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Regional and Farm-Level Risk Analyses
with the Single-Index Model

Calum G. Turvey

This paper estimates single-index model (SIM) beta coefficients for the major cash crops of
Ontario’s agricultural-producing counties. Beta coefficients are estimated using per acre gross
revenues weighted by (1) the proportion of each crop planted in each county and (2) equal
weights. The results show that sometimes substantial differences arise from these procedures.
Implications for government policy and farm-level risk-management strategies are discussed.
A practical approach for using SIM for farm management purposes is presented and the

effects of systematic and nonsystematic risk are discussed.

One of the most important areas in agricultural
finance and farm management is risk management.
The management of risk posits a substantial prob-
lem since few simple tools are available. Many
academics work with mean-variance optimization
or stochastic dominance models, while some ex-
tension offices provide publications that include
risk measures such as the coefficient of variation.
An approach to measuring risk in agriculture, which
may prove fruitful for both academics and farm
managers or extension agents, is the single-index
model (SIM).

The single-index model (Sharpe) has been used
to derive optimal mean-variance-efficient portfo-
lios (Collins and Barry; Turvey, Driver, and Baker),
to examine the relative riskiness of farm enterprises
(Turvey and Driver; Gempesaw, Tambe, Nayga,
and Toensmeyer), and to estimate the marginal costs
of diversification (Sharpe and Baker; Blank). It
provides a method of risk analysis that reduces
substantially the amount of probability information
required for making single-period portfolio-choice
decisions.! Moreover, it is conceptually simple to
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! The single-index model is not an equilibrium-type mode! such as
the capital asset pricing model (CAPM). While the underlying mathe-
matics are the same, SIM can be applied to any portfolio using any
index, whereas CAPM requires knowledge of a specific market portfolio.
(See also Collins’s reply to Hutchison and McKillop.)

understand and is consistent with the mean-vari-
ance rule.

The purpose of this paper is to present SIM con-
cepts within a risk-management framework that can
benefit farmers and policy makers. Farmers benefit
because SIM can be used to measure and compare
enterprise risk as well as portfolio risk using rel-
atively simple arithmetic. Policy makers benefit
because the approach readily lends itself to eval-
uating regional risk differences and diversification.

The outline of the paper is as follows. The the-
oretical framework of SIM is first presented. The
risk measures are then applied to a cross section
of counties in Ontario, and the results pertaining
to alternative crop portfolios are presented. The
last section provides a discussion of some of the
issues involved as well as the conclusions of the

paper.

The Single-Index Model

The single-index model assumes that revenues as-
sociated with various farm enterprises are related
only through their covariance with some basic un-
derlying factor or index. The risk correlated with
this index is called nondiversifiable, or systematic,
risk. Specifically, systematic risk measures the pro-
portionate contribution of an individual enterprise’s
risk to the variance of the underlying index. The
second risk component, called nonsystematic risk,
is the portion of enterprise returns uncorrelated with
the index. That is, nonsystematic risk is the com-
modity’s specific risk. Diversification can poten-
tially reduce nonsystematic risk.

In a portfolio context, a measure of systematic
risk can be determined by defining an index com-
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prised of the stochastic revenues of a reference
portfolio, R

(1 R, = > wiR

where w; are the weights of enterprise i, and R; are
stochastic enterprise revenues. The expected value
of (1) is

) ER,] = Z, w; E[R}]
and its variance is
O G=3iw

where oy; represents the enterprise variance and
covariance relationships. An important aspect of
portfolio theory is the relationships between port-
folio risk, the relative proportions of crops held in
the portfolio, and the contribution that each crop
makes to portfoho variance. For example, differ-
entiating 0' with respect to w; yields (Berndt)

o0
J=1

W, Oy,

aWi

Thus, the change in portfolio variance due to a
change in the weight of the commodity depends
simply on the covariance between the two. The
insight which SIM gives to this problem is that it
provides an exact measure of this marginal risk
response in a simple and intuitive way.

Least squares regressions of R;, on the underlying
reference portfolio, R,,,, are the characteristic equa-
tions that determine systematic and nonsystematic
risk; i.e.,

(5) Ry = a; + BiRpl + ey,

where o is the intercept, B; is the regression (beta)
coefficient, and e, is the error term.

The beta coefficients measure the anticipated re-
sponse of a particular commodity to changes in
portfolio returns. By definition, B, = 0',,,/0,,, so
that rearranging in terms of o;, = B; (r,, and sub-
stituting this into equation (4) ylelds

60
(6) aw, 20,,[’),

Since 20'5 is a constant, knowledge of enterprise
beta coefficients provides a sufficient measure of
marginal risk.

SIM parameters can also be used to provide mea-
sures of portfolio risk. Dropping the time subscript,
the expected value of (5) is
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N EIR]] = a; + BEIRp],
and its variance is
(8) o} = Blop + o2,

where P o5 is the systematic risk for enterpnse i
and o,; is nonsystematlc risk. The covariance be-
tween two enterprlses is B8, 0,, Substituting these
variance and covariance measures into (3) yields
the portfolio variance in terms of the single-index
model parameters:

+ 2 w (ra-.

The first term in (9) measures the proportion of
portfolio risk that is systematic, and the term
n

> wiB; in (9) is called the portfolio beta. The

i=1

second term is the nonsystematic component of
portfolio risk. If it is assumed that nonsystematic
risk is negligible, then in general the weighted av-
erage of all the beta coefficients will sum to 1.0.
For example, assume that w; = l/nforalli = 1,
n; then

(10)

i; wi; =

©) [E wB e

which states that the portfolio beta for the reference
portfolio equals 1.0.

The significance of this result for farm manage-
ment is that once an appropriate reference portfolio
has been identified, the systematic risk of any other
portfolio can be measured relative to 1.0. Thus, if

:l—'

Ew,-B,- is greater (less) than 1.0, it has more (less)
i=1

systematic risk than the reference portfolio.

The assumption that nonsystematic risk is neg-
ligible is problematic, and the relative magnitude
of nonsystematic risk to systematic risk is an em-
pirical problem. For example, Turvey, Driver, and
Baker found that minimizing portfolio beta in a
linear programming model provided solutions vir-
tually identical to a quadratic program, the impli-
cation being that systematic risk may sufficiently
reflect portfolio risk. However, although Turvey
and Driver found low nonsystematic risk in their
nominal gross-revenue data set, Collins and Barry
found high nonsystematic risk in real net income
data. Gempesaw et al. examined these differences
and, using the same data set, found low nonsys-
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tematic risk for the gross-revenue measure and low
systematic risk for the net income measure. The
appropriateness of which measure should be used
is discussed in the following sections.

Methodology

This section discusses some of the major issues
confronting the adoption and use by farmers of SIM
in general and the portfolio beta measure in par-
ticular. Data issues, measurement issues, and ap-
plication are discussed.

There are two considerations with respect to data
issues. The first consideration concerns the data to
be used, that is, net income or gross revenue and
real or nominal values. This issue is of great con-
cern since the accuracy of the risk measure is con-
tingent on the measure used. Adams, Menkhaus,
and Woolery, and Lin, Dean, and Moore find sub-
stantial differences in portfolio solutions depending
on how risk and returns were defined. Gempesaw
et al. examined this issue with explicit reference
to SIM and found conflicting results. Collins and
Barry, and Blank use real net income in their SIM,
while Turvey and Driver, and Turvey, Driver, and
Baker use nominal gross revenues.

The results of these studies show that using net
income decreases systematic risk relative to the
gross-revenue measure. While arguments for using
real data are compelling, there is little guidance in
the literature as to whether or not gross or net rev-
enues should be used. Turvey and Driver (p. 399)
argue that the main issue is the timing of inputs.
Since most of the inputs for production agriculture
have been purchased or negotiated prior to plant-
ing, their costs are generally known and determin-
istic. The only relevant stochastic variables are
enterprise prices and yields, which can conve-
niently be combined into a single univariate ran-
dom variable. An appropriate variance measure,
therefore, would be based on real gross revenues
rather than net income, although under the as-
sumption of deterministic costs, the variance of
both are equal.

This study used county-level price and yield data
for Ontario from 1973 to 1988 (Ontario Ministry
of Agriculture and Food). Prices were converted
to real 1988 values using the implicit price deflator
of the gross national product. All revenues are in
Canadian dollars. Using the characteristic regres-
sion {equation 5), enterprise beta coefficients were
estimated for grain corn, silage corn, soybeans,
white beans, winter wheat, hay, barley, oats, and
mixed grain. These coefficients were estimated us-
ing ordinary least squares (OLS) for each of On-
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tario’s 50 agriculture-producing counties.”> In
general, OLS estimates of equation (5) are biased
and inconsistent since the dependent variable, R,
is a component of the independent variable, R,
The order of bias will be larger for beta estimates
of crops that comprise a substantial proportion of
the portfolio, but as the number of crops in the
portfolio increases, the overall bias is diminished.

Beta coefficients were estimated using two dif-
ferent weighting techniques. The first applied equal
weights to all crops in the county portfolios, while
the second applied weights based on the proportion
of crop acreage planted in each county in each year.
The first method is consistent with the approach
used in Collins and Barry, Turvey and Driver, and
Turvey, Driver, and Baker for farm-leve! decision
making, whereas the second was used by Gem-
pesaw et al., and Blank. The intent of this approach
is to choose appropriate portfolio weights using
enterprise beta coefficients as the risk measure and
then evaluate the risk relative to expected portfolio
revenues.

The second approach is a more precise measure
for county-level analyses since the weighting con-
siders fully the contribution that each enterprise
makes to the variance of the county portfolio. The
marginal risk criterion (equation 6) can be applied
to assess the change in county-level risks in re-
sponse to an incremental increase or decrease in
acres planted to a particular crop. Hence, differ-
ences in beta coefficients between counties can be
attributed not only to inherent systematic risk, but
also to the proportion of acreage in the county
relative to other crops. However, it should be noted
that these beta coefficients are only relevant for
small increments of risk. A substantial change in
the counties’ crop mix would require the beta coef-
ficient and, therefore, the incremental variance to
be reestimated.

Results

Results of the empirical model are presented in this
section. County-specific beta coefficients are pre-
sented and discussed. The use of these beta coef-
ficients is illustrated with a farm management

% The characteristic equations were estimated assuming a naive ex-
pectations framework whereby the expected value is equal to the means
and the variance is measured as the deviations from the means. Other
measures could be used that measure deviations from expectations other
than means. For example, expected enterprise and portfolio revenues
could be specified as an n year moving average with no loss of generality.
The beta coefficient would have the same interpretation, but the values
may be different. For a general discussion on estimating procedures, see
Gempesaw et al.
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Table 1. Equally and Proportionally Weighted Beta Coefficients for Selected Ontario Counties
Mixed Grain Silage Soy- White
County Wheat Oats Barley Grain Hay Com Comn bean Beans
Equally Weighted
Essex 1.587 0.807 0.848 0.793 0.467 1.513 0.974 1.011 —
Middlesex 0.879 0.562 0.743 0.768 0.453 1.392 0.720 0.681 2.801
Oxford 1.197 0.915 0.838 1.192 0.383 1.682 0.794 — —
Peel 1.182 0.736 1.149 0.926 0.459 1.430 1.119 — —
Waterloo 1.243 0.782 0.959 1.043 0.274 1.681 1.017 — —
Wellington 1.146 0.915 1.292 1.250 0.268 1.576 0.552 — —
Northumberland 1.118 0.842 0.808 1.007 0.413 1.950 0.862 — —
Lanark — 0.392 0.549 0.806 0.435 2.463 1.355 — —
Ott.-Carleton — 0.746 0.954 0.876 0.497 1.814 1.113 — —_
Proportionally Weighted
Essex 1.128 0.580 0.595 0.562 0.399 1.253 0.729 1.016 —
Middlesex 0.839 0.541 0.711 0.741 0.439 1.405 0.726 0.683 2.482
Oxford 0.944 0.758 0.623 0.997 0.302 1.613 0.720 — —
Peel 1.426 0.832 1.332 1.100 0.691 1.582 1.422 — —
Waterloo 1.148 0.743 0.936 1.016 0.345 1.734 1.138 — —
Wellington 1.149 0.985 1.380 1.339 0.422 1.738 0.769 — —
Northumberland 1.090 0.757 0.791 0.973 0.657 1.935 1.124 — —
Lanark — 0.308 0.441 0.802 0.842 1.844 1.352 — —
Ott.-Carleton — 0.338 0.494 0.423 0.717 1.275 1.053 — —

example. Finally, the effect of nonsystematic risk
is investigated.

Table 1 presents real, equally and proportionally
weighted betas for 10 of the 50 agricultural-pro-
ducing counties in Ontario. The reported counties
span the province from west to east, with Essex
being the most western county and Ottawa-Carle-
ton the most eastern county. An immediate obser-
vation is that there are differences in enterprise beta
coefficients within and between the two tables.?
These differences occur because the proportionally
weighted beta coefficients measure the variance
contribution of individual crops to the county port-
folio rather than to a farm portfolio.

There are substantial regional differences in beta
coefficients. For example, equally weighted barley
betas range from 0.549 in Lanark County to 1.292
in Wellington. These numbers suggest that a $1.00
increase in expected revenues from the Lanark
County portfolio implies a $.55 increase in ex-
pected barley revenues, whereas a similar increase
in Wellington implies an increase of $1.29. Similar

* Given the definition B, = 2 ws, ! O, J,wwoy, the derivative 33/
7 T

dw; = (007 — o})/o} is strictly non-negative, whereas 9B/ow;, =
a,k(opz - c,,,)tr,,“ can be either positive or negative. Thus, an increase
in acres planted to crop i will, ceteris paribus, lead to an increased beta
coefficient. However, changes in the proportion of other crops also affect
beta measures. Without prior knowledge of exact covariance relation-
ships, nothing a priori can be said about the direction and magnitude of
beta coefficients when different portfolios are being considered.

differences are found for the proportionately
weighted beta coefficients.

The results indicate that within the portfolio con-
text, fodder corn, grain corn, and wheat have, in
general, beta coefficients greater than 1.0. This
implies that the revenues of these crops have pro-
portionately more variance than the revenues for
the portfolio as a whole. For example, in Table 1
expected per acre grain corn revenues in Welling-
ton County increase (decrease) by $1.58/acre for
every $1.00 increase (decrease) in revenues from
the equally weighted portfolio. Barley, mixed grain,
oats, and hay have, in contrast, a more stabilizing
effect. For example, a $1.00/acre increase (de-
crease) in the equally weighted portfolio revenues
for Middlesex County implies a per acre increase
(decrease) in expected barley revenues of only $.74/
acre.

Systematic Risk

As previously defined, systematic risk reflects that
portion of an enterprise’s total risk which contrib-
utes to the variance of the farm portfolio. Diver-
sification cannot reduce this risk. The residual
enterprise risk is defined as nonsystematic risk.
This risk could potentially be reduced should al-
ternative enterprises or opportunities present them-
selves.

Systematic and nonsystematic risk measures for
Middlesex, Northumberland, and Ottawa-Carleton
counties are calculated according to equation (7)
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Table 2. Measures of Systematic and Nonsystematic Risk
Equally Weighted Proportionally Weighted
Gross Standard Systematic Nonsystematic Systematic Nonsystematic
Enterprise Revenue Deviation Beta Risk® Risk® Beta Risk® Risk®
Middlesex County
Wheat 294.32 88.86 0.879 68.32 56.81 0.839 66.93 58.45
Oats 175.25 46.97 0.562 43.68 17.26 0.541 43.16 18.53
Barley 214,14 61.37 0.743 57.75 20.76 0.711 56.72 23.43
M. Grain 197.80 63.79 0.768 59.70 22.47 0.741 59.11 23.98
Hay 287.01 63.44 0.453 35.21 52.77 0.439 35.02 52.89
G. Corn 443.23 115.63 1.392 108.20 40.78 1.405 112.08 28.43
S. Corn 400.27 80.55 0.720 55.97 57.92 0.726 57.91 55.99
Soybeans 334.74 71.18 0.681 52.93 47.59 0.683 54.48 45.81
W. Beans 448.05 258.54 2.801 217.72 139.43 2.482 197.99 166.26
Portfolio® 310.53 77.73 1.0 77.73 0.00 — —_ —
Portfolio® 362.62 79.77 — — — 1.00 79.77 0.00
Northumberland County
Wheat 248.92 71.99 1.118 61.95 36.67 1.090 53.33 48.36
Qats 160.53 52.05 0.842 46.66 23.06 0.757 37.04 36.57
Barley 181.29 51.39 0.808 44.77 25.23 0.791 38.70 33.81
M. Grain 176.44 58.36 1.007 55.80 17.09 0.973 47.61 33.75
Hay 214.81 46.96 0.413 22.88 41.01 0.657 32.15 34,22
G. Corn 346.67 145.37 1.950 108.05 97.25 1.935 94.68 110.31
S. Comn 318.02 74.59 0.862 47.76 57.29 1.124 55.00 50.39
Portfolio® 240.42 55.41 1.00 55.41 0.00 — — —
Portfolio? 254.40 48.93 — — — 1.000 48.93 0.00
Ottawa-Carleton County
Qats 125.59 36.81 0.746 32.55 17.19 0.338 14.69 33.75
Barley 161.93 49.47 0.954 41.62 26.74 0.494 21.46 44.57
M. Grain 147.85 41.70 0.876 38.22 16.68 0.423 18.38 37.43
Hay 189.65 47.36 0.497 21.68 42.10 0.717 31.15 35.617
G. Corn 390.38 90.51 1.814 79.14 43.92 1.275 55.39 71.58
S. Comn 282.04 56.19 1.113 48.56 28.27 1.053 45.75 32.62
Portfolio® 216.24 43.63 1.000 43.63 0.00 — —
Portfolio? 239.40 43.45 — — — 1.000 43,45 0.00

*Systematic risk in standard deviation format equals B; o,.

®Nonsystematic risk in standard deviation format equals (8;0%, ~0%)">.

“Refers to equally weighted portfolio.
9Refers to proportionally weighted portfolio.

and presented in Table 2. These counties were se-
lected since they are located at the approximate
center of southwestern, central, and eastern On-
tario, respectively, and are therefore representative
of regional risks. For example, the standard de-
viations of the proportionally weighted reference
portfolios are $79.77/acre, $48.93/acre, and $43.45/
acre for Middlesex, Northumberland, and Ottawa-
Carleton, respectively. The expected per acre gross
revenues are also different: $362.62/acre, $254.40/
acre, and $239.40/acre, respectively.

At the county level, systematic risk is dependent
upon the risk profile of the weighted portfolio and,
for this reason, differences in the beta coefficients
are observed. For example, the proportionally
weighted beta coefficients for grain corn are 1.405,
1.935, and 1.275, respectively, for each of the

three counties, whereas betas for the equally
weighted portfolio are 1.392, 1.950, and 1.814,
respectively. Coincidental with this are differences
in the absolute values of systematic and nonsys-
tematic risk. For example, using an equally weighted
portfolio, the systematic risk for grain comn is
$108.20/acre, $108.05/acre, and $79.14/acre for
Middlesex, Northumberland, and Ottawa-Carle-
ton, respectively, but for the proportionally weighted
portfolios, systematic risk values are $112.08/acre,
$94.68/acre, and $55.39/acre, respectively.

From a policy perspective (e.g., crop-insurance
management), knowledge about regional diversi-
fication is important. Similarly, it is important to
recognize the relationship between crop acreages
and their relative contribution to the risk of the
county portfolio. Proportionately weighted betas
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reflect the relative contribution of an individual
crop to the total variance of county crop portfolios.
The betas are conditional on the relative propor-
tions of crops grown as well as their variances.
Both of these may differ by county. Recognition
of heterogeneity in county risk profiles is, there-
fore, a necessary component of targeted extension
activities. For example, according to the propor-
tionately weighted betas in Table 2, it is useful to
recognize that a major contribution to revenue risk
in Middlesex County is white beans, and the rev-
enue potential of the county varies accordingly.

At the farm level, equally weighted betas can be
used to analyze portfolio risks. This can be done
using the portfolio beta concept introduced in equa-
tion (10). Essentially, varying the portfolio weights
will result in a portfolio beta greater than or less
than 1.0. The change in a portfolio beta reflects
marginal risks. A value greater (less) than 1.0 im-
plies that the new portfolio is more (less) risky than
the reference (equally weighted) portfolio. For ex-
ample, suppose that an individual farmer in Mid-
dlesex County faced, without restriction, a crop-
opportunity set described in Table 2. Selecting equal
weights of each crop would result in an expected
gross revenue of $310.53/acre and standard devia-
tion of $77.73/acre. Alternatively, the farmer could
select an equally proportioned portfolio of wheat,
grain corn, and white beans with a portfolio beta
of 1.69 ([.879 + 1.392 + 2.801}/3) with an ex-
pected gross revenue of $395.20/acre and a sys-
tematic risk of $131.36/acre. The risk of this portfolio
is substantially higher than the fully diversified
portfolio. In contrast, a less risky portfolio com-
prised of equal proportions of wheat, oats, barley,
and mixed grains could also be selected. The beta
of this portfolio, 0.738, is less than 1.0, indicating
less risk than the reference portfolio; however, in
order to reduce risk to $57.36/acre, expected gross
revenues are reduced to $220.38/acre.

Nonsystematic Risk

The previous section served two purposes: first to
illustrate how the single-index model can be used
to compare the relative gross-revenue risk among
enterprises, and second to extend the risk measure
to a portfolio basis. Much of the analysis thus far
has assumed that nonsystematic risk is inconse-
quential, yet in some cases it might be substantial.
The purpose of this section is to investigate the
extent to which ignoring nonsystematic risk may
affect the portfolio-choice decision rule presented.

It is important to recognize that with the portfolio
index chosen, expected portfolio revenues are the
same regardless of whether or not total risk or sys-

NJARE

tematic risk is used. This is because the expected
value of the error term in the characteristic equation
(5) is zero. The fact that the enterprise and portfolio
probability distributions, with and without nonsys-
tematic risk, are mean-preserving implies that any
bias occurs in the tails of the probability distribu-
tion, and the cumulative distribution functions (CDF)
will always intersect at the 50th percentile.

Monte Carlo simulations were used to investi-
gate the distribution of outcomes in the tails of
portfolio CDFs. Separate Monte Carlo draws were
obtained with and without nonsystematic risk using
the characteristic regression equation, with port-
folio revenues being drawn from R, ~ N(E[R,),67)
and residual errors being drawn from é ~ N(O,
a>,), where o2, is the nonsystematic variance and
cov(R,, &) = 0.

Comparing the CDFs obtained with and without
nonsystematic risk indicates that excluding non-
systematic risk would not unduly affect the ranking
of crops (portfolios) by first- or second-order sto-
chastic dominance. In most cases, the maximum
difference in either the upper or lower tails amounted
to less than 4 percentage points on the cumulative
probability scale (vertical axis of the CDF). For
example, in Figure 1, the CDFs for a portfolio
comprised only of white beans in Middlesex County
are compared. The beta for white beans is 2.801,
its standard deviation is $258.54/acre, which is
made up of $217.72/acre systematic risk and
$139.43/acre nonsystematic risk (Table 2).* The
area between the distribution functions represents
nonsystematic risk.

Discussion and Conclusions

The overall objective of this paper was to develop
single-index model concepts into a workable risk-
management framework. It was suggested that
farmers and policy makers could use beta coeffi-
cients in their respective decision-making capaci-
ties. The empirical analyses were based on the major
cash crops of Ontario and focused on a county-
level analysis. Beta coefficients were estimated for
each crop in each county, and for some represen-
tative counties, measures of systematic and non-
systematic risk were presented.

The concept of systematic and nonsystematic risks
can be incorporated into the assessment of risk-
management strategies at both the policy and farm

* The characteristic equation for white beans is R = —421.68 +
2.801 * [R, ~ N(310.53, 77.73)] + [e ~ N(O, 139.43)], where N(*)
denotes the normal distribution (mean, standard deviation) of the Monte
Carlo draws.
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level. For policy makers, identifying regional risk
profiles is important not only for farm extension
applications, but in defining risk for farm policies.
Proportionally weighted betas reflect the marginal
risk of an individual enterprise to the total risk of
a county portfolio. Proportionally weighted indices
can, therefore, be used to target regionally based
risk-management strategies and to establish re-
gional risk profiles. One possibility of future re-
search may be to devise an area revenue insurance
policy congruent with the recent propositions on
area-yield crop insurance proposed by Miranda.
At the farm level, the use of enterprise beta coef-
ficients and the portfolio beta concept is markedly
simpler than many other techniques used to assess
risk in agriculture. For purposes of risk manage-
ment, the equally weighted portfolio may prove
fruitful. By varying portfolio weights, farmers can
identify marginal risk increases or decreases rela-
tive to a portfolio with an index value of 1.0. The
approach is a simplified one, which is consistent
with the mean-variance rule. One of the greatest
impediments to the acceptance of the single-index
model for risk-management purposes is informa-
tion. Information with regards to SIM concepts
would necessarily evolve through extension ef-
forts. The second information need is with respect
to the empirical application of beta coefficient and
county-risk measures. While some farmers have
substantial knowledge of statistics, this cannot be
said of farmers in general. Thus, empirical data
would likely have to be provided through extension
publications. The format of such publications,
however, need not be extensive or overly complex.
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