75 25,00 -7.33 26,9697 5.1932 -0.7089
50-50 50,00 -10.39 21,8056 4.6696 -0.4492
75-25 75.00 -13,46 24,6771 4,8659 -0.3614

100-0 100,00 -16.53 32,5843 5.7083 -0. 3452




Table B-1. 1975 cost budgets for the five crops studied.

Corn Soybeans Alfalfa Milo Oats

Seed $ 6,78 $ 9.98 $ 4,03 $ 1,46 $ 6,98
Insecticide 4,50 1.75 3.25 3.50 1,00
Herbicide 3.20 4,70 -0- 3.90 1.20
Machine repair 3.55 3.35 8.15 3.30 2.65
Fuel, oll, grease 5.51 4,35 4,10 4,60 3.40
Overhead 3.00 3.00 3.00 3.00 3.00

Subtotal 26,54 27.13 22,53 19.76 18.14
Interest rate 8.8% 8.8% 8.8% 8.8% 8.8%
Interest cost 1.17 .99 .66 .87 .67
Drying cost 5.46 —-— —-— 5,08 =0
Labor 8,75 6.25 16,25 6,00 5.00

Total 41,92 34,37 39.44 31,71 23,81
Fertilizer 19,48 5.51 11,33 19,48 14,26
Interest .86 .20 75 « 86 52
Total v.c, 62.26 5.71 51.52 52.05 38.59
Machine depreciation 8.50 8.20 6.00 8.20 7.00
Machine interest 4,13 3.96 2,92 3.96 3.41
Total machine & v.c. 74.89 52,96 60,44 64,21 49,00
Land charge 48,00 48,00 48,00 48,00 48,00
Total cost of prod, $122,839 $100,96 $108, 44 5112,21 $97.00

Return to management (or profits) were calculated by subtracting total cost of
production from current market value of the crop produced in each year.
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