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MINIMIZING EXPECTED DISEQUILIBRIUM COSTS WITH f\gricuituralEconomics Library |
UNCERTAIN PRODUCTION AND UTILIZATION . -
M Dean LE,thridge and Fred C. White
A theoretical framework is developed for optimizing planted acreage
under yield and utilization uncertainties, the objective function being
expectéd disequilibrium cost. Empir‘ical application is demdnstrated for .
peanut seed acreage in Georgia. Results indicate usefulness of the method-
ology for deéling with uncertainties in matching agricultural crop supplies
: with demands.
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" MINIMIZING EXPECTED DISEQUILIBRIUM COSTS WITH
UNCERTAIN PRODUCTION AND UTILIZATION

1

Dy
M. Dean Ethridge and Fred C. White

The task of choosing appropriate acreage to plant in a given chp
is. of vital concern to agricultural producers and policyfmékérs. The
difficulty of doing this is compounded by the fact that both per-acre
yieids and total utilization of an agricultural commodity are usually
subject t; significant random variation around their expected values.

Even if all produétion and marketing activities are performed in an
economically efficient manner, added costs are incurred if actual produc-
tion does not equal actual utilization.l/ These costs may be terﬁed
"disequilibrium costs” or simply "additional costs." Thus, by definition,
if actuél production is equal to actual utilization, disequilibrium cost
is zero. It is dincurred only by failing to perfeétly matéh production
with utilization.Z

This paper presents a theoretical framework for choosing planted
acreage in order to minimize the expected disequilibrium ccst incurred
by not matching total production with total utilization. Empirical appli-

r

cation is demonstrated for peanut seed acreage in Georgia.

Ethridge and White are assistant professors of agricultural economics
at the University of Georgia, Athens.



THEORETICAL FRAMEWORK

For a given crop, define the following:

A = planted acreage
Y = yield per acre
P =AY = total production
U = total utilization
VX =P -TU = exceés production
oX; X > 0, a >0
cCX) = 0; X=0 = additional cost of excess productioné

-BX; X <0, B>0

Assume that Y and U are independent random variables with normal dis-

. . 4
tributions:—

Y 0 NG, 02), Un N(v, §2), n, 62, v, 62> 0

Since Y and U are independent, it follows that X is also a normally distri-

buted random variable:

X N(An - v, A262 4+ §2)

The relationships among acreage, excess production, and additional cost
are illustrated by the 3-dimensional graph of Figure l.‘ Acreage and additional
cost are non-negative while excess production may ge positive (if production
is greater than utilization) or negative (if production is less than utiliza—‘
tion). For any given acreage there is an expected value of excess production
and a distribution around the expected value. Figure 1 illustrates the fact
that, as acreage increases, both the mean and variance of excess production

increase. For A = ags, the expected value of excess production is zero;



i.e., E(X) = 0. For A=a., E(X) < 0 and for A = a

1’ E(X) > 0.

2)
The expected disequilibrium cost E(C) associated with any acreage is

givenbas follows:

E(C) - 7 exp __’(X; gu + ?2)12 ]dx
] ,\/?IT (A262 + §2) L 2(A%0” + 89)

‘ Letting a = Ap - v and b? = 2(A262'+ 62),

. T 2] ,
-~ E(C) ‘ Eﬁzlf_ exp {3.£§%§l_] dx
’  baST v

[¢]

‘ . ~a/b
- 1 8b2  o~(a2/b2) _ bg [ﬁ = ev? dv:!
bafr 2 S
. N /b
+ gl;_zﬂ e-(a2/b2) + aba [[21‘. fa e-v?2 dv:‘}

o - o
- ' .N.BX._. exp - (X_a)z  dx + aX exp - &.8‘_)_2] dx
e bT b2 C bafT b2

(s}

Hence,
: 2 i _ 2
by - L (e B) =t e | ;12:202\)1 52) ]
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+ V_’-ZL ‘_(oz - B) (Au - v)

Au - v

+ (e +B) (Au—v)f V2 dv}
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Figuré 2 illustrates determination of the expected additioﬁal cost
éurve. The graph is reduced to two dimen;ions by omitting the A axis
and simply corresponding each acreage with the appropriate distribution
on the X axis. By integrgting o&er-the product of the probability bf eaéh‘
X value with its corresponding additional cost, expecféd additional cost
for that acreage maf be determined, giving onevpbint on the E(C) curve in
Figure 2.

If the foregoing process is repeated for a sufficiently large‘number
of A values, the entire E(C) curve may be traced. Due to nonzero variances
of production and utilization, the expected additional cost curve will alwéys
lie above the additional cost lines. For a decision-maker, the more pertinent
concern is the acreage at which E(C) is minimized. This will be examined now.

The conventional calculus method of locating the acreage which minimizes
E(C) is to take the fiyst derivitive of E(C) with respect to A, set it equal
to zero, and solve for optimum A. In this case, the first derivitive éf
E(C) with respect to A will lead to at least a cubic polynomial in A with
-éoefficients containing four arbitrary positive parameters, and only
numerical methods are applicable to locate the optimum A ﬁalue.éf However,
use of electronic compﬁters allows numerical appfoximation of E(C) to any
desired degree of accuracy, so that behaﬁior of cost-minimizing acreage
ma; be observed with various values of the parameters.

Figure 3 illuétrates the behavior of E(C) and optimum acreage as the .
cost parameters o and B vary, given that the sum of a and B is a constant
magnitude and that the means (p and v) and variances (02 and 52)_are posi—

tive constants. For E(C)l,’a = 28, so that under-production by a given
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amount-ié only half és costly as over-production by the same amount. The
vopposite situation (20 = B) is shown by E(C)3. For E(C),, o = B, so that
‘undér—production and over—ﬁroduction are equally costly. VIntersection of
the three expected additional cost curves locates the acreage (A%*) for
which expected value of excess production is zero; i.e., E(X) = 0. This

' occﬁré because of the condition that o plus B is a constant. Furthermore,
bto the left éf this acreage E(X) < 0, and E(C)1 ? E(C)y < E(C)3 for anjv |
A < A*. To the right of this acreage E(X) > 0, and E(C)3 < E(C), < E(C);
for any A > A*.b It fbllows that minimum E(C)l occurs at a smaller acreage
than minimum E(C)z, which in turn occurs at a smaller acreage than minimum
E(C)3 (i.e., Ay < Ay < Ag in Figure 3).&/

Figure 4 illustrates, fof B>a (i.e., underfproduction more expensive

than over-production), how E(C) varies with different sources of uncertainty.

Complete certainty (62 = 62 = 0) results in E(C)l = C. Introducing a utili-

1l

zation uncertainty (o2 0, 62 > 0) results in E(C)9. Adding a yield un-

certainty (02 > 0, §2 > 0) gives E(C)3. 1Inclusion of additional uncertainties
e

cause the E(C) curves to shift successively upward and, since 8 > o, optimum

acreage to shift successively to right (from Ay to A, to A3).Z/
APPLICATION TO PLEANUT SEED ACREAGE

The methodology outliped in the first part of thié paper was originally
deﬁeloped for the purpose of determining optimum acreage to plant for seed- |
ing purposes. Although subjected to limited analysis by economists, seed
are a méjor farm input and of critical importance to commercial agriculture,
which increasingly relies on an organized seed'industry to supply high

quality seed of known variety.
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~Seed is one 6f_thé major farm inputs.that is produced as well as used
by farmers; éupplieé 6f‘the§e inputs - unlike agricultural chemicals,
fertilizers, fuels and machinery - are subject to significant random
fluctuationsbdﬁe to weather; disease, inseqts; etc. Thisbis especially
';rue for seed, whicﬁ are living organisms and are thérefore quite sus-—
'ééptible_tp destruction. |

Juét a§ seed supplies are subject to random yield fluctuations, seed

demanded-byvfarmers to plant a given acreage may also vary widely due to
\ replantings occasioned by environmental conditions. Thué, matching quanti-
ties supplied with qﬁantitiés demanded of a particulaf seed is an uncertain
task at best. Tﬁis uncertainty undoubtedly results in increased costs to
the agricultural sector.

This section demonstrates the estimation of peanut seed aéreage in
Georgia that would minimize expected disequilibrium costs accruing to the
state's agricultural sector from production qf a given peanut crop acreage.§/>
‘Results have been obtained for each of the three major types (runner, Spénish
and,Virginié)gf of peanuts grown in Georgiaj; however, duebto space limita-

tions only results relating to total peanuts will be presented in this paper.
Analytical Framework

Peanut seed produced in the current season will be used to plant the
' 10/ . . .
crop for next season.™ The agricultural sector incurs additional costs
whenever production of high quality seed in the current year is not equal
to seed utilization in the following year. Costs associated with not hav-
ing the desired quantity of seed may arise from three sources:

(1) Producing more seed than desired for storage.-- More seed may be

produced than is expected to be required mext year, due to a larger seed



, yield per‘acre‘thanhanticipated. In thlS case the extra seed is sold

©in the edlble peanut market and addltlonal costs are 1ncurred because

“prroduct1on for seed is more expen51ve than productlon for edlble purposes.

(2) Hav1ng too much seed at plantlng trme.—— In thlS case expected
'>fseed requlrements have been overestlmated and too much seed Wwere processed
.’and stored.* If these extra‘seed'are‘SOld on.the-edible market at”this time,:

_'faddltlonal costs have been 1ncurred for productlon, proce831ng and storage.»n

n.thls case gpected

(3) Not hav1ng enough,seed-atnplantlng,tlme;é

jfseed requlrements have been underestlmated and too 1ltt1e seed were processed:v
andfstored To make“up for the shortage of hlgh quallty seed the 1ndustry |
,;must erther sh1p seed in from out51de the state or resort to. lower quallty e
' Rseedeobtadned_frompeanuts notuprodUced;specitleally‘for}seed;purposes;<3'V“ﬂ
dHaviné toiinshipsseed‘resultshln»additional“outsgf.boehet costs;;;ji Use"
“of lover dualltyzseed w1llucost the agrlcultural sector because‘of (a) res
v_duced peanut ylelds V(b) 1ncreased plantlng rates 1nborder to get ‘an accept—v
ﬁ» able stand of plants ln the fleld and (c) addltlonal cultlvatlon; herblcldes;h

another.treatmentSfto»reduce competition withithe leSS‘VigOIOUS»plantS.

l The Model‘

 Seed Production andrﬁtilizationd
::i'Quantity:OffSeed'produced;iniyearﬁt isdgivenlas‘followsi‘

‘whérei‘ﬂd : .
Pt is seed productlon in. year t

At 1s acreage planted for seed in year t

o is. seed y1eld per acre in year t,
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?; is_expected_seed yield per acre in‘year't;‘and
ey is évnOImally distributed random variable ASsociated with;yields..
.Thus, actual seed production is a function of plahted acreage and the random
~variable per-acre yiéld.

If actual seed production is greater than quantity of seed needed to

minimize expected cost, then excess seed production is sold in the edible « -

5

matket:
» ~ Pk _ if P, > P%
Py P;+1v1f~?t Pt+1
SE =
t
0 otherwisé,
whére:‘

’SEt is quantity of seed sold in edible market in year t, and

12/

 P§+1 is quantity of seed that minimizes expected cost in year t+l.”

The-quantity of seed stored for next season's planting is equal to

seed production unless some is sold in the edible market due to over-production:

. where:
SSt is quantity of seed stored in year t.

‘Total seed utilization is given by

Upsp = Ul APt_ﬂ = (u,, *ep) AP e
‘where: |
Ut%l is total peanﬁt seed usedvin year tHl,
ut%l is seed utilization pér acre plénted in.yéar t%l,i
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APt+1 is planted acreage of peanuts in year t+1,

Ui is expected seed utilization per acre planted in year t+l, and

’

ey is a normally distributed random variable associated with number
of times planted. ’
: Thus, per acre seed utilization is assumed to be unaffected by seed price‘léj

It is systematically related bnly to the planting rate.

Costs to the Agricultural Sector

:} If'seédvproducfionbis greater than the qﬁantity which minimizes expected
. ;co§t§f(Pt ? P§%1), fhe additibnal production cost for the exéess seed is
igiven by |
"c,l =GR (P - P* )
where:
Clbis additional cost of production for excess seed, and

GR is additional growing cost per pound of seed (i.e., additional
cost of producing for seed rather than for food).

If quantity of seed stored is greater than seed utilization, added cost

‘is given by

C2 = (GR.+ PS) (SSt - Ut+i)

where:

C2 is additional cost for seed kept over until next season, and

. PS is processing and storage cost per pound of seed.
If quantity of seed stored is less than seed utilization, added cost

is given by

Cy=Epyy = (- YP )+ (B + Upypd/ugyy v 06 [0 @ - Uy ) /upgq]

+cifo - (P - Upyy)]
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where: -

C3 is additional cost of not having enough high quality seed,

Et+l‘is expected peanut price in edible market in year ttl, I

A is proportionate decrease in peanut yield per acre due to low
quality seed, . - : ’

§§£+1vis ekpected peanut yield per acre in year t+l1,
0 is proportion of excess acres planted with low quality seed,
CG is additional growing cost per acre due to low quality seed,

CI is additional cost per pound of‘inshipping extra seed, and

¢ is proportion of deficit seed inshipped.

The Datalé/

Time series data covering the period 1963-72 were used for the necessary
seed production and utilization variables. Estimates of per acre seed yields
(Yt) and planting rates (Rt) were obtained from the Codpérative Extension

Service of the University of Georgia. Data on seed utilization (U_,.) came

t+1
from secondary sources of the USDA [4], as did data on peanut yield per

acre YP_,, [3]5

Additional costs of growing (GR), processing and storing (PS); and
inshipping (CI) seed were estimated after consultation with key persons in
the peanut seed industry, as were the percentage decline in per acre yields
{A) and additional per-acre growipg costs (CG) due to low quality seed. |

:Trend of peanﬁt prices, obtained) from USDA data [2], was used to estimate

expected peanut price ( t+l).

The proportion of a seed deficit made up by inshipments of high quality

seed (®) may vary by areas and firms within the state, as well as according
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‘to'how_widespread the séédZShortage happens to be;lél For Siﬁplicity, it
- is assumed that 50% of any deficit is filled by inshipments, with the re-

‘méining 50%16f the QCréscbianted with lower quality seed ().
‘Estimation Procedure ;'

- The decision variable is acreage to plant for seed in the curfent year.
‘The objettivé functionvtb be miﬁimized is éXpected‘additional (disequilibrium)‘i
12 © and C3 as defined in the model sectiom.

”'Foﬁ,ahy‘designated‘levélubfiseed acreage, all elements of these three‘cﬁsts..

épst, which;is'£ﬁe summatiqn.of C
‘ érexspecified‘exceptvséed,yields and’utilizatioﬁ rates. iRaﬁdom error asso-
”ciatgd‘with‘these twbsvariablés'receive explicit éoﬁéidefétibn. 

?er—écre'seed'§ield was'regfeSSed on time and“séed;ﬁtilizéﬁioﬁ.réte.Was_

§ regrgésed}on p1anting rété:k The stéﬁdard errors 6f these regréési&ns'wéré
‘uSed:to definé,thg variances of random hﬁmbets gépgféted:froﬁ thelnormaivi

distributiony thus generating 300 values of pean@t'seed'&ield énd‘ﬁfiliza—-
v;tionAratés;lg/' Using these data;‘ekpected diseqﬁiiibrium‘cqst'associated
Wifh variousﬁﬁéénut seed écreages could bevcalpﬁlatEd._ io d6 thié, an
: Fiterative‘cqmpqter.?fotédﬁfé was used. Cpsf—minimizihg'éeed aCreage>Wés:
.then  found by_inspectidﬁ;_ | | | |

Estimation Results
" The unit of‘ana1YSis'used was 1,000 acres of peanuts. Since all cost
‘eStimatesvafebassuméd to be 1ineér1y related to acréagé,'optimum seed

- acreage for any number of péandt acres may be easily eStimated'byvscaling

" these results. ..
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The'cost*minimiZing solution in producing seed'for 1,000 acres of peanuts

is as follows:

Seed'acreage pianted - : 121.4 acres

Minimum expectedbadditionélvcost ' . $693.30

' Iffutilizatibn‘ﬁncertaigty is (erroneously) ignoréd,vthe seed acréégé indicaﬁedv
13 114.lvacres - a reductionfof 62. This would resulﬁ in an gxpectga‘diseqdilih—A
o rium'cést:of $756;88 - an increase of over 8%. If both'utilizatidn.and:yieid
’uncertaintiés aré ignored; the seed acreagerindicafed is 106.4 e_a'&eéreasevof:'
bﬁer-lZZ:. This would%résult in én expected diséquilibrium.éosf-of $1,619.90 -
vaaninéréase of over 32%. Given the fact that indicated optimum acreage>deélines:
when these uncertainties are not éllowed for, it follows‘that estimé;ed césts

to the entire agricultural sector are less for over-production than for under-

production of peanut seed.
SUMMARY AND CONCLUSIONS

A'theoretical framework has been developed for optimizing planted écfeage;
under yield and utilization uncertainties, the objéctive fﬁnction being expected
disequilibrium costs. A model specifically for peanut ;eed,acreage in Georgia
has been formulated and used to estimate optimum seed acreage for plgnting a
fixed peanﬁt acreage. Whilevthe results are exploratory, they indicéte thé
usefulness of the ﬁethodology'for dealing with uncertaintieé in matching agrif‘
cultural crop supplies_with démands. Application of the ﬁefhodology could be
fairly general, depending on feasibility of estimating relevant costs and dis—' 

4

tributions of yield and utilization.
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'FOOTNOTES

;i;J?Qtilizetloh may be specifled to inolude‘more than;justreoosumotioﬁ
:l inlthE*msrket:place; e.g;,lit»mayjinclude desiredAlevels:of'stocks,'disester
rellef grants; etc.li

2/ The dlsequ111br1um cost couldlconcelvably be formulated for producers,
' marketlng sectors, the entlre agrlcultural sector, etc - dependlng on a
researcoer s area_of 1oterest; | | |

| é%”Formﬁletiﬁg a&dltionel ¢¢st‘as‘aw1iﬁea; function;Of'eicess oro&ué_

tion‘is:somewhet.erbitrery, bot nonlinear reletiooships could Be'osedoif
: appropriate: |
| ‘éjiThe oormal-distribution‘seems the obvious one to use due»tooits‘wide
apolicability‘ Other dlstrlbut1ons could be used rf ‘they. are more approorlate

'5/ The flrst der1v1t1ve is glveo as follows | |

K

@B o+ 8 Cexp |- - w)?
i’ B J(AZ 2 4 aZ) | 2(a%02 +62)

A364 + u\)AZQZ + A(\,ZQZ - 1_12‘52_ + 0252) + U\)(Szb .

+ YT (g -pp+__2tB u(A26? + §2) -
-2 : (AZGZ +82)2 | .

Ap - v
o f2(A262 + 82)

eV av + -A352,2y

+ A2 '(uvzcz - 6203 + 621v2) + A(26%020 - v302) - §2y2



1,

_ (- 2
2(A202 + §2)

exp

6/ Figure 3 élso iilustrates a fact that may not be realized at firét:v,
Cost minimizing acreage whére a = B does mot simply occur at the acréage for
which E(X) = 0 (i.e., wﬁereAA>= A% = %9.” Instead it will occuf at a sﬁaller
acreage than this due to the fact that by reducing acreage, Variancé‘of>pro—
duction (= AZOZ)‘is reduced, which willAinitially resﬁlt in a lowering of
" expected addiﬁibnal cost. |

That A% in Figure 3 is not an optimum when o = B may be rigorously.

proved by the method of contradiction. If o =8 and A = K, then

§§£91.>= o V2 3 62y (6292 + u282)

Since a, p, 0 and § are all positive constants, this first derivitive cannot
be zero. But this contradicts the assertion that Ab=.%-is a critical value.
Therefore, A* does not locate the optimum acreage.

1/ With.B < o (i.e., under—-production less expensive than over—production)f
optimum acreage would shift successively to the 1éft.
8/ The problem of estimating total peanut acreage planted for food pur-

pdses need not be dealt with here,‘since government programS have made planted
peanut acres a predetermined variable. If desired, planted'acreage could be
estimated. separately and results applied to this analysis in a stepwise fashion.
9/ In 1972, the total volume of peanut seed was approximately éivided
among these three types as follows: runners — 70%, Spanish - 25%, and
Virginia - 5% [1, p. 9].>
lQ/HRarely are peanut seed carried over for two seasons because of

prohibitive storage costs and/or. deterioration of seed quality.



11/ 'Qf coursé somé peanut seed are brought into, as well as shipped
out of, thé state in a normal_year; To the extent that this is planned by
the indﬁétry, no édditional cQsts>are assumed to accur. Wheﬂ unplanned,
however, the‘agficuitural sector ﬁuét bear at the very least some additional
‘sﬁipping'costs;‘b

| -g}]‘ This quantity of‘seed'minimizes expected disequilibrium cost in

',the pfeseﬁce of utilization uncertéinty. Since total quantity of seed
(rathef thanvtotal seedracreagé) is considered at this point, there is no
kper—acre yield uncertainty. |

13/ This assumption was upheld by trial regressions of per acre peanut
vseed ptilization on peanut seed price. Siﬁce peanuts are grown onva limited
acreage and are a high valued crop, it is reasonable to conclude that the
derived demand for peanut seed is almost perfectly inelasfic with respect
\to itsiownfprice.

lﬁj It is assuméd'that production practices, yields and‘costs for
cerﬁified peanut seed are representative for all Yhigh quality" peanut seed.
This seems a safe aséumption, since in 1972 abo;t 957% of all peanut seed
haﬁdled by commercial seed processing plants in Georgia were certified [1, p.9].

| lé]' In the event of a widespread seed shortage, seed price could become

quite inflated. But ramificafidné of this are not explored here.

;é/ Statistics generated by use of these random numbers are constrained
to have means and variances that are consistent with the regression error -
terms; therefore, the simulatéd data afe necessarily consistent Witﬁithe

observed time series data.



