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The widespread variability in farm prices during recent years has heightened thé-pom
tential risks corn producers face., In an attempt to en]arge the farmer' s control over
the price he or she receives new and more complex market1ng strategies have been deve?opad
A skillfully implemented marketing strategy can augment the returns to a farmer's 0perat1on
Producers realize the potential gains from spec1f1c marketing techniques, but doubts

“arise about alternative strategies. Questionsi such as which strategy generates the.most :

net revenﬁe and'which is least risky, abound.’ Researéh has been conducted to answer such
gueries.

In the past mean-variance(E-=V) ana1ysi§ was the most common criterion used to rank
risky marketing strategies for a parti¢u1ar producer. However, E-V¥ analysis has sevevaT
theoretical and empirical limitations. The purpose of this study is to contrast E-V analy-
sis with a recently derived decision making technique called stochastic dominance. The
oridnary and general forms of stochastic dominance will be discussed. The results of
research in which corn marketing strategies were evaluated using stochastic dominance will
he presented.

Mean-Yariance Analysis

Mean-variance analysis or portfolio selection theory was formuTated by Markowitz (1959);
To use E-V either a quadratic utility function must be assumed or the probability distribu-
tion of the returns to the activity in question must be normal, If either assumption is
validated, a quadratic program can be jmplemented to derive an efficient set of risky stra-
tegies that have minimum risk{variance) for given levels of expected return.

The applicability of the guadratic utility function has been denounced by Kenneth
Arrow and John Hicks(2 The quadratic function fails to meet the instinctive requirement
of decreasing risk aversion with increasing wealth. |

The assumption of a normal distribution of the returns of a risky harketing strategy
is not reaiistic.S Corn prices and hence returns are not normally distributed or symmetric.
'The Farm Act of 1981 places a lower bound on the price of corn, reducing the probability

of a Tow income event.
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Ord1nary Stochast1c Dominance

In Tieu of the restrictive character1st1cs of E=V ana1ys1s researche?g deVe]oped an
efficiency criterion which orders risky strateg1es given genera] restr1ct10ns on the dec1—
sion makers preferences. Quirk and Saposnik(1962) and F1shburn(1964) were the f1rst to
elaborate and formalize the efficiency criterion ]abe11ed ord1nary stochast1c dom1nance

The first formal efficiency criterion using ord1nary stochast1c dom1nance Was f1rst«

degree stochastic dominance{FSD). The criterion rests on one of. Bernou1]1 s more’ reason»"
able utility principles; more is preferred to less, -Th1s is nothing more than the assump«' :
tion of a monotonically 1ncreasing_ut1]1ty function, wherein the first derfvative is posi- : %
tive(i.e., U'(X)>0). |

" To eXpTain the stochastic'dominance criteria, terminoiogy needs to.bé introduced.
Let f and ¢ denote the probabiiity distribution of returhs (?i) for two fisky strategies,
and Tet F1(R1) and G1(Ri) be the respective cunulative distributioh functions,l Then

| F](R) = I.Zf(r)dr for all r. |

Prospect f is said to dominate prospect g in the sense of FSD, if and onTy if F1(R)£G](R)
for a]] possible R in the range of r with at least one strong 1nequa11ty,

Second degree stochastic doanance(SSD) was formulated independently by Fishburn(1964),
.Hanoch and Levy(1969), and Hadar and Russe11(1969). Second degree stochastic dominance
eliminates dominated prospects from the FSD efficient set. The SSD criterion is based on
the assumption that the decision maker is risk averse. This implies that the individual's
utility function belongs to the class that exhibits positive but decreasing marginal |
ut111ty(1 e., U](X) >0 and UT](X)<0)

IRZF](R)dR for all R.

k2
The d1str1but1on F (R) is said to dominate GZ(R)’ in the sense of SSD, if and only if

The SSD cumulative FZ(R) for strategy f is defined as FZ(R)

F (R)<GZ(R) for all possible R with at Teast one strong inequality.
Whitmore(1970) initiated the development of a further criterion called third-degree
stochastic dominance(TSD). Third-degree stochastic dominance rests on the further
assumption that the third derivative of the individual's uti]fiy funétion is everywhere

positive.
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{i.e., U](X)>0,U1](X)<0, and Gll(x)>cn. This assumption is a necessary, but not sufficient,G 

condition to suggest that the individual displays decreasing absolute risk aversion as
wealth increases.

The TSD cumulative function F3(R) is based on the arearunder the SSD cumulative funé—
tion F,(R); B - |
FalR) = ! 2F,(R)dR for all R |
Risky prospect f dominates risky prospebt g, in the sense of TSD, if and only if
F3(R)§ﬁ3(R) for all possible R with at Teast one strong inequality, and F3(M)3G3(M), whare
M is the upper limit of the defined domain.

Hadar and Russelhgsg) argue that the use of either FSD or SSD is superior to E-V
analysis. The FSD and 53D conditions convey information which is more essential to the
orderability of uncertain prospects than that obtained from the comparison of _rnoments.,4

Violations of the restrictions placed on an individual's utility function under FSD
or SSD are a rare occurance, HMost individuals have increasing utility and are risk
avér'se.5 The ordering conditions for TSD may be violated in more frequent cases.

The stochastic dominance criteria do not require elicitation of a decision maker's
preferences. Only a specified set of conditions must be satisfied for the criteria to
be effective.

The major reservations expressed concerning stochastic dominance is the lack of an
optimizing algorithm. To assure the selection of the optimal portfolio of strategies a
great number of prospect combinations must be tested,

general Stochastic Dominance

In 1977 Meyer developed an interesting extension of stochastic dominance criteria.
teyer's method, referred to as stochastic dominance with respect to a function(SD{k)),
allows a researcher to perceive a decision maker's selection between a pair of risky pros-
pects knowing only a lower and upper bound on his absolute measure of risk aversion.

Meyer incorporated Pratt's coefficient(r{x)) to deliniate the range of risk aversion.

An optimal control program provides the procedure for determining the ordering between a
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particular pair of risky strategies for a given set of decision makers., Rifferent groups
of decision makers cén be considered by varying the bounds of the absolute risk aversion.

coefficient(r1(x),rz(x)).

Comparison of Corn Marketing Strategies Usiqg

Stochastjc NDominance Criteria

The stochastic dominance criteria of FSD, SSD, TSD, and SD(k) can be used by corn
producers to order risky marketing strétegiesw To i1lustrate the value of these criteria
corn marketing strategies will be ordered. Two sets of marketing strategies were analyzed.
The first group included eleven prospects and was taken from Sogn, Vollmers, and Baatz
(1981)36 Returns to cash and hedging stfategiés were ca]éu?ated for South Dakota farmers
with the use of South Dakota cash prices and marketing costs. The étrategies and their
distributions of generated net returns are provided in Tabie I.

The second set of risky strategies evaluated was developed by Kenyon and Cooper(iQSO).7
Kenyon and Cooper analyzed the performance of Fifteen technical and fundamental pricing
strategies instituted over the growing season for the 1970-1978 period. Returns wevre
calculated for‘Virginia farmers using Yirginia cash prices and marketing costs. The pros=
pects and their distributions of generated net prices are provided in Table II.

The two sets of alternative marketing strategies were formulated into E~Y, FSD, S350,
and TSD efficient sets. To facilitate the contrast of the four criteria, efficient frontiers
were derived for the two groups of marketing strategies. The frontiers for the South
Dakota and Virginia pricing strategies appear in figure 1 and Z, respectively.

The number of alternatives in each efficient set ordered from the marketing strategies
are presented in Table III.

Table 111

Number of Strategies in Each Efficient Set

Fiqure Total Strategies FSD  -SSD TSD BV

1 11 8 5. 4 4
2 15 5 1 ' 2
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FIGURE 1 F-V, FSD, S5D, and TSD Efficient Sets - Returns from Marketing Strategles
(From Sogn, Vellmers, and Baatz {(South Dakota, 1981)) :
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FIGURE 2 F-V, FSD; SSh, and TSD Efficient Sets - Returns from Marketing Strategles
(From Kenyon and Cooper (Virginia, 1980))

Variance

$ .21
20
. 1
.19 | | (1
.18
-17 2 '3
16| -

.15

.14 9

13 " 12 [

, : T 1

.11 0-

.10
.09 E 8 e
.08 . 6 7 %10
.07 *
.06 ici i
E-Y efficient frontleﬁwﬂwwﬁwl3ﬂﬂ_gﬂ

& I I Pt
- DA i R s 27
L 1 g | H 1 | l | E

2.15 2.20 2.25 2.30 2.35 2.40 2,45 2.50 2.5

o= E-V /A = SSD : _ Returns $
[}= FSD (0= 18D |

(1)



.These resu1ts confirm several expectations concern1ng stochast1c dom1nance and E=V
o ana1ys1s. _Flrst, the. FSDCrltErlon is relatively 1neffect1ve in reduc1ng ‘the orlg1na1
'sample to a manageab]e set “Second, in both studies the E-V efficient set. contained

_strateg1es that were e11m1nated by SSD.. Under S5D, a South Dakota corn farmer wou]d

. sse]ect strategy 65 3, or 11 before selecting E-V efficient strategy 4 or 9, In V1rngta'
_ strategy 15.4s the optimal pr1c1ng technxque under SSD, while both strategy 13 and 15 '

'-‘were E- V eff1c1ent. It is ev1dent that the E V criterion can err in ordering rasky
prospects for r1sk averse 1nd1v1dua1s F1na11y, in some instances the E-V eff1c1ent
i set may be sma]]er than the SSh group but the SSD criterion must st111 be preferred
fSecond degree stochast1c domlnance eliminates a su1tab1e number of risky strategies to
fac111tate evaluat10n and does not possess the 11m1tat1ons inherent to E-V analysis.

Meyer E SD(k) cr1ter1on can be used to order r1sky prospects for groups of decision
makers defined by upper and lower bounds on thelr risk preference coefficient r(x)., In
this. study four intervals of risk coeff1c1ents( (x) ,2( x)) were used to evaluate the two
sets of corn marketing strategies. The 1nterva1s of risk coeff1c1ents(r {(),r (x) were -
‘subjective1y set at (-1,9), (0,.05), (.05,1), and (1,2). A computer program was incor-
porated to make multiple cemparisons of the probabiTity'distributionfef returns from the
strategies using SD(k) for each of the four intervals of risk_coefficients (r(x),rz(x))?
The results generated from the Sogn, Yollmers, and Baatz study and the Kenyon and Cooper
paper are displayed in Tables A and B, respectively. | |

A decision maker whose risk preference coefficient Talls between -1 and 0 would dis-
play risk loving tendencies(i.e.,U%x)>gsul%x)so)_A risk preference coefficient above zero

T(X)>0, U11(X)<0). The more positive the

would indicate a risk averse individual(i.e., U
risk coefficient the stronger is the decision makers aversion toward risk.

The results of the multiple comparisons made using SD(k) under different levels of
risk preference can be illustrated by scrutinizing Table A. ~ For example, Table A.1l. |
shows the dominating strateg1es chosen for a risk Yoving individual. Strategy 10 (sell

December futures, 1/3 last week in June, 1/3 mid- August and 1/3 first week 1n November;

(8)



b ORI TR C - SR SUNREE SGR U O e
L= L TR S R - R R B S T S
i Cb ; P S T T ¢ B b=
[ S o I S R ¢ L i .0
§ L. Pl vk T to L L
0 AT GRS S S L R S
L= Q. pree b b ke R o L= A=
L L0 o moben b Q. Lo
N R i S S ! o o i=
b b T SR S R S ¢ I =
L 1 b o L=l L v { b _
YRR+ YRR - SRR - R A g G - ¢ .2 L
e B fFaaeils
T F{x 3
! P T S AR S e
=t T T R L S -
A ; [ LA F S © S e R T
] [ oo l=-- 0 -0 Tk oo
B AR L v L L s i L t
1 L o. o - Tt = 0 o v
0 b 0 R I A S s B S
i i L L 0 | AL 8 L &
i 1 - - i= 1= O 0 i : ¢ o=
L L 0.0 = 0 i 1= O ¢
€ L l ¢ L= 0 0 o8 b o

g ¢ £ T oL
AFajeais

[=a]
-

1L oL . 6

| 3 ()T F60°

{6y

hwmpﬁwpm.mﬁuaphmkxwpﬁﬂﬂEOG
) £Faq8I9S STOTLISA
£92q8a18. 9TOTHISA PUE,

_ m” Lt b= L=
- L= . C e pe=
5 b L 1=
M { L t _
e L b 1 1
. m_ L L i L
| 1 Ll i
m | t ! £
: L. | = L=
[ t L 1 i
L L I 1 o
Adazel1s:
[ Ot 6 2
7 0"

Lt i = =
ol - - -
b4 ¢ T i
e t L v
; L L o
) : L : ;
ks i t ol L
< t L i- et
¢ ; e ! :
i t L L=
LZa3erls
b oL 6 8
£°c 0

oL L=
f= 1=
i= Lo
L= =

L

_.l
b= b
L .
L= L=
1= L=
A

s ]

FiEM FO

..' -
i .
[l

P = -
. 1
- -
H .
- e
4 L
= L

“(1g6[) zewed pue ‘sIsWITOA ‘udog UL paqaodad aJom S9TESYBILG SE3L
*}STY DIBMOL SSOUSISISId FURIRIFTd J2pU]
soTdeqealg SULISHIBH WIOH JO guostaedmo)

ucIound B O poadssy UYJTM SOUBUTMOJ OTISBUD0IS

V H14VL

L=

—.Iu
Wlu

1=

FB-.
b
e
L=
L=
L=

L=
WI

[

<

b L=
p= L=

b L=

Lo
L .
L {
Lo L=
SRR
=

i -

£3ajerys

g=
L=

L=

J0u £30D £3aqBI%8 TEAUORTAON T—
mwpmqﬁanc.hmwpﬁnpm.H@Pﬂomﬁnoﬂqﬂuy‘
TBUOZTION udanqeq JUSIBIFIPUT G

A
S

O N D TR0 O

A
b,
o
Rl
1
H
42
o}



o i e T e e e g R g e e

—r——

g1

Aod _
hmmﬁmhpm mﬁuﬁnﬁmb mﬁdeEO@ 10U S30P- £FoqBags ,mmu,noN.n.Hos T

£R59BI1E OTOTISA S21BUTLOP £3sn8a98 Te3uoZTL00 T

—— e = e e

*(0g6T)

zedoop) pue uciusy UT PIIO0

dos oIom S9T3oqBJIIG 983U

f¥oqBIq8 9TOTRISA DUE: H,mﬁmou.n,aoﬂ usemRyeq JUSISIITPUL O

T T T o Sl S S St L o 13 >
S T A SR O N AN U LI C N L %1 ) - :
Bl i Y S il Sl i st S I gt T e v ol S SR S AU S &
P O SERY TR St TR S g S b 2t ¢ T T T S e i S S S S ai
ST L S R T Y i Sl S e il oo R N SR L i i S £l
R RN C O i i L S i i S S & oot R T T e ettt i S 2t
e i S | T T A 6 t SR = i el O i I S S L S i
B T TR S et T LU T SN S g T . B R L R o S S R L
DT S R ST SR SR b P T = R SR S T T S e e i S S S 6
SRS S S S S S S S S 5 e S S T S T T TR E g
A - A R S S S D Z T S L = l= i= = = L )
B S G S ST S S G IS ; A S S b= 1= Ll= e 9
S S TR S S R R S SRR < - S N B S H
O S S S T S S S SO S SUNON z L S b=ol= L i
0 Lokl e T N T S | Lot 1 oot L [T S T S =L 11
. . P . g - R G O S S S S S S S A ¢ 2
f3a1edls i R L TR R T L S S A L
wic € ozl ci 6 8 4. % 5 7 ¢ 7 | £¥e3edis
o . ; : : f3ajedys :
- +BIF el mi €L oz oty ol 6@ & 9 & i €
2 BT (* . : s AasIRLS
. : go* F(x)35C (g
P e o - © o o e S A S O g L= <1
L R R T T Lo LU S S 71 R T C e S e S R =i
- F e I oS T L S S L A P ﬁ L - ! : e i S i S . it
: ' R N S - L L= T L C T Rt S U it
T A I G G H R S L ! oo O S S S S gt
= b L N S C I T L ol o L A R S e S S bt
N B N L C L U S S S S S S S S g
L i1 i : LI T N L 3 ! _ ‘ . ¢ t= = ormoim o bm T T 6
¢ t TR SR TS R e Sl S A ¢ : t : ‘ . L I T A :
i ool Lo 4t b= 4= = 1= 9 L ¢ L L i : S ST L L Sl ¢ i
L L A R g L : bk E L bt S . 7
L L L T T - l= 7 : _ N L ! : ooty moaT T &
1 1 Lot : A T - £ ! ¢ ! ! ‘ L Loobooe st -t 1
S S S S S S 2 S S S R . :
R - T SR S et S Sol b ! N S T S N U S S b ' g
3 T C I T R o S A Sl e i
f381ells -
, . Ad5LRIES
TR V- TUR RGN TR ;0% & 0f et .
Lo g 4 3 Hareiqs ¢i m $. =z 1 oot 6 8 ¢ % & W o & 2
Kdaygais
| F X T 0 :
7 ¢ 05 EF - (e

-¥STY DXBAC] S90ULISIId queIaIITq JI9PUl
go18998a3g TUTISHIBH uIod Jo guos TXedmWo)
"oTotmd B 0% qoadsay UITIM 20UBUTIOCQ 2T3SBY00%S

g "HTdVL




then buy‘back December futures and sell a later contract) is the favored prospect for '

South Dakota corn producers displaying a risk coeff1c1ent 1ess than 1. Ind1v1duals with
a leve] of risk aversion between 1 and 2 (Table A 4)) would be 1nd1fferent between strategy
10 and strategy 5(after extended storage, se11 1/3 of crop last week in Apr11 1/3 1as;i_f

week in June, and 1/3 in mid- August). As the group of dec1s1on makers becomes more r1sk

faverse, a shift occurs from a preference of h1gh returns - h1gh var1ance (strategy 10).to;u
- a strategy w1th 1ower returns - lower var1ance (strategy 5). In the Kenyon and Cooper set
of Virginia pricing techn1ques strategy 15 (place and 11ft hedges using a 4 day<10 day :
moving average'efter June 1st) is preferred throughout the tested r1sk avers1on 1ntervafs.,

The SD(k) criterion appears to be a more flex1b1e and stronger test of dominance than

$SD and E-V, The ability to shift the risk coeff1c1ent interva] to any Tevel and size
enables a decision maker to accurately select an efficient set of risky strategjes. As‘
more researeh is performed using SD(k) its value and acknowledgement as a decision making s

tool will expand.

The author extends his appreciation to Loren Tauer (Assistant Professor, Cornell
University) for his assistance in conducting this study.
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Footnbtes

'a. sogn, A. C. Vollmers, and F. Baatz, wAlternative Marketing
Strategies for Corn and Soybeans," (Brookings, S, Dakota, N
<. pakota State University, Agr. EXp. Station, 1981); pp. 3.

28. ¢, Tsiang, "The Rationale of the_MeaheStandard'DeViatiohja‘f

Analysis, Skewness Preference, and the Demand for Momey," .
The American Economic_ReView, LXII, no. 3 {June, 1972);'p, 354,

_ _'3R. Kramer and R. Pope, “Participatioh in Farm'cbmmodity_Proéramé:
A Stochastic Dominance Anaiysis,” American Journal of Agricultural
Economics, 63(1981}, p. 120. . .

43, Hadar and W. R, Russell, "Rules for Ordering Uncertain

~ Prospects,” The American Fconomic Review, LIX no, 1 {March, 1969)B
p.25. _ ‘ a ' A oo

SJ. Diilon, The Analysis of Response in Crop and'Livestbck
Production, TNew York, Perganon Press Inc?,.1977), p. 110.

GA, Sogn, A. C. v011mers, and F. Baatz; pp. 1-23.

7h. Kenyon and C. Cooper, wfundamental and Technical Pre=Harvest

Corn Pricing Strategies for Virginia Farmers," (Blacksburg,
Virginia, Virginia Polytechnic and State University, Research
Division Bulletin 57, August, 1980) pp. 1-45. -

8R. P. King and L. J. Robison, "Implementation of the Interval
Approach to the Measurement of Decision Maker Preference,"

{East Lansing, Mich., Agr. Econ. Report 418, Dept. of ‘Agr. Econ,
Michigan State University. 1981), p. 26. . o
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