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Jor restrictive assumptions about the functional form associated with
the E-V approach. SDRF permits the om‘ermg af risky decision
options for Ds whose absolute risk aversion funetions fall within
the specified lower and wpper bounds. However, SDRF cannot be
used directly in a programming objective function. UEP and SDRF,
both based on the SEU hypothesis, are evaluated for equivalence
using a Monte-Carlo programming approach applying a negative
exponential utility function.

Introduction

The many different motives of farming decision makers complicate the choice
between existing feasible alternatives for agricultural producers and  mukes
formalisation of decision making techniques that much more cumbrous. These
motivational differences between farmers, coupled with the uncertainty associated
with the production environment as well as the inherent difficulty in eliciting farmers
utility functions, have made it difficult to put forward a wholly satisfactory approach
to selecting the plan option that maximises farmer (farm-family) utility amongst a set
of risky farm plans. Many of these models are destgned o reproduce decision maker

* Baper presented ar the 38th At Conforeice af the Australian Agriculiral Economics Soctety.
Feltrwary 7-11, 1994, Vicroria University, Welington, New Zealand,
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{DM) beliefs about possible outcomes encoded as their probabilities, as well as the
DM's attitude to risk. ‘

Methods of stochastic ¢fficiency (SE) analysis ean be used to partition 4 set of pre-
specified risky prospects, such as alternative farm plans, into efficient and ‘dominatcd”
sub-sets. There should then be no farm plan ouiside the efficient sct which would be
preferred by the farmer(s) in question, However, most SE rules provide for the
analysis of pre-specified alternatives and, with the exception of a few of the jess
sutisfactory rules, there is no means by which the SE methods can be used to generate
farm plans. By contrast, mathematical programming (MP) models used for farm
planning generate an ‘optimal' plan, for a specified objective function. Using
paramelric procedures, two or more goals can be incorporated into the model and the
‘efficient’ set of solutions, in terms of the possible trade-offs between these goals can
be obtained.

Using such parametric methods of MP, a number of approaches to generate risk-
efficient farm plans have been proposed, such as expected valve-variance (B-V),

- minimisation of tawat absolute deviation (MOTAD), Target-MOTAD and mean-Gini
programming (see Hardaker et al, 1991, Whitmore 1970; Hazell 1971; Anderson
1975; Anderson ot al. 1977, Yizhaki 1982 and Tauer 1983 for a review of these
models), Some of these methods produce plans that are members of the efficient sets
in terms of particular SE rules. However, Patten, Hardaker and Pannell (1988) have
argued that the ‘utility-efficient programming’ {UEP), effectively a reformulation of
the Lambert and McCarl (1985) approach, has some important advantages over these
methods,

Utility-Efficient Programming (UER)

According to Patten et al. (1988), employing UEP allows identification of an efficient
set of farm plans which includes all potentially farmer-selectable options. That 1s,
plans in the identified efficient set dominate those not within the set and henee, no
member of the target group of decision makers under consideration could possibly
prefer any plan outside the efficient set.

An attractionr of UEP is the elimination of the need to assume that the farm income (or
ather outeome of interest) 1s normally distributed or that deeision makers of interest
exhibit increasing absolute risk aversion as with quadratic risk programming (QRP).
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Compared with QRP, utility-efficient solutions are superior as a basis of choice of
furm plans (Putten et al. 1988), '

Obtaiping the efficient sot of plans must necessarily involve the use of a utility
function (or an approximation thercof) which is consistent with farmer preferences.
Pratt (1964), has shown that the coefficient of absolute risk aversion, Iy Uniquely
represents the preferences of a decision maker and consequently, a restrietion on Yu
should correspond to o restriction on DM preferences (Meyer 1977a,b). Such
restriction of the DMs absolute aversion 1o risk formis the basis of both SDRIF and
UEP. Utility efficient programming utilises both a defined wiility function and @
restriction of the absolute risk aversion to represent DM pmimnm which effectively
serves to further narrosw the efficient set,

The more stringent choice eriterion of UEP implies the least ehance of excluding the
most preferred plan. Where no wtility function can be clicited or identified, a
parametric programmi=y 7 el pmuvides a few thle aption for obtaining efficient farm
plans that have the ‘nest probability' of includin, the farm plan fwithin the efficient
set) that is most likely to be the most preferred by the individual DM. Within a
defined range of risk aversion therefore, it is possible to obtain a limited set of
optimum farm plans consistent with farmer preferences,

The UEP technique, as originally proposed, depends on the definition of a separable
utility Fapetion of the form

U =Fz) + BG(z) -
such that the variation of the § parameter may ke interpreted as risk preference
variation, The model is defined as:

max B(U) = pFa) + Plp'Gizy) 2
subject to
Axsb
Cr-lz=ufl
dnd x 20
where

Fand G = appropriate functions of total net revenue (z};
B =wnsk preference vanmtion;

p = vector of state probabiliues:

A = matrix of teehnical coefficients;

x = veetor of deciston vanables,

b= vector of RUS coelficients;

C = matrx of nctivity expected revenues:
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ix;
e-wise vectoroferdierion funetion;
tor-of ones;

Although the sumex function (Schlaifer 1971) was emphasised by Patten et al.. they
also provide an appendix of other suitable forms of utility functions that may be used
for UEP. The use of a non-restrictive function such as the recently proposed Expo-
Power (Saha 1993) is also a possibility.

Stochastic Dominance with Respect to a Function (SDRF)

The method of generalised stochastic dominance or stochastie dominance with respeet
to a function (SDRF} combines the use of a measure of decision maker preference
interval (absolute risk aversion) with a stochastic dominance criterion and has been
suggested (King and Robison 1981, Robison and Barry 1987) to be superior to single-
valued utility functions or first-order stochastic dominance (FSD) and second-order
stechastic dominance (SSD} for assessing risky prosprets. The decision maker's risk
preference is defined by upper and lower bounds on the absolute risk aversion
coefficient (Pratt 1964). In formal terms, SDRF is a criterion that defines the
necessary and sufficient conditions for the distribution of outcomes defined by a
cumulative distribution function, A(y), to be preferred to that defined by another
cunlative distribution function, B(y), by decision makers with absolute risk-aversion
functions that lie between explicitly defined lower (r,) and upper (r,) bounds (Meyer
1977h; King and Robison 1981). SDRF cun be used effectively fo eliminate a large
number of choices from consideration in comparison to the fundamental SE
approuches of FSD and SSD (Hanoch and Levy 1969). SDRF achieves a higher
diseriminatory power than other SE criteria through the introduction of bounds on the
absolute risk aversion coefficient. In so doing, of course, it 1s implicit that the results
are valid only for DMs whose risk aversion falls within the set bounds.

For SDRF, upper and lower (r, and r,) bounds are defined for ry, the coefficient of
absolute risk aversion, such that ,

< ¥y STy

The absolute risk aversion, r, (v}, may be represented by the Pratt/Arrow relationship;
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where,
wy) = first ¢
w'y) = second

fargenstein utility function, u(y); and
unction.

rivative of the Neumang
lerivative of the same:

Risk preference is indicated by the degree of convexity or concavity of u(y). However,
it follows from the axioms of utility theory that this fatter funetion is defined only up
to & positive linear transformation. The absolute risk aversion funetion is the simplest
measure of curvatire that remaing constant Tor such a transformation, 1t therefore
provides aunique and consistent indiation of the risk attitude of the decision maker «
whether risk-preferring or risk-averse,

The solution procedure for SDRE, according to Meyer (1977a), involves the
identification of some wtility function u,(y) which minimises

I 1Beyy- Al (xdy )

subject to
rps a(yiyl S ray) (for all individuals)

Equation 4 may be interpreted as the difference hetween the expeeted utilities of
ovicome cumulative distributions A(y) and B(y). For a defined group of DMs for
whom the minimum value of this difference is positive, A(y) would always be
preferred to B(y) since the expected utility of A(y) is always greater than that of B( ¥
A minimum difference of zero implies indifference between A(y) and B(y). A negative
minimum difference indicates A(y) cannot always be preferred to B(y). Thus,

f; [A(Y) = BODI (0)dy 51
is alternatively minimised to determine whether B(y) would always be preferred to
Aly). Another negative minimum difference for this formulation would suggest that
neither A(y) nor By is always a preferred choice of the DMs under consideration,
Meyer (1977a) demonstrates how 1o find the pecessary and suffictent conditions for
some disiribution B(y) to be preferred or indifferent to anather distribution, At v} for
given group of DMs.

King and Robison (1981) provide a feasible procedure for eliciting the upper and
lower bounds of the nisk aversion funcuon which is seemingly easier than attempting
clicitation of a utility function. For the purposes of this paper however, the upper and
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lower bounds of the risk aversion function are setat 1 x 10" and 1 x 10°¢ respectively,
following Patten et al.

As noted by Lin and Chang (1978), the properties of absolute risk aversion functions
derived from estimated utility functions are determined by the funetional form, The
attraction of the SDRF approach is that risky alternatives can be ranked without the
necessity for a detailed knowledge of DM preferences. As an efficiency eriterion
however, SDRF is yet (o be incorporated into standard MP models,

Empirical Evaluation

Whilst Patten et al. opted to use a separable, sumex-type wtility function, here in
contrast a nen-separable negative exponential utility function is used, given by:

Uty) = 1 < exp-(r,+Md)z, for0g A <1 {6)

wlhiere
2, = total net revenue for state &;
ry = upper bound of risk-aversion function;
d = difference between lower and upper bound (ry - r)) of risk-aversion
function;
A =non-negative measure of risk-aversion,

This functional form exhibits constant absolute risk aversion as income, z, increases
and allows variation of r, between r, and r, as the parameter, A is varied. Instead of
using linear approximation of the function {Duloy and Norton 1975; Pauen et al.
1988}, the solution procedure adopted is the use of non-linear programming with
stepwise variation of .

Far the UEP approach, the problem is formulated as a mathematical programming
problem of the form:

max EfUf=Zpf 1 - exp-(r,+Adjz, | G
subyect 1o
FAE T fork=1,2 K
Argd

and x20
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where : .
A = yeetor of input-ontput coefficients;
g = total net revenue for ﬁmte k

A = not-negative parai ‘
b=veetor of RHS values (remmmma %
ne = prabability of state £ (subjectively nssossed);
xe=yveetorof aetivity fevels;

¢y = fetivity net revenue veetor for state &

The example problen in Hardaker (1979) is adapted for the purposes of this paper,
The indicated problem is one of choice between five activities (wheat, barley, seed
grass, potatoes und pigs) subject to-eight constraints (land, cereal, wheat, potitoes and
pig limits and labour availability aver three periods). Details of these activities und
constraints are given in Table 1. The vector of activity net revenues over four states of
nature (each considered to be equally Tikely) are provided in Table 2. The formulation
wits solved using MINOS-5 (Murtagh and Saunders 1988}, a non-lincar, non-
parametric algorithm, with stepwise variation of the measure of risk aversion, A.

UEP Results

With the assumption that the vector of activity net revenues representing the five
activities given in Table 2 are equatly likely 1o ocenr (probability of 0.25) and the
further assumption that the negative exponential utility function described by equation
G closely approximates DM preferences, the utility-efficient set of Farm plans for
selected values of the parameter, & are provided in ‘Table 3. For parameter values
above 0.7, there was no sigoificant change in the farm plans oblained. This result
occurs because, in this case with a simplistic model, the wility maximising solution
for a range of Jower values of r,, is the same as for the maximisation of wial expected
net reventie, Le., the risk-indifferent solution.
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 Table 1: Problen Matrix

Activity
e ; | 1 {irass | ]
Uit | RUS | Sign | Wheat | Barley | Seed | Potatoes | Pigs

S S O
1 Lt |
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g
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"
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Land Atea | _ha | 150
LimitCerenls | _ha | 1

: .

=N =

CLimitWheat | _ha | 1
Limit Potatoes ha | 20 1

Limit Pigs  head 30
Labour Period | h | 500
Labour Period 11 h 550
_Labour Period III_{ b | 450

10
0
25

2 VIS (VO EXO VI IV
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o
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Table 2: Vector of Activity Net Revenues, $/unit

Activity

Srate Wheat Barley 1 Grass Seed Lotatoes Pigs

— ha _ha » ha ; ha head
! _....200 170 300 600 120
250 230 500 350 | 190
270 200 100 1050 140
300 260 _ 250 800 ‘ 160
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‘Botween risk aversion values of 0 *3 and 0.65, thare was significant variation in the
activity levels included in the utility-efficient production strategies. Surprisingly,
despite o mueh lower standard deviation of its expected net revenue than cither
potataes or pigs, which were consistently included in the utility-efficient solutions and
the strang positive covariance between wheat and pig expected net revenues. The
1inclusion of barley and pigs tended to decline with increasing risk aversion values,
The converse was true for grass seed, and also for potatoes which has the highest net
revenue variance. Not surprising was the inclusion of high levels of barley and pigs at
low values because of the lower net revenue standard deviations of both these
activities. Such a strategy would be one favoured by the more risk averse farmer with
consequent lower expeeted total net revenue, Decreasing aversion to risk as measured
by inereasing A levels, resulted in the inclusion of the relatively more 'risky’ activities,
potatoes and grass seed, Expected net revenue increased with increasing risk aversion
up to a maximunt (optimum) of $51682 at a level of risk aversion cqual to.0.7,

Table 3: UEP solution for selected risk aversion valu s

Activity levols

Lamda “Whent | Barley | Grass Seed | Dofatoes Pigs | Bxpected Total
value thay 1 (hay (ha) (w) | (head) | Net Revenue ($)
0.00 0:.00 75.02 62.93 1207} a7 48256.75
005 000 73.35 64.47 | 12.18 36 48327 48
0.10 0.00 7112 66.65 12.35 35 4R465.68
0.15 0.00 68.87 68.64 12,50 M 4854010
0.20 0.00 66.09 71.25 12.68 33 48664.75
0.35 0.00 55.37 81.21 13.42 30 A9151.28
0.45 0.00 44.74 91.11 ERTI T 4964143
55 (.00 29.14 105.63 15.23 20 5034930
0.65 0.00 4.5% | 28.57 16.93 11 51498.43
070 ) 000 0.00 13276 17.24 10 51682.00
140 (.00 0.00 132.76 17.24 10 S1682.00
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Monte Carlo Programming

In order to evaluate the UE propramming results in a risk-efficiency context, another
method of gencrating an unconstrained set of feasible plans was needed, A Monte
Carlo programming (MCP) approach (Anderson 1975, 1976) was used. An Bxcel
spreadsheet was developed to determine af random both the order of selection and the
levels of activities in the same planning matrix as shown in Table 1.

In order to attain proper comparability with the MP resulls, some of the potential
advantages of MCP, such as the ready facility to allow lor integer constraints, were
not made use of,

A total of 100 farm plans were generated and evaluated in terms of the returns under
each of the four states of nature, as indicated in Table 4,

SDRF Results

The SDRF criterion was appliec. to the farm plans generated from 100 Monte Carlo
(MC) simulations (0 £ A < 1, Table 4) and the utility-efficient strategies of UEP using
generalised stochastic domipance algorithm, MAIN, described by Raskin and Cochran
(1986). The range for the coefficient of absolute risk aversion was sef as the same as
for the UE programming. None of the utility-efficient solutions within the defined
bounds of rick aversion was dominated by the MC plans, although several of the latter
were included within the efficient sel of strategies. This result is as expected and is
evidence in support of the proposition that UEP generates a set of plans that are
indeed SDRF,
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Table 4 (cont'd)
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? Rounded to integer values.

Conclusion

Risky decision analysis in agricultural production has, to a large extent, suffered from
analytical techniques inconsisient with actual DM preference  structures and
cumbersome computational processes. As observed by Patten et al., the objective of
any programming approach in nisky farm planning, should be the identification of the
smallest set of farm plans which includes the utility maximising plan.
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Young et al. (1979) have mfemd that charsges in abjecti\*atm information and atiitudes
could make a DMs risk aversion coelficient an elusive moving target. Love and
Robison (1984) demonstrated however, that for incomes close to those typically
-cxpememeﬁ by individuals, risk preferences are rather stable. Wilson and Eidman
(1983) also concluded after studying Minnesota swine farmers, that majority of DMs
fall within a relatively nurrow band of risk aversion space. By implication, risky
decision approaches, such as UEP and SDRF, using measures of individual risk
 preferences to derive efficient plans, are plausible,

The implicit ‘hypothesis' that governed this evaluation was that if the SDRF eriterion
performed as proposed by Meyer (1977a,b), then the algebraic form of the utility
functio. should be of no consequence in UEP formulations over a specified range of
absolute risk aversion. This would appear to have been proven to be the case for the
specific example considered.

Finully, the simple evaluation pursued here would appear to suggest that both
approaches of SDRF and UEP may be regarded as equivalent in the results obtained.
UEP has the advantage however, of producing utility efficient strategies that are
SDRF rather than just stochastically dominant plans that may not necessarily be
efficient. Such a conclusion however, still remains tentative until more rigorous
comparisons can be made using more comprehensive examples and a variety of
algebraic formulations of the ntility function. Scope for further work includes 1)
theoretical proof of the refationship between UEP and SDRF; 2) broader comparisun
between the results of UEP and those from such other approaches as MOTAD, Target-
MOTAD, QRP and mean-Gini programming,
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