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-scaleeffects
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 approximate amounts used by each strategy.
Water management affected yield
much more than quality under the conditions of this trial. In general, hay quality
was not significantly affected by irrigation
treatments except when water stress became severe and then quality declined.
The commercialpractices of raking and
baling used for this study would have
masked minor differencesin quality due
to water stress. However,better hay quality was detected for skip and termination
treatments in the first harvest following reirrigation (table 3). For example, crude
protein analyses of the July-Augustskip
treatment were 21.1% and 22.3%compared 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 observed 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 alfalfa planted in early fall can survive induced first and second year midsummer
drought from irrigation cutoff and subsequently return to normal production
within two cuttings after rewatering. Following two years of imposed summer
drought, stressed treatments produced
yields equivalent to the standard treatment in the third year of production during which all treatments were irrigated
normally.
Results from this study could also be
useful in helping growers make management decisionson how to utilize limited
water resources. Yield responses to different management strategies, water costs,
and alfalfa hay prices must all be considered in order to determinewhich 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 Agricultural Center; Joe Padilla, Field Technician,
Kings County; John Soares and Brett Allen,
Field Technicians, Tulare County; and the
Dairymen's Creamey Cooperative Association.
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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. Adapted from stock
portfolio strategies, the index is
one of the first to be applied to
farming. Crop diversification will
be described as a risk management strategy and evaluated using
the index with data from three
sample counties.
Selectingwhich crops to produce is one of
the most important decisions faced by agricultural producers, yet many do not understand the risks associated with that decision. Too often their analysis stops once
a market opportunity has been identified.
Besides the profit they anticipate, producers need to consider the relative risks associated with each crop to accurately assess
market opportunities. The many a g r i d tural crops produced and marketed profitably by Californiagrowers are by no
means equal in posing risks. For growers
to select crops that best suit their needs,
they must take account of these differences. 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 California 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 reflectinghistorical income 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 agricultural producers reflects the net effects
of risks associated with (1)production and
yield and (2) marketing and price.

Such risk can be measwed by using the
coefficient of variation (CV).A CV is calculated by dividing the standard deviation
(6)
of a data series (i.e., crop yields for several years) by its mean and multiplying by
100, thereby expressingthe figure as a percentage. Calculationof both the standard
deviation (a measure of how widely data
vary around a mean) and the CV can be
performed using handheld calculatorsor
software spreadsheets.
For the purposes of this discuzsion,the
mean can be expressed either as X or as
E(Ri) for expected return from crop i. The
CV can therefore be notated two ways:
CV = o/X or CV =o/E(Ri)
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 annual 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 average annual prices per ton by crop by
county. To remove the influence of inflation over time, the series is deflated using
the index of farm prices received (1986 =
100) from the Economic Report of the President, 1988.
Because income risk incorporates both
price and production risk, the CV of income risk is used in the tables accompanying this paper. This coefficientis calculated based on net income per acre, which
equals gross revenue (price times yield)
minus both fixed and variable costs, as reported in Extension Servicecounty crop
budgets. Mean and CV statistics are calculated for crops in three counties:Fresno,
Imperial, and Yolo. Net income is calculated 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:

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) index -is calculated. This measure is the
reciprocal of a CV for either a crop or a
portfolio, adjusted by the return to a riskfree crop, defined as what the land would
return in a cash lease. The RtR measure for
crop i is:

where R is the return to a risk-free investment and O(Ri)is the standard deviation
of historical returns for crop i. This meaCALIFORNIA AGRICULTURE, MAY-JUNE 1991
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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 portfolio. The lower the CV or higher the RtR,
the more "risk efficient" is an alternative.

Returns to risk for crops
Profit measures, rather than gross revenue, should be used when evaluating income risk. As samples, a net income series
in real 1986 dollars was calculated for
Fresno, Imperial, and Yo10 Counties
(tables 1through 3) using annual data
from 1958 to 1986. Note that the CVs and
RtR measures for these series give somewhat different indications of the levdof
risk. For example, one-third of the crops
listed for Fresno County (table 1)have
negative RtR values. This means that although those crops had positive net returns over the data period, on average, the
level of profits was not high enough, relative to the risk free return, to show a positive return to risk. This index is a much
clearer signal concerning the performance
of a crop as an investment than the ambiguous CV. The RtR index has a built-in
decision criterion and, therefore, isa superior decision tool.

Methods of reducing risk
These high levels of risk estimates for
individual crops imply a need for, and potential gain from, reducing risk. There are
three general types of agricultural risk-reducing strategies. The first, forward contracting, is not always available to individual growers and, when available, may
be very restrictive. For example, buyers of
forward contracts sometimesrepresent
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 movements occurring after a contract is signed.
The second strategy is hedging using futures and/or options contracts. Although
much less restrictive than forward contracts, 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 producers. Diversificationdoes not restrict a
grower's ability to negotiate prices or contract, but increases opportunities to spread
cash flows across seasons, possibly reducing borrowing requirements.
Any restrictions on growers' use of the
portfolio approach to crop selection relate
to their knowledge of production techniques, scale economies of production,
and financial requirements. Obviously, a
successful portfolio would include only
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crops that a grower is proficient in raising.
But costs may increase as diversification
limitsthe scale of production of any one
crop. And capital requirementsmay increase as more crops are added, forcing a
grower to restrict the degree of diversification to what can be financed. Of cowse
there are also agronomiclimitations on the
crops that can enter a portfolio, depending
on the resources at the location-pecifically, what crops can be grown efficiently
there and what crops must be grown to
maintain resourceproductivity.In summary, the portfolio method has fewer limitations in its use than other methods of
risk reduction available to growem.
Standard portfolio theory states that
adding more crops to a production rotation 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 sum of all
variances and covarkpces of crop returns
weighted by the proportions invested in
each crop.
The primary goal of diversificationis
risk reduction. However, absolute levels of
risk and return are positively related, so
diversificationtends to reduce returns as
well as risk. Therefore, crops included in a
portfolio because of their low level of absolute 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 correlationsamong expected returns. Portfolio risk is reduced
most by including a product with perfect
negative correlation with the portfolio's
returns. Therefore, one strategy for portfolio 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 presented below to illustrate the relative levels of risk and return facing producers in
selected counties. However, actual portfolio selections made by investors will depend upon their individual attitudes toward risk and return.

Crop portfolio examples
Sample portfoliosin this article are
based on marketing, not just production
considerations. That is, products are
added to the portfolio based on their riskadjusted profitability per acre. This
method facilitates assessmentsof simultaneous production of any number of crops
on portions of total farm acreage, without
being bound by a particular farm size (assuming that economies of scale in produc-

tion will not vary signhcantly 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 perennials 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 portfolio caused rjsk to be reduced more than returns, generating a more risk-efficient
portfolio, as evidenced by a higher RtR index.
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 accordingto the CV and three
crops according to the RtR index. The
main differencebetween the indexes is
that the return to leasing land (a proxy for
a risk-free investment)is used in calculating the RtR index, but not for calculating
the CV.If leasing rate data are available,
the somewhatmore 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 sophisticatedmathematical
techniques are available if optimal portfolios are sought. However, the RtR approach is more flexible than some sophisticated techniqueswhen evaluating
adjustments to existing rotations, and it
can give similar answers by using spreadsheet 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 1through 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 diversification improves risk efficiency.
For comparison with these diversified
portfolios, table 7 presents some "traditional'' 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.
Similaritiesin compositionbetween traditional rotations and the portfolio examples
indicate that growers have made good
choices in the past. However, care in selection of crops for a portfolio is needed, for
within each county the alternate rotations
are sigdicantly different in their degree of
risk efficiency. For example, the first rotation listed in table 7 for Yo10 County has a
negative RtR index, but as wheat is
dropped and tomatoes added in the second and third rotations, the index becomes 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 sigruficantly improve the risk efficiency of cropping plans.
S. C. Blank is an Extension Economist at the
Agricultural Economics Deparhnent ,at the
University of California, Davis.
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