control very difficult), and harvesting
methods that precluded any loss of yield
due to raking and baling. Rather, this trial
was designed to look at large-scale effects
of very different management strategies
that could easily be adapted at the farm
production level. For this purpose, applied
water was measured within the limits of
available resources to estimate approxi-
mate amounts used by each strategy.

Water management affected yield
much more than quality under the condi-
tions of this trial. In general, hay quality
was not significantly affected by irrigation
treatments except when water stress be-
came severe and then quality declined.
The commercial practices of raking and
baling used for this study would have
masked minor differences in quality due
to water stress. However, better hay qual-
ity was detected for skip and termination
treatments in the first harvest following re-
irrigation (table 3). For example, crude
protein analyses of the July-August skip
treatment were 21.1% and 22.3% com-
pared to 19.5% and 19.7% for the standard
treatment in the October harvests of 1986
and 1987, respectively. The increase in
quality at these cuttings was due to ob-
served maturity differences. Once
drought-induced plots were rewatered,
initiation of plant growth was delayed
compared to the standard, resulting in less
mature, higher quality alfalfa at the time of
cutting.

Results from this trial indicate that al-
falfa planted in early fall can survive in-
duced first and second year midsummer
drought from irrigation cutoff and subse-
quently return to normal production
within two cuttings after rewatering. Fol-
lowing two years of imposed summer
drought, stressed treatments produced
yields equivalent to the standard treat-
ment in the third year of production dur-
ing which all treatments were irrigated
normally.

Results from this study could also be
useful in helping growers make manage-
ment decisions on how to utilize limited
water resources. Yield responses to differ-
ent management strategies, water costs,
and alfalfa hay prices must all be consid-
ered in order to determine which method
is most profitable.

C. A. Frate is Farm Advisor, Tulare County;
B. A. Roberts is Farm Advisor, Kings County,
and V. L. Marble is Specialist, Department of
Agronomy, UC Davis

The authors acknowledge the assistance of
John Peterson, Field Supervisor, Kearney Agri-
cultural Center; Joe Padilla, Field Technician,
Kings County; John Soares and Brett Allen,
Field Technicians, Tulare County; and the
Dairymen’s Creamery Cooperative Associa-
tion.

Jack Kelly Clark

Diversification: tomato- crop grows next to wheat fields.

New index measures returns
to risk in crop production

Steven C. Blank

Now crop producers have an index
that predicts returns from risk in
agriculture. Adapied from stock
portfolio strategies, the index is
one of the first to be applied io
farming. Crop diversification will
be described as a risk manage-
ment strategy and evaluated using
the index with data from three
sample counties.

Selecting which crops to produce is one of
the most important decisions faced by ag-
ricultural producers, yet many do not un-
derstand the risks associated with that de-
cision. Too often their analysis stops once
a market opportunity has been identified.
Besides the profit they anticipate, produc-
ers need to consider the relative risks asso-
ciated with each crop to accurately assess
market opportunities. The many agricul-
tural crops produced and marketed profit-
ably by California growers are by no
means equal in posing risks. For growers
to select crops that best suit their needs,
they must take account of these differ-
ences. Unfortunately, strategies that lower
risk usually reduce expected net returns.
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Growers should consider the risk/return
tradeoff when making cropping decisions.

This article provides information about
income risks associated with major Cali-
fornia crops and how to manage those
risks. We have also included an index that
decision makers can use to account for the
risk/return tradeoff when designing risk
management strategies.

First, income risk is described, followed
by a brief summary of risk measurements
for a sample of crops. Next, diversification
into a portfolio of crops is presented as a
risk management strategy. As illustrations,
we present data reflecting historical in-
come risk levels using measures of returns
to risk for crop portfolios in three counties.
Finally, some traditional crop rotations
from those counties are evaluated, using
portfolio methods as an example of how
the returns-to-risk index can facilitate
cropping decisions.

Income risks faced by crop
producers

“Risk” is usually defined as “volatility”
or “fluctuation.” Income risk faced by ag-
ricultural producers reflects the net effects

of risks associated with (1) production and
yield and (2) marketing and price.



Such risk can be measured by using the
coefficient of variation (CV). A CV is cal-
culated by dividing the standard deviation
(o) of a data series (i.e., crop yields for sev-
eral years) by its mean and multiplying by
100, thereby expressing the figure as a per-
centage. Calculation of both the standard
deviation (a measure of how widely data
vary around a mean) and the CV can be
performed using handheld calculators or
software spreadsheets.

For the purposes of this discussion, the
mean can be expressed either as X or as
E(Rj) for expected return from crop i. The
CV can therefore be notated two ways:
CV=0/X or CV =6/ER)

Production risk has many sources, both
from within and outside the firm, all of
which combine to create variation in
yields per acre across time. Yield risk may
be measured using the CV for average an-
nual yields (in tons per acre) by crop by
county.

Price risk is generated by market forces
from outside the producer’s firm. Here
price risk is measured by the CV of aver-
age annual prices per ton by crop by
county. To remove the influence of infla-
tion over time, the series is deflated using
the index of farm prices received (1986 =
100) from the Economic Report of the Presi-
dent, 1988.

Because income risk incorporates both
price and production risk, the CV of in-
come risk is used in the tables accompany-
ing this paper. This coefficient is calcu-
lated based on net income per acre, which
equals gross revenue (price times yield)
minus both fixed and variable costs, as re-
ported in Extension Service county crop
budgets. Mean and CV statistics are calcu-
lated for crops in three counties: Fresno,
Imperial, and Yolo. Net income is calcu-
lated by finding the historical mean of real
gross revenues per acre and subtracting
costs per acre, both in real 1986 dollars.

For each crop i, average net returns per
acre at time t is:

Ry = [(PY)-Clye [1]

where P is price, Y is yield, and C is per
acre cost for crop i at time t.

In addition to the CV, another income
risk measure — a return-to-risk (RtR) in-
dex — is calculated. This measure is the
reciprocal of a CV for either a crop or a
portfolio, adjusted by the return to a risk-
free crop, defined as what the land would
return in a cash lease, The RiR measure for
cropiis: .

RiR; = (E(Rp-Rf/0(R) [2]
where Réis the return to a risk-free invest-

ment and o(Rj) is the standard deviation
of historical returns for crop i. This mea-

TABLE 1. Net income mean, coefficient of variation (CV), leasing rate and return-to-risk index (RtR) for
crops grown profitably in Fresno County

Leasing
Crop Mean* cv Ratet RtR
$lac $iac

Alfalfa hay 61.21 232.6 150 -0.622
Alfalfa seed 46.81 408.0 150 -0.539
Apricots 1,041.11 109.1 593 0.394
Beans, dry 27.94 590.6 119 -0.552
Corn, field 50.78 191.1 95 -0.454
Cotton 258.24 1093 180 0.277
Grapes, raisin 209.01 265.8 500 -0.523
Grapes, table 1,341.51 491 980 0.549
Grapes, wine 439.67 127.2 458 -0.032
Lemons 1,507.14 55.5 700 0.964
Lettuce 860.44 94.6 150 0.872
Olives 60.53 1,147.0 508 -0.644
Onions, dry 1,934.83 58.3 710 1.087
Oranges 911.39 67.6 626 0.463
Peaches 1,680.71 37.4 950 1.162
Plums 2,500.21 39.7 1,195 1.316
Rice 187.35 102.4 172 0.078
Silage, corn 145.14 42.6 125 0.323
Strawberries 2,910.55 176.8 2,455 0.089
Sugar beets 228.49 98.9 134 0.416
Tomatoes, fresh 5,280.24 56.3 2,035 1.092

NOTE: All amounts are in real 1986 dollars. Crops listed here are the only ones which had positive mean re-
turns for the data period.

* Net income is defined in equation 1.

+The leasing rates used are from Cooperative Extension Service estimates.

TABLE 2. Net income mean, coefficient of variation (CV), leasing rate and return-to-risk index (RtR) for
crops grown profitably in Imperial County

Leasing
Crop Mean* cv Ratet RtR
/ac $iac

Alfalfa hay 88.32 147.2 125 -0.285
Alfalfa seed 91.23 87.4 125 -0.425
Asparagus 159.53 448 4 150 0.014
Barley 73.01 107.3 100 -0.346
Cantaloupes 718.42 77.4 150 1,022
Carrots 617.92 184.2 150 0.411
Cotton 354.88 132.3 125 0.489
Onions, dry 489.70 193.7 150 0.352
Oranges 565.91 1244 150 0.591
Sugar beets 818.74 187.5 125 0.452

NOTE: All amounts are in real 1986 dollars. Crops listed here are the only ones which had positive mean re-
turns for the data period.

* Net income is defined in equation 1.

T The leasing rates used are from Cooperative Extension Service estimates.

TABLE 3. Net income mean, coefficient of variation (CV), leasing rate and return-to-risk index (RtR) for
crops grown profitably in Yolo County

Leasing
Crop Mean* cVv Ratet RtR

$racre $/acre
Alfalfa hay 73.94 188.1 97 -0.164
Beans, dry 49.50 389.6 87 -0.192
Corn, field 147.25 91.9 105 0.311
Grain sorghum 39.65 406.0 62 -0.137
Pears 497.45 379.0 590 -0.049
Rice 201.34 109.8 176 0:113
Safflower 71.61 131.9 56 0.170
Sugar beets 234.52 112.5 130 0.398
Tomatoes, process 582.22 83.0 222 0.745
Wheat 111.33 49.0 68 0.782

Note: All amounts are in real 1986 dollars. Crops listed here are the only ones which had positive mean re-
turns for the data period.

* Net income is defined in equation 1.

+ The leasing rates used are from Cooperative Extension Service estimates.
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sure gives the reward for bearing risk (the
difference between the average return and
the risk-free return) per unit of such risk
— that is, the reward is divided by the
standard deviation of the net returns over
the period of analysis for a crop or portfo-
Lio. The lower the CV or higher the RiR,
the more “risk efficient” is an alternative.

Returns to risk for crops

Profit measures, rather than gross rev-
enue, should be used when evaluating in-
come risk. As samples, a net income series
in real 1986 dollars was calculated for
Fresno, Imperial, and Yolo Counties
(tables 1 through 3) using annual data
from 1958 to 1986. Note that the CVs and
RiR measures for these series give some-
what different indications of the levél of
risk. For example, one-third of the crops
listed for Fresno County (table 1) have
negative RiR values. This means that al-
though those crops had positive net re-
turns over the data period, on average, the
level of profits was not high enough, rela-
tive to the risk free return, to show a posi-
tive return to risk. This index is a much
clearer signal concerning the performance
of a crop as an investment than the am-
biguous CV. The RiR index has a built-in
decision criterion and, therefore, is-a supe-
rior decision tool.

Methods of reducing risk

These high levels of risk estimates for
individual crops imply a need for, and po-
tential gain from, reducing risk. There are
three general types of agricultural risk-re-
ducing strategies. The first, forward con-
tracting, is not always available to indi-
vidual growers and, when available, may
be very restrictive. For example, buyers of
forward contracts sometimes represent
such a thin market that sellers are forced
to accept weak offers or not contract at all.
Also, growers are unable to benefit from
potentially advantageous price move-

-ments occurring after a contract is signed.
The second strategy is hedging using fu-
tures and/or options contracts. Although
much less restrictive than forward con-
tracts, futures and options markets do not
exist for many California crops.

In contrast, the third risk reducing
strategy, diversification into a portfolio of
products, is available to most crop produc-
ers. Diversification does not restrict a
grower’s ability to negotiate prices or con-
tract, but increases opportunities to spread
cash flows across seasons, possibly reduc-
ing borrowing requirements.

Any restrictions on growers’ use of the
portfolio approach to crop selection relate
to their knowledge of production tech-
niques, scale economies of production,
and financial requirements. Obviously, a
successful portfolio would include only

TABLE 4. Returns and risk for crop portfolios from Fresno County

Mean Coefficient Return
Portfolio* return of variation to riskt

$lac
Tree and vine crops
1. Plums 2,500 39.7 1.931
2. Peaches 2,090 33.6 2.146
3. Lemons 1,896 31.5 2.198
4. Table grapes 1,758 32.2 2.076
5. Apricots 1,614 29.3 2.180
6. Oranges 1,497 28.2 2.165
7. Wine grapes 1,346 27.9 2.032
8. Raisin grapes 1,204 29.6 1.747
9. Olives 1,077 36 1.452
Field and horticulture crops
1. Fresh tomatoes 5,280 56.3 1.711
2. Strawberries 4,095 128.6 0.735
3. Onions, dry 3,376 84.5 1.115
4. Lettuce 2,747 79.6 1.167
5. Cotton 2,249 79.6 1.147
6. Sugar beets 1,912 78.9 1.138
7. Rice 1,665 78.9 1.119
8. Silage 1,475 78.3 1.108
9. Alfalfa hay 1,318 79.0 1.079
10. Corn, field 1,192 79.3 1.055
11. Alfalfa seed 1,087 80.4 1.021
12. Beans, dry 999 81.2 0.991

“The portfolioc number indicates how many crops are included. The crops included in each portfolio are those
listed from 1 down to that portfolio’s number. All crops included are equally weighted in each of these sample
portfolios. Any weighting scheme can be used, and each scheme will give different results. For example,
weighting peaches as 0.67 and plums 0.33 would change the results for tree porifolio 2 fo a mean return of
$1,951, a CV of 33%, and an RtR of 2,12

+The weighted average Ry rate for tree and vine crops is $583, for field and horticulture crops, $195.

TABLE 5. Returns and risk for crop portfolios from Imperial County

Mean Coefficient Return

Portfolio* return of variation to riskt
$lac

1. Sugar beets 819 187.5 0.449
2. Cantaloupes 769 98.7 0.843
3. Carrots 718 107.3 0.765
4. Oranges 680 94.0 0.862
5. Onions, dry 638 97.1 0.822
6. Cotton 591 96.6 0.809
7. Asparagus 529 104.8 0.722
8. Alfalfa seed 474 102.7 0.709
9. Alfalfa hay 432 102.1 0.687
10. Barley 396 101.2 0.666

* The portfolio number indicates how many crops are included. The crops included in each portfolio are those
listed from 1 down o that portfolio’s number. All crops included are equally weighted in each of these sample
portfolios. Any weighting scheme can be used.

+ The weighted average Rj rate is $128.

TABLE 6. Returns and risk for crop portfolios from Yolo County

Mean Coefficient Return
Portfolio* return of variation to riskt

$iac
1. Process tomatoes 582 83.0 0.961
2. Sugar beets 408 86.1 0.826
3. Rice 338 88.3 0.738
4, Corn, field 291 87.5 0.679
5. Wheat 255 81.7 0.658
6. Alfalfa hay 225 B6.4 0.550
7. Safflower 203 87.7 0.477
8. Beans, dry 184 96.0 0.374
9. Grain sorghum 168 103.4 0.288

*The portfolio number indicates how many crops are included. The crops included in each portfolio are those
listed from 1 down to that portfolio’s number. All crops included are equally weighted in each of these sample
portfolios. Any weighting scheme can be used.

+ The weighted average R rate is $118.
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crops that a grower is proficient in raising.
But costs may increase as diversification
limits the scale of production of any one
crop. And capital requirements may in-
crease as more crops are added, forcing a
grower to restrict the degree of diversifica-
tion to what can be financed. Of course
there are also agronomic limitations on the
crops that can enter a portfolio, depending
on the resources at the location—specifi-
cally, what crops can be grown efficiently
there and what crops must be grown to
maintain resource productivity. In sum-
mary, the portfolio method has fewer limi-
tations in its use than other methods of
risk reduction available to growers,
Standard portfolio theory states that
adding more crops to a production rota-

tion reduces risk. The expected return of a -

portfolio equals the sum of the expected
returns from the crops included in the
portfolio, weighted by the proportion of
land in the respective crops. The portfolio
risk could be measured as the sumi of all
variances and covarignces of crop returns
weighted by the proportions invested in
each crop. .

The primary goal of diversification is
risk reduction. However, absolute levels of
risk and return are positively related, so
diversification tends to reduce returns as
well as risk. Therefore, crops included in a
portfolio because of their low level of ab-
solute risk must also be evaluated for their
effects on relative risk and return levels of
the portfolio.

A diversified portfolio is assembled
with an eye to correlations among ex-
pected returns. Portfolio risk is reduced
most by including a product with perfect
negative;correlation with the portfolio’s -
returns. Therefore, one strategy for portfo-
lio creation is to start with the crop with
the highest expected return, and continue
to add crops with the greatest degree of
negative correlation, or the lowest degree
of positive correlation, with that crop and/
or with the portfolio.

Sample portfolios are derived and pre-
sented below to illustrate the relative lev-
els of risk and return facing producers in
selected counties. However, actual portfo-
lio selections made by investors will de-
pend upon their individual attitudes to-
ward risk and return.

Crop portfolio examples

Sample portfolios in this article are
based on marketing, not just production
considerations. That is, products are
added to the portfolio based on their rigk-
adjusted profitability per acre. This
method facilitates assessments of simulta-
neous production of any number of crops
on portions of total farm acreage, without
being bound by a particular farm size (as-
suming that economies of scale in produc-

TABLE 7. Returns and risk for some traditional crop rotations in selected counties

Net income
Crop rotations* Mean coefficient of variation Return to risk
$/ac
Fresno County
A-A-A-S5B 103 139 -0.643
A-A-A-C-5B 134 122 -0.373
A-A-A-C-C-SB 155 117 -0.221
Imperial County
A-A-A-C-C-C 222 126 0.332
A-A-A-C-C-B 175 121 0.217
A-A-A-C-C-SB 454 169 0.567
A-A-A-C-B-SB 252 120 0.407
Yolo County
A-A-A-SB-W-W 118 104 -0.043
A-A-A-T-SB-W 192 96 0.401
A-A-A-SB-T-SB 212 103 0.430

*Assumes equal proportions far each crop symbol in these sample rotations. Symbols are defined as: A = al-
falfa, B = barley, C.= cotton, SB = sugar beets, T = tomatoes, and W = wheat.

TAll returns are in real 1986 dollars. Means, coefficients of variation and return-to-risk ratios are calculated
using data from 1958-86. The average R rate for Fresno is $195; Imperial, $129; and Yolo, $118.

tion will not vary significantly over the
range of possible acreages allocated to any
crop in a portfolio). The list of crops for
any county can be divided into annuals
and perennial$ with separate portfolios for
each. Individual growers can choose one
type or combine the two.

Return/risk tradeoffs in crop portfolios
for three sample counties (tables 4 through
6) indicate that increased diversification
(1) reduces portfolio returns and (2) tends
to lower relative risk levels, but not in all
cases. For each county’s portfolio, average
returns decline as less profitable crops are
averaged in with the more profitable. Yet,
in some cases, adding crops to the portfo-
lio caused risk to be reduced more than re-
turns, generating a more risk-efficient
portfolio, as evidenced by a higher RiR in-
dex.

Note that the CV and RtR indexes rank
the portfolios differently. For example, in
table 4 the most efficient portfolio of tree
and vine crops is that including seven
products according to the CV and three
crops according to the RtR index. The
main difference between the indexes is
that the return to leasing land (a proxy for

" arisk-free investment) is used in calculat-

ing the RiR index, but not for calculating
the CV. If leasing rate data are available,
the somewhat more sophisticated RtR
measure should be used when making
cropping decisions; otherwise, CV can be
used. Note that both of these decision aids
are only simple proxies for crop selection
criteria; more sophisticated mathematical
techniques are available if optimal portfo-
lios are sought. However, the RtR ap-
proach is more flexible than some sophisti-
cated techniques when evaluating
adjustments to existing rotations, and it
can give similar answers by using spread-
sheet trial-and-error methods that can be

" performed easily in a short period of time.

Comparing the results for portfolios
presented in tables 4 through 6 with those
in tables 1 through 3 for single crops
shows that portfolios give a better chance
of earning positive returns to risk than
single crops. Note that the RtR index is
positive for all portfolios, whereas about
one-third of the single crops have negative
returns to risk. It is apparent that diversifi-
cation improves risk efficiency. -

For comparison with these diversified
portfolios, table 7 presents some “tradi-
tional” crop rotations (identified in a 1960
study by Carter and Dean) for the same
three counties. Ignoring alfalfa, which is
included for soil conditioning, the crops in
traditional rotations are similar to some
portfolios listed in tables 4 through 6.
Similarities in composition between tradi-
tional rotations and the portfolio examples
indicate that growers have made good
choices in the past. However, care in selec-
tion of crops for a portfolio is needed, for
within each county the alternate rotations
are significantly different in their degree of
risk efficiency. For example, the first rota-
tion listed in table 7 for Yolo County has a
negative RtR index, but as wheat is
dropped and tomatoes added in the sec-
ond and third rotations, the index be-
comes increasingly positive.

We conclude that there are “returns to
analysis of risk” for growers. Spending
time evaluating markets to estimate crop
returns and creating portfolios based on
correlation among crop returns can signifi-
cantly improve the risk efficiency of crop-
ping plans.

S. C. Blank is an Extension Economist at the
Agricultural Economics Department at the
University of California, Davis.
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