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The single index model (SIM) has been used in finance and agriculture as
an alternative to the more complex quadratic programming model to provide
estimates of risk that represent the variance-covariance structure of
enterprise returns. Several studies have used the SIM either to provide risk
information and derive optimal enterprise combinations or to determine the
risk costs (Collins and Barry; Turvey and Driver; Turvey et al.; Gempesaw et
al.; Sharpe and Baker). The problem of index choice has been considered in
the SIM application in agriculture using state enterprise extension budgets.
Most of the research above studied enterprises at a state level using average
state returns as a proxy for the market index. However, the SIM has not been
applied to data collected on actual farms for a smaller geographic area. This
type of data would likely be more appropriate for extension economists and
farm managers to use in decision making.

The manuscript is organized as follows. First, six farm indices are
considered as the index needed for the application of the SIM. The farm
enterprise data represent the average returns of farms that are members of the
Kansas Farm Management Association. The quality of the market index is
determined using the Lagrange Multiplier test. Systematic and nonsystematic
risks and the corresponding costs are estimated for undiversified individual
enterprises using the "best" indices.

Analytical Framework

The basic assumption underlying the SIM is that enterprise returns are
correlated to a market index, m, as follows:
(1) R, =i ergRa+ Tewd ih=ajl . ad . pan
where R, is the net return of the i" enterprise, R is the return of the

market index m, a; is the fixed component of R, that is independent of R_; B, is






The variable aﬂs depends on the degree of diversification and can be defined
as the difference between total enterprise risk and its systematic component:

(6) oM =0, - Bopn,

Derivation of the Risk Costs
The mean-standard deviation model often used in portfolio selection is

formulated as follows:
M Z % 8
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where Z is the utility function, © is the risk aversion coefficient, and eap
is the portfolio risk cost. Sharpe and Baker have shown that the addition of
a marginal unit of enterprise, i, changes the utility function as much as
(R, - 60,), the first derivative of Z with respect to x;. From equation (5):
(7) 6o, = 6fo, + GaiNS
where 80, represents the total risk cost for enterprise i, 68,0, is the
systematic risk cost, and eafs is the nonsystematic risk cost. Thus, by
multiplying the risk by the risk aversion coefficient, the risk is converted
into a certainty equivalent value.
The IM Test

The Lagrange Multiplier (LM) test can be used to test the SIM most
crucial assumption of uncorrelated error terms across equations (Sharpe and
Baker). Given Q, the variance-covariance matrix between the error terms e
and e, the hypothesis to be tested is that H: O is a diagonal matrix against
the alternative that the off-diagonal elements of Q are different from zero.

The IM statistic is constructed as follows:






Kansas net income per farm after inventory adjustment: NFI; 3) total state net
farm income in Kansas: TFI; 4) net farm income for southeast Kansas Farm
Management Association farms: NFIS; 5) rate of return on net worth for
southeast Kansas Farm Management Association farms: RNWS; and 6) gross farm

income for southeast Kansas Farm Management Association farms: GFIS (table 2).

Estimation Procedures

Real returns, R, of the i farm activity, are regressed separately on
each one of the six farm indices included in this study. Given the nine
enterprises included in this study, the number of degrees of freedom for the
IM test is 36. Two indices, GFIS and NFIS, equally satisfied the IM-test
results. These indices are used to derive systematic and nonsystematic risk
components. Nonsystematic risk is obtained by subtracting estimated
systematic risk from the total risk for each enterprise. Brink and McCarl
estimated an average risk coefficient of 0.23 with a range from O to 1.28 for
a group of cornbelt farmers. These values are used as an approximation of
Kansas farmer'’s risk preferences to derive the risk costs when multiplying the
risk aversion coefficient by the respective risks.

Results

Systematic risk is a component of the total risk of an enterprise return
when the corresponding beta coefficient is significantly different from zero.
Total risk is diversifiable, if the beta coefficient is not different from
zero. Results differ by index as to whether systematic risk is part of or
none of the total risk of the farm enterprises (table 3). The NFI and TFI
indices suggest that the risks on all enterprise returns are nonsystematic.

The GFIS and NFIS indices suggest a large systematic risk component for most






Risk Costs and the Gain to Diversification

Risk cost information is important for choosing among alternative
production possibilities in order to maximize farm income while reducing risk.
Systematic risk costs are a function of the farm sector index. Farmers can do
nothing to reduce them. These costs are inherent to farming and occur whether
each enterprise is produced separately or in combination with others.
Nonsystematic risk costs can be reduced by diversifying into alternative
enterprises. Systematic and nonsystematic risk costs are derived for each
enterprise under alternative risk aversion levels, assuming that there is no
diversification (table 6). These costs are proportional to the risk
components, and the proportion of systematic and nonsystematic risks are
maintained with respect to the costs. The risk costs are larger for more
risk-averse farmers.

A farmer in southeastern Kansas having average risk preferences (8 =
0.23)! has a systematic cost of $8.19 per acre and a nonsytematic cost of
$3.31 per acre for growing sorghum (table 6). Nonsystematic risk cost can be
partially reduced or totally eliminated, depending on the degree of
diversification. For each farm enterprise, this cost should be added to the
systematic risk cost when that enterprise is produced individually, but
represents the potential gain from an efficient combination with other
enterprises in a portfolio. If a farmer is more risk averse (8 = 1.25)2, the
systematic risk cost for grain sorghum production is $44.53 per acre, whereas

the nonsystematic risk cost is $18.00 per acre. If a farmer is less risk

! The average risk aversion coefficient for a group of Cornmbelt farmers was
0.23 (Brink and McCarl).

2 A maximum risk aversion coefficent of 1.28 was observed in the Brink and
McCarl study.






approximate the SIM assumptions. Results suggest that localized farm indices
are more appropriate for the market index than are statewide indices.

These indices are used to derive the risk components. Systematic risks
are larger than nonsystematic risks for seven of the nine enterprises studied.
Similarly, systematic risk costs are greater than nonsystematic risk costs for
most enterprises. In southeastern Kansas, systematic risk costs are less than
the mean return to farmer'’s unpaid labor and management for dairy, sow &
litter, and swine fattening enterprises for even the most risk-averse farmers.
Systematic cropping risk costs are greatest for grain sorghum and smallest for
wheat. Some changes in the ranking of crop enterprises occur when systematic
risk costs are considered for alternative risk aversion levels. The single
index model is a promising tool to illustrate risk-return trade-offs for

enterprise analysis.
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Table 2. Six Possible Choices for the Market Index, 1976-1988*

Year GFI® NFI® TFI® NFISP RNWSP GFIS®
$ $ $ million $ % $
1976 99,501.19 12,327.79 961.60 25502727 -5.33 188,046.3
1977 105,134.68 11,213.08 863.46 45,374 .33 -7.46 207,285.9
1978 109,148.79 105 1215051 769.20 51,266.44 -4.42 201,491.3
1979 143,005.39 175295.63 1297.21 63,859.32 -2.84 234,070.0
1980 118,494 .99 -2,563.66 -192.27 -1,084.41 -15.83 159,183.1
1981 109,263.92 4,264.57 319.84 35531.. 1l -14.73 169,990.8
1982 113,062.82 12,994.67 974.60 14,262.17 -11.46 179,623.3
1983 105,990.24 5,747 .44 431.09 7,147 .11 -11.57 155,615:3
1984 111,799.43 125 631725 935.13 763.32 -13.31 158,977.6
1985 107,008.76 17,746.87 W T TS 410.06 -14.84 151,747 .7
1986 105,022.22 22,600.54 1,582.01 20,388.08 -7.24 164,218.9
1987 107,932.39 24,986.52 1EN755391 48,438.41 -0.74 188,663.4
1988 106,161.00 23,025.00 1,588.70 57,076.00 2.47 201,818.0
Mean 110,886.60 13,261.29 966.48 252881 51 -8.25 181,594.70
Stabs 10,257.83 7,644 .23 533.03 23,158.15 5.65 23,745.72
C.V.(%) 9.25 57.64 5551'5 89.48 -68.49 13.08

Sources: “Economic Statistics, Kansas Farm Facts, Kansas State Board of Agriculture.
PHistorical Data, Kansas Farm Management Associations reports, Department
of Agricultural Economics, Cooperation and Extension Service, Kansas State University.

'Estimates are in 1988 constant dollars.
GFI: Kansas gross farm income before inventory adjustment
NFI: Kansas net farm income after inventory adjustment
TFI: Kansas total net farm income
NFIS: Net farm income for southeast Kansas Farm Management Association
RNWS: Rate of return on southeast Kansas farm net worth
GFIS: Gross farm income for southeast Kansas Farm Management Association






Table 4. Error Correlation Matrix for the GFIS Index'.

Enterprise  Sorghum Wheat Soybeans Beef cow Beef fin. Dairy Sow 1itt. Swine Fat. Farmland
Sorghum 1.00 -0.46 0.46 -0.29 -0.58" -0.28 -0.02 0.15 0.01

Wheat 1.00 0.18 0.19 -0.02 0.51; + =0.58" -0.85" 0.30

Soybeans 1.00 0.21 -0.11 0.29 0.33 0.24 0L71¢
Beef cow 1.00 0.79" 0.70" 0.43 0:13 0.37

Beef finish 1.00 0.34 0.57" 0.41 0.01

Dairy 1.00 0.18 -0.20 0.75"
Sow-Titter 1.00 0.87" 0.18

Swine fat. 1.00 -0.09

Farmland 1.00

"Significant at the 5% level of confidence.

1GFIS:

Gross Farm Income for Southeast Kansas Association farms.






Table 6. Systematic and Nonsystematic Risk Costs at Various Risk Aversion

Levels
Risk Aversion Coefficient

Enterprise 0.01 0.23 1225

Syst Nonsyst Syst Nonsyst Syst Nonsyst
Sorghum ($/acre) 0.36 0.14 8.19 3231 44 .53 18.00
Wheat (S$/acre) 0.24 0.12 5.46 25971 29.69 14575
Soybeans ($/acre) 0.33 0513 7.65 2.96 41.55 16.06
Beef cow ($/head) 109 0.47 25,12 10.89 136.54. % 59:16
Beef finishing ($/head) 0.43 ). 25 GINES 8.00 53.43  43.46
Dairy ($/head) 2421 1.00 S530) 742 22091 276.05 124.50
Sow & litter ($/head) 0.06 0.18 3 4.22 71 22895
Swine fattening ($/head) 0.02 0.09 (0).55) 2.09 2.96 0L G
Land Ownership ($/head) 0.76 0.22 17.48 S/, 95RO 028 N1]:
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