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maximize an objective function which is constrained by a specified crit-

ical probability.- The specified probability constrains the "disaster" - in 

that the probabilJty of meeting the minimum acceptable l ev e l of the ob-

jective function is greater than or equal to the specified probability. 

Mathematically this concept is presented as: Maximize profit (TI) subject 

to the probability (P) of profit being below the critical level ( TI ) is 

less than or equal to the specified probability (P*) 

TI ) < P* 
c 

Max TI s.t. p (TI < 

The safety-fixed rul e is used when the decision make r is seeking to 

maximize his minimum return with a probability at least equal to a minimum 

specified probability. Mathematically the method could be specified as 

(using the notation above ): Max TI s. t. 
c 

P(TI <TI ) 
- c 

< P*. As can b e see n, 

this rule is an alternative version of the safety-first rule. The maximum 

method is just a special case where P* is zero. 

Third in the class of max imiz ing mod els is lexicographic ordering. 

This me thod is usually appli e d to multiple goal planning, and may include 

the safety-first rul e s. These conce pts were discusse d ea rlier in this 

cha pter. The "elimination by aspects'' me thod i s simil a r to l exicogra phic 

ordering. Whil e probably b e tter classified as a sa tisficing method, it is 

associated with the maximizing methods be cause of the possible application 

t o single attribute d ecisions a nd for eas e of cross r e f e r e nce. In this 

method prospects a re compared, one aspect at a time , and those not meeti ng 

prede termined sta ndards a r e elimi nat ed. 

Differing from the maximizin g me thods a r e the " eff i ci e ncy analys i s" 

methods. Maximizing me thods r e sult in a complete orde ring of risky pros-

pe cts while e fficiency methods a chi eve a pa rtial orde ring. The first 

subclass of efficiency an a lysis me thods is stochasti c do mi nance . 
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Different degrees of dominance have been established, where in-

creasing the number of degrees weakens the dominance condition. In gen~ 

eral, the dominan~e rules are based on comparisons between cumulative 

distribution functions (CDF) for risky prospects. First degree dominanc e 

(FSD), the weakest rule having the least ordering power, occurs when one 

risky prospect is preferred over another by all expected utility max-

imizers. If this condition was shown graphically, the dominant CDF would 

lie to the right of the other CDF, and nowhere to the left. If the 

distributions were normal, this could only happen if the variables were 

the same but the means differed. 

Second degree stochastic dominance (SSD) applies when the area encom

passed by one CDF remains smaller than another, as the area is summed 

sequentially over larger values of stochastic outcomes. Again looking to 

two prospects, if A dominates B by SSD, then A would be preferred over B 

by all risk averse utility maximizers. 

Third degree stochastic dominance is applied to utility maximizers 

with concave utility functions that have a positive third derivative. 

Third degree stochastic dominance (TSD) discriminat e s among prospects 

based on the skewness of the distribution. DSD, decreasing stochastic 

dominance, is weaker than third degree stochastic dominance; it applies to 

all risk averse decision makers with decreasing absolute risk aversion. 

Stochastic dominance with respect to a function was used by King and 

Robison in connection with their interval method explained previously. 

Convex stochastic dominanc e and n-th order stochastic dominance have b een 

explored by some authors. The analytical burden and questionable gains 

from using these more complex methods make them inappropriate for us e in 

many studies. 

.· 



The next set of methods is "utility family specific orderings". 

These methods buiLd on the algebraic forms of the utility function. An~ 

derson reports th~ two most prominent types of utility functions used in 

research are the polynomial utility function [Anderson et al. 1977] and 

the negative exponential utility function [Dryan 1977] (Anderson). The 

generalities of these functions were examined earlier. 

The EV method, mean variance rule, is a special case combining both 
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efficiency and maximizing methods. EV methods have had long and extensive 

use in portfolio analysis and quadratic programming. 

this method warrants further discussion below. 

The popularity of 

Mean-absolute deviation analysis (EA) is a linear alternative to EV 

analysis. EA analysis defines risk as the mean absolute income d e viation 

instead of the variance of income for EV analysis. Some argue that this 

definition is less satisfactory than variance, but EA analysis is readily 

adaptable to linear programming and thus has a pragmatic appeal. 

Another alternative to EV analysis is ESV an a lysis. ESV, mean-

semivariance analysis, is used when the researcher believes that semi-

variance is a more satisfactory measure of risk than variance. Here only 

the deviations below the mean, or below some disaster level, are con-

side red. EH, mean-entropy, analysis is another alternative that uses 

entropy, or disorder, as a distribution-free measure of risk. The results 

from EH analysis are similar to EV analysis; therefore EH anlaysis is not 

used often in decision analysis. 

Anderson lists models that modify the FSD rule. These modifications 

are based on the belief that the analysis of overlapping CDF's are unim-

portant and can be ignored. Intersections in the lower tail of the CDF's 

occur so infrequently that they can be ignored. Those intersections that 



36 

occur above the mean or in the upper tails are also regarded as unim-

portant to the deEision maker and can be ignored. Anderson states thaC 

there are no theo~etical foundations for these beliefs; nonetheless they 

still have practical appeal. E-Safety methods involve the safety-first 

attitudes of decision makers, as discussed above. 

The satisficing methods complete the classification of models. Thes e 

methods use satisficing rules, as opposed to maximizing rules involving 

predetermined levels of attributes. These methods are vague and uncon-

structed; any such rules could be formulated to explain decision makers' 

behavior. While they may show significant explanatory power, their lack 

of theoretical basis limits their usefulness for formal study. 

8.2 Portfolio Analysis 

Because of its popularity with researchers, portfolio analysis war-

rants a more detailed discussion. Portfolios will differ regarding the 

assets that comprise the portfolio and the amount of investment in each 

asset. The expected return of a portfolio is the weighted average of th e 

returns from individual assets; the asset's return weighted by the propor-

tion of investment commited to that asset. 
n 

Numerically this is shown as 

R 
p 

L r x 
i=l i 

where R = return on the portfolio, 
i p 

r return on individual 
i 

asset i, x. = proportion of investment in asset i and n = number of 
l 

assets. 

Th~ ''risk'' of the portfolio is measured by the standard deviation of 

returns. The numerical calculation of risk is 

u 
2 2 

n n 
crp L x. a. + 2 L L x. x. c. a. a . 

i=l l l i=l j=l l J lj l J 

i~j 



where a 
p 

standard deviation of portfolio return, xi(j) = proportion of 
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investment in asset i(j), 
(J i ( j ) 

= standard deviation of returns of asse t 

and c = c9rr e lation of returns for a ssets i a nd j . 
ij 

i ( j ) ' Portfolio risk 

is a function of the proportions of investment, the variances of asset 

returns (first term under the radical), and the covariances of ass e t 

returns (second term under the radical). 

The expected return and the standard deviation of a s e t of portfolios 

are plotted on a graph as shown in Figure 4. 

Based on the r e lationships in the figure, portfolio B is superior to 

portfolios A and C for a risk averse decision maker. Portfolios B and A 

experience the same risk, but B has the higher return. Similarly port-

folios B and C have the s a me e xpe cted returns, but portfolio C h a s th e 

higher risk. The set of "efficient" portfolios are those that maximize 

return for a given risk l e v e l or minimize risk fo r a given level of 

return. Connecting the poi n ts repres e nting th es e effici e nt portfolios 

yields an efficient frontier. This effici e nt frontier (EV set), shown in 

Figur e 5, is positiv e ly slop e d, indic a tin g incr ea sin g returns ar e 

achi e v e d only with a dded risk. 

Some writin g s includ e a risk-fre e ass e t to show the possibl e gains in 

risk efficiency, and the implications for the financi a l structur e of the 

portfolio. In Fig ur e 6 a risk-free a sset is shown a s RF, yi e lding 

return RF and zero risk. Point M represents a portfolio on the effici e nt 

frontier. Combi n i n g the risk-free ass e t with thos e assets in portfolio M 

yields a n e xtend e d effici e nt s e t MRF. Points to th e right of M on lin e MR 

represent portfolios th a t can be obtained if the investor borrows mon e y at 

the risk-free rat e RF and inv e sts in portfolio M. If no borrowing is 

allowed, the efficient fronti e r is the line RFME . 
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Figure 6. Efficiency Frontier Including a Risk-Free Asset 
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Suppose borrowing and lending were both allowed, but at differing 

rates. Figure 7 shows lending at rate RF and borrowing at rate RF' 

both risk free. ~ending activities involve positive holdings of the risk-

free asset and borrowing represents negative holdings of the risk-free 

asset, both in connection with the holdings of portfolios Mand N, re-

spectively, on the efficient frontier. In this case the efficient fron-

tier becomes R MNR 
F F 

Once the efficient frontier is determined, the analysis expands to 

account for the decision maker's indifference curves. These curves 

(Figure 3) depict the decision maker's preferences. All points along an 

indifference curve are equal in preference and a more preferred point lies 

above and to the right of another (I preferred to I ). 
2 1 

The indifference curves of Figure 3 are combined with the efficient 

frontier to indicate the optimal portfolio. Th e optimal portfolio is 

represented by the tangency point between an ind i fference curve and the 

efficient frontier, as shown by point M in Figur e 3. Including a risk-

free asset enables the investor to r eac h a higher indifference curve 

through lending or borrowing. This is shown in Figur e 9. 

9 Shifting the EV Frontier 

Robison and Barry examined how an optimal portfolio will change as 

decision makers alter their level of risk aversion or are subject to 

circumstances which may cause a shift in the efficient frontier. Shifts 

in the efficient set are caus e d by changes in the return of a risk-free 

asset, changes in the means or variances of returns on risky assets, and 

changes in beginning wealth position. Shifts in the EV set can be paral-
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lel or nonparallel, and nonparallel shifts can be either positive or 

negative. 
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Robison and 'Barry state, "Parallel shifts of the EV set are caused by 

changes in the decision maker's initial wealth." By adding wealth, the 

expected returns for each asset in the EV set are increased by equal 

amounts while the variances remain unchanged. For a parallel shift, the 

slope of the new EV set is the same as the slope of the old set at the 

same level of variance. 

Robison and Barry describe positive and negative nonparallel shifts 

as, "A negative (positive), nonparallel shift in the EV set occurs if 

lines drawn tangent to the EV sets at points of equal variance form a 

smaller (larger) angle of inclination with the abscessa, the axis mea-

suring expected wealth." (In their work they sketch the EV set on a graph 

where variance, used as the risk indicator, is me asured on the vertical 

axis and wealth is measured on the horizontal axis.) Changes in the 

distribution of returns on risky assets, either expected return or vari-

ance of returns, will cause these nonparallel shifts. A nonparallel shift 

could result from a change in the return on the risk-free asset. Th ese 

shifts will differ in that the change affecting the risk-free asset will 

change the point at which the EV set int e rsects the wealth axis wh e reas a 

change in the distribution of risky assets will leave this point of int er-

section unchanged. If th e expected return of a risky asset were increased 

with no change in the variance, then any portfolio containing this asset 

would experience increasing returns, the same variance, and the EV s e t 

would shift to the right. A similar shift would occur if the expected 

return was held constant but the variance was reduced. 



Changes in the portfolio holdings and therefore changes in the EV 

frontier can be divided conceptually into two components: income effect 
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and substitution effect. The parallel shift of the EV frontier described 

earlier is considered the income effect of a change in demand for a gi~en 

portfolio. In this analysis, prices of assets are considered random 

variables with their distribution remaining constant as risk-free wealth 

increases. Therefore the income effect results from increasing the risk-

free wealth position of the decision maker. Cass and Stiglitz have stated 

a theorem relating the income effect and absolute risk aversion measures: 

if there are two assets, one risky and one safe, total purchases of the 

risky asset increase, remain constant, or decrease with increases in 

initial as absolute risk aversion decreases, remains constant, or in-

creases. Robison and Barry define the substitution effect as "the change 

in quantity demanded resulting from a change in the probability distribu

tion of prices after compensating the decision ma ker for a change in risk-

free income. They summarize this concept as follows: "Any change in the 

quantity of risky assets that occurs while holding the equilibrium slope 

of the EV frontier constant is due entirely to the substitution effect. 

Any change in the quantity of risky assets that occurs when the slope 

changes is due entirely to the income effect." 

Robison and Barry also presented this discussion graphically. In 

Figure 10 the original EV frontier is shown as curve 1. Let the initial 

equilibrium be at point A. The frontier then undergoes a negative, non-

parallel shift to the right; the new equilibrium is point D. To determine 

how much of the change is caused by the substitution effect, the new 

frontier, curve 2, is shifted to the left until tangent with line BC, 

which approximates the decision maker's indifference curve. Curve J shows 

• 

• 
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the position of curve 2 after the shift; the tangency point is at E. The 

substitution effect is determined by / the difference in quantity of assets 

in the portfolios·· A and E. The income effect shows the change in assets 

as the portfolio moves from E to D. 

Shifts in the EV frontier and changes in equilibrium slopes hav e the 

following effects on the return and variance of the portfolio held. Par-

allel shifts on the frontier will cause the equilibrium variance to in

crease, remain constant, or decrease if the decision maker exhibits de-

creasing, constant, or increasing absolute risk aversion. If the shift 

of the frontier is a negative nonparallel shift to the right, then the 

portfolio wealth and variance increase for constant or decreasing absolute 

risk aversion. Positive nonparallel shifts to the right result in de-

creasing portfolio variance if there is constant or increasing absolute 

risk aversion. Similar statements can be made i f the shift is to th e 

l e ft. It is possible to determine the effects o f shifts in the EV fron-

tier on the holdings of individual assets. This determination requires 

more rigorous mathematical derivation and therefore is not included h e re. 

If such is of interest, the reader is referred to Robison. 

This paper has not attempted to provide a comprehensive review of 

all studies of risk and risk management in agricultur e . Rather, the 

object was to present the basic ideas and theoretical foundations on which 

most risk studies have been constructed. 

• 

• 
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