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An economet五 c method of cstimating implicit revenuc、 vith a policy switching

mcchanisnl is proposcd for supply response analysis Thc modcl dcvclops important

linkages between fanll program instruments and commodity markct cquilibrium and

allows evaluation of supply response decisions undcr conditions of inaJor p01iCy shifts

The econometric PrOCCdure developed hcrc is applicd to thc U S Hce sector to

deteminc program compliance/noncOmpliance dccisions undcr thrcc altcmat市 c ricc

program pcHods A change in farFn pHccs was found to affect signiflcantly producers'

net returns and participation rate Results indicatc price impacts on acreagc plantcd arc

inelastic for program participants but elastic for nonparticipants

Keッ ″ο″グsr implicit rcvcnue,policy switching proccdurc,Hce programs,supply
rcsponse

Convcntional ccononlic thcory provides little
guidance in the specification of agricultural sup―

ply rcsponsc modcls with govcmmcnt intcrvcn―
tion.A purc profit rnaxirnization framcwork as―

sumes perfectly competitive markets for which
govemment policy in■ uences generally are ig―
norcd. An cmpirical lnodcl,on thc other hand,
can be less restrictivc using proxy policy vari―

ables as supply shifters; howcvcr, such spcci―
fication Offers only lilnited help in identifying

kcy progranl instrumcnts and the complex pro―
cess that deterlnincs producers'crop production
declslons.

Policy modeling work is furthcr complicatcd
by frequent changes in agricultural legislation
and by increasing complexities in program
adFniniStration. It could bc argued that a new
economctric model is needed to adequately in―
vestigate supply rcsponsc cach tiinc provisions
of govcrrment programs are changed.It has been
suggested that a lncthodology be considcred for
combining tilne― series data from periods gov―

Dcan T Chen is a profcssor,Department of Agricultural Econom―
ics,Texas A&M University:Shoichi lto is an associatc professor,

Depanrncnt Of lnfomation Scicncc, Tottori Univcrsity, Japan

Tcxas Agricultural Expcriment Station Tcchnical Articlc No
29∞ l The research was supponed in palt by CED,Economic Re―
search ScⅣ icc, U S Departrncnt of Agriculture through a coop―

erativc aglccmcnt,Pro」 cct No 58-3 AEK-800019
Thc authors wish to thank Warren R Grant,C Richard Shum―
way,and three anonymous y。

“
詢ηα′refcrccs for thcir rnany valuable

commcnts and suggestions on an earlicr draft and Jason Ming‐ Che
Chicn for computational assistance

Rcview coordinatcd by Steve Buccola

emed by several combinations of farln corn―
modity programs(Just,Lucas).
The purposes of this paper are, first, to de―

velop cconomctric modeling techniques by in―
corporating a consistent framework of implicit
rcvcnue functions and a policy switching pro―
ccdurc for supply response analysis and, sec―
ond, to investigatc produccrs' bchavior in re―
sponse to changes in expected net operating
retums for both program participants and non―
participants. The policy― switching procedure
consists of equations that(α )estilnate operating
rcturns ovcr va五able costs(OROVC)inCOrpo―
rating different program provisions over tirne,
then(b)utiliZC OROVC to cstimate supply re―
sponse rclations. lBy using the switching pro―

cedure,acreage response equations over differ―
ent fam programs are combincd in a systcrn to
account for changes in modcl spccifications un―

der conditions of maOr policy shifts.The
econometric methods developed herc are ap―
plied to the U.S.五 ce sector to cxamine thc scn―

sitivity of thc modcl to changing farrn programs

for policy evaluation purposes bcいⅣccn 1961 and
1990.

Previous Supply Response Ⅳlodens

Thc importance of govemment intervention in
dctcrlnining producers' crop production deci―

sions has been a suttect Of much empirical in―
vcstigation(Askari and Cummings).Among nu―

mcЮ us economet五 c models estimated for mttor
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program crops, there cxist three mttor ap―
proaches in lnodcling supply responsc for policy

evaluation purposes.The first approach uses di―

rect inclusion of key program variables such as

acreage allotmcnts and diversion payments per
acre,either as explanatory vanables in the model

(Garst and Miller)or as dummy intercept shift―
ers for program ycars(Lidman and Bawden).
The sccond and perhaps most widely adoptcd
approach uses composite policy variables as ad―

vanced by Houck and Ryan in the early 1970s.
They utilized the effective support price and cf―

fective diversion paymcnt ratc as the key theo―

retical arguments. Although the Houck― Ryan
approach is considered a useful framework for
empirical applications, the approach is restric―

tive on both theoretical and empirical grounds.

Fronl a theoretical viewpoint,separate treatinent

of output p五 ce,effective support price,and di―

version payment va五 ablcs can be considered ad

hoc at bcst.On empi五cal grounds,inherent sta―
tistical estilnation problems such as multicolll―

nearity and simultaneous cquation bias exist.

Moreover,several important features of the 1981,

1985, and 1990 farrn bills and other potential

policy instruments cannot be explicitly treated

by this approach. Scvcral studies related to the

Houck― Ryan fomulation include 五sk analysis

(JuSt;MOrzuch,Weaver,and Hellnberger;Bror―
sen, Chavas, and Grant), price expectations

(Gardncr, Romain, Lopez), and multi― input,
multiproduct regional investigations(Shumway,

Shumway and Alexander).
The third apprOach,initiated in the early 1980s,

utilizcs a revenue― cost approacho Lce and Helm―

berger proposed an alternative to the effective

price support/diVCrsion payment va五 ables by
constructing a feed grain progranl payment
variable based upon program participation in―

centives deHved from p五 ce support loans, de―
ficiency payment rates, acreage set― aside re―

quirements and diversion payments, and other

incentives. This spccification cxplicitly evalu―

atcd rcvcnue from program participation, al―
though it failed to combine program payments
with output p五ce into a total revenue v面 able.

Salathc, Pricc, and Gadson explicitly deter―
mincd thc level of farln participation in acreage

set― aslde and diverslon programs and total acreage

planted by program participants and nonparti―

cipants bascd upon producers' expected net re―

turn per acre using a large― scale ag五 cultural sec―

tor model, the Food and Agricultural Policy
Simulator(FAPSIM).ThiS approach, which
combines output p五ce and govemment pay―
ments,was found to be particularly useful in de―
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terlnining pЮ graFn participation rates and the set―

aside, divcrtcd, and planted acreages. FinaHy,

Lovc developed the program payment and par―
ticipation rate fomulation of acreage response

for wheat based on thc revenue approach.

Thc mttor weakness of the first two ap―
proaches is the absence of a cohesive and broadly

conceived conceptual fralnework fOr linking farm

program instrumcnts to conllnodity rnarket cqui―

lib五um. These models also fail to provide a
mechanism for explicit deterlnination of fam
progran■ instruments such as the loan ratc, tar―

get price, and loan repayment rate. The third

approach, the revenuc and program participa―

tion ratc framcwork, paiially corrects this
wcakncss. Rcccntly, the implicit revenue func―

tion (IRF)apprOach was developed for cotton

(Chen)and fOr whcat(ChCn,Penson,and Tc―
bOh)bascd On thc two kinds of revenues con―
sidered in the model: revenues generated from
the crop actuany produccd (i.C., Cash rcccipts

fronl marketings and deiciency payments)and
revenues that are not necessarily related to ac―

tual produced output(i.e.,diversion payments,
grazing rcvcnuc frorn idled land,intcrcst chargcs,

and storage costs paid by the govemment).ThiS

approach incorporates the priceTsupporting, in―

comc― supplcmcnting,and output― restricting fca―

tures of U.S.farln policies and program partic―

ipation decisions into a smctural model contcxt.

Building on the IRF approach,this paper pro―

poses a switching procedure, which incorpo―

rates operating returns over variable costs to re―

flect maior Changcs in U.S.faml prOgrams over
tilne.Given such a systenl,it is possible to coln―

bine several altemative acreage response spec―

iflcations to rcflcct diffcrcnt policy rcgilncs Thc

fonowing Section discusses the derivation of the

iinplicit revenue functions for producers, the

spcciflcation for acrcagc rcsponse cquations with

regard to three rice program periods, and a de―

sc五ption of the policy― switching mechanism.

The Ⅳlodel and Procedure

The U.S. 五ce modcl presented here is a com―
plete sectoral model of thil■ y― six simultaneous

equations comprising ive mttOr b10cks to de―
terlnine the following: implicit revenue func―

tions(or opCrating rctums ovcr variable costs);
farln program paymcnts and governmcnt costs;
fann price and incomcs; acrcage, yield, and
production; and demand and inventory stocks.
For the purpose ofthis paper,no detailed model

desc五ption is intended. Instead,a brief descrip―

tion of the policy― switching procedure and the



188  F′ brンαry f992

rclated acrcage responsc cquations for ricc are
provided.1
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The implicit revenuc function facilitates esti―

mation of producer's operating retums over
variable costs(OROVC)fOr each of the simu―
lation periods whcn 五ce programs werc sub―
stantially changcd.A maOr bcneit of using thc
IRF is that it is possible to avoid multicolli―

nearity problems that frequently occur among
the explanatory variables. That is, the IRF re―

duces the number of indcpendent variables in
each cquation by incorporating important fac―
tors such as fann pnces,targct p五 ces,loan fms,

loan rcpayment ratc,and acrcagc reduction ratcs
into onc variable,thc OROVC IsCC equation(1)].
As a result,this fomulation also saves degrees

of frcedom, an important advantage to policy
modeling work whcn there arc only a small
number of obscrvations.Further,by focusing on
the revenuc and cost factors incorporated into

the C)R(DVC rather than stated cxplicitly as a
separate va五 able for each policy instrument, it

is possible to pcrfom a policy analysis over dif‐

ferent program periods with a single theorctical

framework.
To de五vc OROVC for acrcage responsc anal―
ysis in this study,thrcc historical rice program

路 ζ鳳 露 呉鶴 躍 話 :i盤路 lttξlli臨 盤
acrcage a1lotmcnt. Thc marketing quota was also
proclailned,although it was suspcnded in 1974
and subsequent years(H01der and Grant,John―
son ct al.).Du五 ng thc second pcnod(1976-81),

target pricc and loan rate wcre implemcnted be―

ginning with thc 1976 crop All dircct benefits

of the prograln,howcver,were a1lowed only to
the allotment holdcrs.

Thc third and latest pcriod, 1982-90, regu―

latcs U.S.五cc progralns under the 1981 and 1985

fam bills.During this period,thc allotinent was

repcaled whilc the targct price and loan ratc sys―

tcrn was continucd(JohnSOn ct al.).ThC base
acrcage conccpt was introduced in the 1981 faln

bill, and program participation bccame volun―

tary,with acrcage reduction required. In 1983,

thc PIK(payment_in―kind)program was imple―

mentcd h ordcr to reducc large surpluses(USDA
1983).Under the 1985ね rln bill,in particular,
the rnarketing loan and the 50/92 option hclped

expand U.S.五 ce markets while cutting domes―
tic production(Glascr).

l A dctailed descHption of the entirc modcl is availablc frolll the

authors upon rcqucst
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Thc kcy featurcs of the govcrnmcnt programs

in each pcriod are explained and summarized in

tablc l. Elemcnts affccting revenues for pro―
gram participants are descHbed in sections A,

B, and C of thc tablc for the rice program pe―
五ods of 1961-75, 1976-81,and 1982-90,rc―
spcctively. Thcsc clcmcnts are categorized un―

dcr P,y,2,and S in thc tables.Based on those
clcmcnts,the general forlnulation of IIdF in terlns

of OROVC(operating rctums over variable costs

at thc fttm level)Can bc writtcn in matrix no―

tation as follows:2

(1)     R=P′ 】″OS,
whcrc R is a unit vcctor of rctums over variable

costs pcr acre(equiValcnt to OROVC);P,an 4
× l vcctor of pnces,implicit rcvcnucs,and costs

per unit;y, an 4 × 7t diagonal rnatrix of yield,

program payment yield,and others;`2,an κ ×
4 diagonal matrix of plantcd area for program
paymcnts;and S, an κ × l vector of operating
function for the govcrnment progranl provi―
slons.

Bccausc y and O are diagonal rnatrices,all
elements off thc diagonal in thesc matrices are

equal to zero.The OROVC for thc rice pro―
grams bcforc 1982 can be estimatcd fairly sim―

ply as shown in tablc l,A and B.The rice pro―
grams for the 1982-90 pcriod govemed by thc
1981 and 1985 farln bills(table l,C)are the
most complex, and the proccss Of Calculating the

OROVC during this period is explaincd in dctail
below.
The top row of table l, C for pcriod 1982-
90 indicatcs cash receipt pcr one base acre for

thc program participants when PF(farln price)
under the P matrix is multiplied by Sy(yicld pcr

aCrC)Of y matr破 ,1-KARP―κP″)― C3*0.3 of 0
mamx,and 1 0f S matrix.For example,in 1983,
a15%acreage reduction RARP)was imposcd on
thc participants.In addition,a5%paid land di―
vcrsion(PLD)and thC PIK program were op―
tional participation choices after the ARP.To
calculate the C)Rく DVC per one base acrc for thc
participants,it is assumed in this study that the

participants enrollcd in all of the options.Thus,

the planted acrcagc rate is one basc acrc sub―
tracted by thc rates of ARP,PLD,and the rate
of PIK in which an additional 109♭ to 309ら re―

duction was required.3

2 Equation(1)alSO Can be rewrittcn as:R=Σ
:_′ッ′,S′ ,Where

2,ツ′,9′ ,and i arc column/diagOnal clcmcnts of P,γ ,0,and s,
rcspectively
3 1n this rcscarch, thc PIK participants arc assumed to sct asidc

thc maximum(30%)of the basc acrcagc,which approximatcs the
actual situation
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Table l. Policy Parameters for Three Rice Program Silnulation

R′ε
`Sィ
ρ′″Rι,′ο″Sι  189

Perlods

Rcvcnue/Cost
Components

Pricc,Cost,and
Payment Ratc
(P)

Yicld Unit

(り

Acreage Unit

(2)

Policy Option

Operators

(S)

A:From 1961 through 1975

Cash rcccipts
Loan paymcnts
Variablc costs

B:Fronl 1976 through

PF
MAX(PS,PF)一 PF
PyC

1981

Sy
Sy
-1

Sy
SyG
S1/

SyG*75
-1

Sy

SyC

S1/

Sy

SyG
SyG*08
SyG*075

-1

-1

-1

1

1

AL2LOT/BASE
1

1

位 0「′BASE
江L07以
"AILOT/猟∬

1

Ａ

ｌ

Ａ

Cash rcceipts
Dcf paymcnts
Loan paymcnts
Disaster paymcnts

Variable costs

C:Froll1 1982 through

PF
Pr一 MAX(PL,PF5)
ⅣIAX(PL,PF)一 PF
た*PT/3

PyC

1990

βl

βl

31

Cash reccipts

Def payments

Loan paymcnts

Markcting loan
plemlum
Diversion payments
PIK payments
Disastcr paymcnts

Variablc costs

4ヽaintcnance costs for

divcltcd land

Maintcnancc costs for

50/92
Rcvcnuc from grazing
on divclted land

′F

Pr一 MAX(PL,PF5)

MAX(PL,PF)一 PF

PL― PAい′

PElyG
PF
た*Pr*033

PyC

PRC

PiイC

PGZ

1-KARP―
KP"― κPrκ
l― KARP―
κPLD― O■K
l― KИRP―
κιPD― κPrκ
l― 」64RP一
κP"一 ぽ ■K
KPLD
κP′κ

l― Kラ4RP―
KPLD― κPrκ
l― KARP―
KPLD― O■K
KARP+κ PLD十
κPrκ

l― KARP―
κPLD
【RP+KPLD十
κP′κ

(1-Cl){C2+
C3*(1-C2)*050}
(1-Cl){C2+
C3*(1-C2)*092}
C2+C3*(1-
C2)*050
C2+C3*(1-
C2)*050
1

1

1-C4

Cl+(1-Cl){C2+
C3'(1-C2)*050}
1

C2*(1-C2)*050

1

Notc:Thesc tables shoヽ v matriccs to Calculatc operating retums ovcr vaHablc costs per one base acrc undcr thc different farm programs

during 1961 and 1990 Thc dcflnitions of vanablcs in tablc l parts A,B,and C are:江 LOr is allotment acreage;BASE,basc acrcagc

晰 濡 lelttalr艦 鶴 盟

=壼

暇 鶴 蹄 賞 3齢
晟 1轟 驀 1豊 構 聰 等 師 螂 驀cut back an additiona1 30%undcr thc PIK);PAW iS USDA― announc

鴇fl,tT3:鴨 ,凛謂れ∬醍i駿∬:為鷺ふ:k銘ぷ
ie);PS,U S average govemment support pricc(S/CWt);PT,US
,rC):Sy,u s average yicld(cwt/acrc);SyC,U S averagc program
)oscd, othenⅣisc l(marketing quotas 、vere suspcndcd in 1974 and
stem is practically not a rcstricting factor for ricc production;Cl =

d if PF5≧ Pyc/Sy indicating no palticipation in the 50/92 option,

othcrwise O:C3is palticipation coefflcicnt for thc 50/92 option:and C4=O if disaster paymcnts are declarcd,othcwisc l
lf PL≦ PAW,the Pι ―PAW=O Prior to 1986,PA″ =PL The PIK program was implemented in 1983 The features werc to
cncouragc producers to cut production acrcage by another 109ら lo 30% (orヽ VhOlc basc under bidding)in addition to the regular 15%of

ARP and 5Cる of paid land divcrsion Thc acrcagc divertcd due to thc PIK、 vas paid in― kind、vith 80%of the established program yicld

Thc sccond row of tablc l,C is for calculat―

ing the deficicncy payments. First, the de■―

ciency payment ratc is deincd under the P ma―

tnx.Thc deflciency paymcnt rate is thc differcnce

betwccn the targct price and thc higher eithcr of

thc loan rate or the fivc― month average fattn

pricc.4 Accordingly,Cl in S rnatrix is zero with

4 1fthe average farm pricc of the flrst 5 months(Aug― Dcc)of
the marketing ycar is cqual to or highcr than the targct price, then

there arc no dcflclcncy paymcnts

deficicncy paymcnt,and one without deiciency
paymcnt,rcspectivcly IDeiciency payments are
paid on govemmcnt program yield(SyG).Planted
acrcage under thc(〕 matriX iS thc same as that

for cash reccipts.The valuc of Cl forthe policy

option operator under the S matHx will bc O if

PF5 <〔 P2r indicating deficicncy payments are

paid,or l if PF5≧ Pr indicating no deficiency
payments. C2and C3 arc policy option opcra―
tors for thc 50/92 option.Accordingly,thc de―
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iciency payments per one basc acrc would rc―
sult by ll■ultiplying each itcm in P,y,2,and s
mat五ccs,ic:

(PT― ZAX(PL,PF5))*SyG*(1-KARP
― KPLD― KPIK)*(1-Cl)*(C2+C3

*(1-C2)*0.92).

Following the samc manner,a value in each row
is calculated, then addcd(or Subtracted for the

cost items)and cstimated for the OROVC pcr
one base acre for thc program participants. In

this study, thc fixcd costs are not considcred

For supply rcsponse analysis, thc profit-lnax―

inlization framework is built upon rnarginal con―

ditions for which an exclusion of thc fixcd costs

may not bc a se五 ous onlission. This is partic―
ularly truc when the relative profitability mea―

surcmcnt is employed in the model in dctcrrllin―

ing prograrn compliance and noncompliance
dcclslon

For nonparticipants,the calculation of OROVC

is straightforward. The corresponding unit val―

ues under individual P,y,2,and S matrices for
cash rcccipts would be PF, Sy, 1, and l, rc―
spectivcly Because nonparticipants do not havc

to sct asidc any area,their planted acrcagc would

be the whole base acre with a unit of l.Variable

costs arc also applied for the whole one basc
acre.(Df coursc, no govemment payments arc
applied for nonparticipants.Thus,the OROVC
for nonparticipants arc calculated with cash re¨

ceipts subtracted by variablc costs

Note that the IRIF incorpOratcs thc cxpectation

tcm lt is critical for producers to formulate cx―

pcctations in order to decidc whcthcr or not to

participatc in the program.Undcr thc 1981 and
1985 farm bills, in particular, thc govcmment
announces target prices, loan ratcs, and other
program provisions in advancc so that producers

can forlnulate their expectation of OROVC.

Acrιαg`R`1フθ″s`Pr′ο″ゎ f98f Fα r“ BJJ′

The dce programs undcr farrn bills prior to the

1981 farin bill wcrc less complicated.Based on

thc IRF formulation,the OROVC for thc a1lot―
Inent holders and nonholders are calculated.Data

for acreage planted by thc allotmcnt holders and

nonholders are not available, howevcr. Intcr―

:漑ガ ζ馨 げ 1∬』‰ f嚇1群 駕
1話
:ar:

S Du五 ng this peHod, Inarkcting quotas 、vcrc implcmcnted The
penalty for violating quotas was quite detrimental to producers

(HOlder and Grant)ThiS may bc why planted acreages did not ex―
cccd thc a1lolment acreagcs during this pcriod

A“
`″
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The allotlnent systenl cssentially was suspendcd

between 1974 and 1981 becausc of supply
shortagcs and high market priccs. Thcrefore, it
may not be too ftt off fron■ the real situation if

it is assumcd that all rice producers werc undcr

somc govemment protcction during 1961 and

憎 億vttIお 潟 Ⅷ :肝胤
『
そ針鵬 鮮

a stochastic cquation for acreage planted during

1961-81 may be estimated as a inction oflagged

onc pcriod planted acreage,SA_1,and expected
OROVC:

(2)  SAl=メ (SA_1,E(OROyCAD)),

where OROy60 implies OROVC for produc―
crs undcr thc govemment programs(i.e., pro―
gram participants).ThiS Specification with thc

sillnplc fomulation of the IRF should suffi―
ciently capture the key program instrumcnts im―

plemented in thc ricc programs p五 orto the 1981

ねm bill.

Acrι agι Rι ,ροκsι υκグι′Rιει4′ Fαr“ Bゴ J′s

Modeling acreage response under thc 1981 and
1985 farnl programs is lnuch more complicatcd,

requi五 ng a step― by―stcp procedurё  cmploying
several equations.Once theく DRくDVC Pcr onc basc
acre for both program participants and nonpar―

ticipants are calculatcd,it is possiblc to cstilnatc

the participation ratc for thc ricc progran■ in a

stochastic cquation.The participation rate is cal―

culatcd in tcms of base acreage planted by the
participants to the total basc acreagc at the na―

tional level. Because program participation rate

is rangcd bctwcen O and l, it is important to
employ a logistic transfomation of thc function

for cstimation. Thc logit model(Pindyck and

P::棚 な.'硝 踏 鵠 魁ri滉鼻 lξ 艦
of a logit modcl would be regressed as speci―
fied:

(3)ιOGf7訳 =∫(E(OROycAD
-OROVCNO)/OROycAD),

where LOGfTR=logcPR″ /(1-RPRル の),
RPRZ is the participation rate in the progranl,

and OROycAD and OROl′ CⅣO are the oper―
ating rctums ovcr variable costs for the program

6 1n thC Ncrlo宙 an paltial adJustmcnt modcl,cxpcctcd markct pHce

is used ln this research,ho、vever, expected price term is replaced

by expected operating retums over variable costs(OROVC)
7 A logit mOdcl is spcciflcd as P,=1/(1+′ ~Ⅲ +μ°

),or log(Pi/

(1-P))=α +β X,Where P,is thc probability that an individual
will makc a certain choicc, givcn kno、 vlcdgc of為  (Pindyck and
Rubinfeld,pp 287-300)
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participants and nonparticipants, respectivcly.

This relativc profitability measurement is ex―
pressed in an expectation terln for thc coming
ycar. It is logical that the more proitablc it is

for the participants in a conling ycar,thc higher

would bc the participation rate for that year.Once

the LO(3fZR is deterrnined, it is necessary to

nomalize it back to the fom of participation
ratC CPRy):

“
)RPR″ =7啜慾 .蜜》-1.
Cliven thc detennlination of program partici―

pation ratc, the basc acreage for both partici―

pants and nonparticipants can be derivedi

(5)    S3PRy=RPRν *S3

(6)     S3ⅣO=(1-RPRy)*SB,

where SBPRハイ is base acreagc for the partici―
pants, SBハ′(9 is basc acreage for nonpartici―

pants, and SB is exogenously deterlnincd total

base acrcage. To takc into account the basc
acreagc concept as thc key planting decision
variablcs, equations for acreagc planted by thc
participants and nonparticipants would be spcc―

ified:

(7)

SAAD=ん (SBPR″ ,KARP+KP",C■ S

(8) SANO=ん (SβⅣO,
E(θROycⅣO/OROycO⊃ ),

whcre SAAD is acrcage planted by the partici―
pants, KARP, κPLD, and KPIκ  are the per―
ccntages of acreagc set― aside under ARP,PLD,
and PIK prograllns,respect市 cly,S仙 4ヽ0 is planted

acreagc of the nonparticipants,and OROyCOτ
is the operating returns over variable costs of
competitivc crops. Nonparticipants have the
flexibility to allot a portion of rice land to other

crops that rnay bc more proitablc than五 ce.Thc
spcciication of cquation (8)is alSO in cxpcc―
tation tems.Accordingly,total acreage plantcd

(SA2)can be defincd as an idcntity, a sum of
thc planted acrcages of participants and nonpar―

ticipants:

(9)    SA2=SAAD+S想 0.

Thcse seven equations[(3)一 (9)]fOr aCreage
response under the 1981 and 1985 farln bills al―

low us to evaluate program participation rate,
acreagcs planted by participants and nonparti―

cipants, and total acrcage planted. Further, the

whole system with these specific program equa―

tions a1lows us to evaluate govemment costs
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To combine altcmative acreage responsc cqua―
tions for the whole peHod from 1961 through
1990,a policy― switching procedurc is cmployed
in this study using Sl and S2 to combine equa―

tions(2),(7),and(8):

(10)SA=Sl*(■ (S41,E(OROycAD))
+S2*(ん (駐〕PR″,KARP+KP",ぼ ■s
+二(S3ⅣO,E(ORO´ CⅣO/OROycο⊃ )),

whcre Sl is l du五 ng 1961-81,othcrwise O;S2
is l during 1982-90,othenvise O.The function

メ,aS eXpressed in equation(2),represents acreage
responscs by all producers during thc carly ricc

Waξ 霊 3覧

`麟

l=鷺i∬:‖ξ〃 鰍 :n漱
rcprcscnt acrcage rcsponscs by thc program par―

辮 :λ轟 ∫lI;出 器 l穐織 阜』:lК
∝前

In these nine equations[(2)一 (10)]a11 0f the
explanatory variables are endogenously deter―

rnined exccpt for SB(total base acreage),κ P′κ

(rate Of paymcnt― in―kind divcrsion program in
1983), KARP (rate Of acreage reduction), and
κP"  (rate Of paid land diversion), whiCh are
an cxOgenously dctcrlnined.RPRハ イin cquation

(3′ ),together with identities(5)and(6),is uSed
to simul● meously dctcrrlllne SBP即イand SaVO.
(ThiS iS rcported in the cmpirical results scc―
tion.)These Va五ablcs are also incorporated as
part of the explanatory vanablcs in equations(7′ )
and(8′ ). The equation system dcscribcd above
is critical to analyzc not only a producer's bc―

havior ovcr time but also thc impacts of change

in prices on program participation rate,acrcagc
planted, revenucs for the participants and non―

participants,and govcmment costs.

PrたιE′αs′たルJιs αれ′[彎αεお

Impacts of a 19ろ  increase in fam p五 ce can be

sunulated using thc simultaneous cquation model
to evaluate magnitudes of effccts of a price in―

creasc on n■巧or endOgcnous va五 ables ovcr var―

ious program penods.With a 19ろ increasc in fam

pricc, the model sirnulation results provide a

useful comparison to convcntional elasticity es―

timates with respect to fa口 mp五ce calculatcd from
single equations

The impact elasticity of price in this rescarch

is mathematically dcrived using thc chain rule:

8 Liu ct al employcd an cndogenous s、 vitching systcm in their

dairy study Their switching systcm, in palticular, refers to prob―

abilitics of markct cquilibriunn solution and govcmment support so―

lution during thc same govcrnmcnt program period
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∂SAl ∂R PF
(11)  島,sAl=可戸扇夢sAl'

計 :蹂c摯 電 :p:幣:1■∫賓
『
胤 t織11認

is operating retum ovcr variable cost(OROVC).

A change in farln pricc(PF)initially affccts the

OROVC.Then,the changc in OROVC affects
program participation ratc and,ultilnately,total

acreagc planted.This sequcntial effect of prices

on producer supply response behavior can be
traced by the systcm of equations.

In cssence, a mcthod cmployed by Grant,
Bcach, and Lin and Jolly,Ficlder, and Traylor
is a direct elasticity estiination on a singlc equa―

tion basis:

∂SA PF
傷=扇夢 SA'

鯵 計 £ 盤 .°晋

=驚
器

1轟
織
『
高 :

sions arc affected not only by fann pnce but also

by the entirc operating rcturns over costs, the
acrcagc response elasticity(or impact elasticity)

derivcd in this rcscarch providcs some insights
into the complcx process of rnaking planting de―

cisions in response to govcmment support.

For thc 1982-90 program period,impacts on
participation rate, acrcages planted by the pro―

granl participants and nonparticipants,and total

acrcage plantcd with respect to a 19ろ incrcase in

farm price are derived as follows:

∂SAAD∂RPR″ ∂RAD PF
(13)ら,st4D

∂RPRν  ∂RAD ∂PF SAAD

(14)ら ,sttvο
∂Sぶ0

∂(1-RPRy)   ∂RN。

幣品脚
(15)         s想

。4D +― *ら
,sttvοら,M2=:ツ *島,sAAD "(

SAAD l mdO≦
Ψ≦う,(0=≦  sA

arc the samelitions of the val■ ablcswhcre defi:abovc cxcept for:ら

,s4AD andら ,stt。as cxplaine(

are impacts on acreagcs planted by thc program
respcctively;and nonpanicipants,
over variable

participants

,are opcrating retums l
nts and nonpatticipants,

RAD and Rttc partlcpaぉ

impacts on thc total
輛 br尊

;狙dみ"rcspectivel)

AIPI′″J Agr Eιο″

acreage.Equations(13)and(14)indiCate that a
changc in fttln p五 cc affects opcrating returns

over variable costs,which then affccts the par―

ticipation ratc.Finally,a change in participation

rate affccts acreagcs planted by participants and

nonparticipants. Thc two impacts on partici―
pants and nonparticipants are wcighted propor―

tionately by planted acreages and added to dc―

五vc the total impact elasticity of national acreage

planted[equatiOn(15)].

Dα″

Data used in this study arc crop ycar annual ba―

sis at the UoS.aggregate levcl fronl 1961 through

1988 and were collected from varlous publica―

tions ofthe UoS.Dcpartment of Agriculture.¶ 厖y

are R′ε
`S′
′
“
αガο4α″グ 0夕′′οοたR″θrr, Cr`フ

P“グタε′′οれR9θrr,Agriε
“
′ル確′0夕′′οοた,Wor″

S″ρρ″ θ4グ Dι IPIα
“
グ ES″
“
α′ιs,Eεθれ0“ Jθ fr2-

グたαゎrsげ ′力
`Fα
r“ Sιθゎrr Cο sお げ P″′

“
ε―

′JOれ , and Agr′ ε
“
′r“rα′S′α′Js″cs. Missing data

were gencratcd by regrcssing the available data

against individual correlated vaHables. Produc―

tion costs data p五 or to 1975, for examplc, are

not available;thcrcfore,costs data du五 ng 1961-
74 wcre estilnatcd by regressing costs against
price indcx of all fcrtilizers based on data du五 ng
1975-88.

EInpirical Results

Thc completc simultancous equations system has

seventeen stochastic equations and nincteen
identities. Thc behavior equations were csti―

mated using OLS,whilc the entirc system was
simultaneously solved using thc Gauss― Seidcl

method.AInong the four equations reportcd bc―

low,jointly dcpendent va五ables appear on the

五ght― hand sidc.They are:operating retums for
particlpants and nonparticlpants,OROlttα り ・and

OROycArO,rcspectivcly,and participation rate
in logit modcl,LOGfTR,which is convertcd to
normal participation rate,RPRiイ ,in orderto de―
terlninc basc acreage for the participants and

nonparticipants, SBPRM and Sβ ⅣO, respec―
tively. Thesc cndogenous variables are silnul―

tancously solvcd by the ovcrall model. Mttor
cxogenous variables in the model include rates

of acreage reduction pЮ gram(KARP),paid land
divcrsion program (KPLE)),paymcnt― in― kind di―

version program (1(PIЮ ,and a comprchcnsive
set of program instrumcnts such as targct pricc,

loan rate in dctcrllnining operating rctums per

∂(1-RPRル r)
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acre. Thc simulation performance of the model
providcs significant results in tracing the effects

of altemativc govemment ricc programs and al―

lows evaluation of ma」 or policy shifts ovcr tirne.

Because of its purpose and brevity,this papcr

prcscnts the estimated rcsults of the acreage rc―

sponsc― related equations only. The cstimated
equations for acreage plantcd for the carlier f劉

「
n

progranl pc五 od,progranl participation rate,and

acreage plantcd by the participants and nonpar―

ticipants undcr the 1981 and 1985 fam bills
during 1982 and 1988, are as follows(deini_
tions of va五 able namcs are basically the same

as explained in table l, and″ values arc in pa―

rentheses):

(2′)SAl=513  +O.655*S4 1+2.11*OROycAD_1
(2.26)  (5.75)      (3.57)

R2=0.851   R2a街 .=0・862 DW=

The estimated coefficients for independent vari―

ables arc all significantly different from zero at

the 59ろ significance level. Thc Durbin―Watson
or lDurbin力 statistic for equations with lagged

endogenous va五 ables indicates no serious se五 al

correlations in an error tem.Thc estilnation pe―

五od for acrcage planted prior to the 1981 fam

認 指器 R`懲 轟 Tt譜 理 :綿 illttIFtil
equation, a dummy for the 1983 PIK program
is includcd as an explanatory va五 ablc.The sta―

tistical rcsult of this equation indicated that the

onc―year laggcd OROVC is supe五or to thc cur―
rcnt OROVC or combination of both.This may
be bccause producer planting dccisions up to

9 This cxtcnsion was donc bccausc cquation(2)、 vas eStimated by

a gcncral speciflcation that is applicable to the 、vhole period, in―

cluding the 1981 and 1985 farm bill periods

Rjε′Sィρ′″R′凸pο″Sι  193

around 1981 tendcd to depend heavily on thc
infomation available froln the previous crop ycar.

In the pe五 od, acrcagc planted to五 ce was con―

straincd by a1lotincnt systems and marketing
quotas up to 1973. Du五 ng 1974-81, m・arket
prices werc higher than support/target p五 ces.

Although govcmmcnt payments werc available
only for allotinent holdcrs, farln p五 ces highcr

than the target p五 ccs tended to upstagc depen―

dencc on govemment support prices du五 ng this
period. Accordingly, du五ng thc pe五od up to
1981,the produccr's revenue frorn thc prcvious
ycar appcared to bc a better source than gov―

crnment support priccs affecting produccrs' cx―

pected revenuc and planting decisions.

-3082*K7呪κ

(3.35)

1.93   Durbin λ.=0.17,

On the other hand,cquation(3′ )for thC ratc
of program participation in the logit inodcl was

improved by incorporating the current OROVC.
Aftcr 1981(under the 1981 and 1985 farm bills),

fam prices have been substantially lower than
target priccs. Most 五ce producers are eligible

for govcmmcnt programs which arc announced
in advancc of the planting season; therefore,

producers tend to depend on currcnt cxpccted
operating retums undcr the govemment pro―
grams while being influcnccd by the results of

the prcvious ycar.This is particularly evident in

estimating program participation ratc[equation

(3′ )] and acrcage planted by nonpaiicipants
[equatiOn(8′ )]during the 1982-88 pc五od.Pro―
gram participation ratc[equatiOn(3′ )]waS CS―
timatcd with a dummy for the PIK program
(κPI」り and a rClative level of profitability of

(3′ )LOGfaR=7.853*KP′ κ +1.734*((OROV6姐 9-OROyCNO)/OROycAD
(6.47)       (15.8)

+(OROycO_1-OROyCNO_1)/OROyCAD_1)

R2=0.850 R2.a街 .=0・819 DW=2.15,

(7′ ) SAAD=104+ 1.04*(S3PR2)-4806*(KARP+K71Z》 -3560*贈■K
(0.344)(9.25) (10.1) (15.6)

R2=0.989 R2adi.=0・ 978  DW=1.68,

(8′ )

S趨0=-325+0.640*SaⅣ O+394*(OROyCⅣ O+OROycⅣ 0 1)/(OROyCSy+οROycsy_1)
(2.97) (3.53)       (3.38)

R2=0.941  R2a蒟 =0.902  DW=1.53.
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compliance to noncompliancc in government
programs,as lncasured by the diffcrence of cx―

pected operating retums ovcr variable costs for

program participants(OROycttD)and nOnpar―
ticipants(OROycNO)diVided by OROyCAD
during current and previous ycars. The statisti―

cally signiicant estimates in equation(3′ )imply
that a dccision of五 ce acrcage is iniucnced by

:胤 肥 ‐ _」

e肛、 andぬe cuⅡem e藩

Once participation ratc is estimatcd, plantcd

acreage by thc program participants[equatiOn

(7′ )]is eXpressed by thc national total basc
acreage for the participants, a sum of acreage

reduction rate and paid land diversion rate,and

a dummy for the 1983 PIK program. Acreage
planted by the nonparticipants[cquatiOn(8′ )]is
estirnatcd by the basc acreage of the nonparti―

cipants and the relative expected rcturn of五 ce

(OROyCⅣO)tO SOybcans(OROヾ CSり ,whiCh

10 Cunent cxpected OROVC is calculated bascd on current pro―

gram provisions, such as target pHces, loan ratc, loan rcpayment

rate, and expected farm pricc

A″ι″」 Ag′ Eιο″

is the maOr competitive crop for ricc,during
thc current and prcvious years. Using the
switching procedurc in cquation (10), the CSti―

matd cquations(2′ ),(7′),and(8′)are COm_
bined into one equation in the system for the
wholc pcriod fronl 1961 through 1988.
Thc magnitudes of estimatcd impacts are re―
ported in tables 2 and 3. Impacts with rcspcct

to fam prices are cstimatcd du五 ng different五 cc

programs. The estimated ilnpact of p五 ce on
acreage response for the 1981 crop in this study

is larger at O.29 than elasticitics cstilnatcd by

Grant,Bcach,and Lin(0.13)and J01ly,Ficldcr,
and Traylor(0.16)forthe 1982 and 1979 crops,
respcctively (table 2). Thc difference between

the rcsults of this study and othcrs may be due

to the mcans of calculating elasticitics.

The impacts of a lつ ろ increase in fam pricc
for  operating  retums  over  va五 able  costs

(OROVC)tO the allotment holders and non―
holdcrs for the 1981 crops were estiinated to be

2.20 and 2.36,respectively(tablC 3). ThiS im―
plies that as fam price incrcascd by 10%♭ ,

OROVC increascd by 22`る and 23.6%for al―

Table 2. Comparison of Elasticities with Respect to Own Price

Chen and lto

(1981 crop)

Grant,Bcach,and Lin
(1982 crop)

Jolly, Ficldcr, and Traylor

(1979 crop)

Acrcage Plantcd 029 013 016

Notc: Jolly, Fieldcr, and Traylor did not report elasticitics; thcrefore, elasticitics were calculated bascd on thcir cstimatcd farrn pricc

cOcfrlcients and 1979 data

Table 3.  Impacts of 19ろ  Price lncrease on Revenue and Planted Acreage for Three Rice
Prograln Periods

Earlicr Programs

(1981 crop)

1981 Fam■ Bill

(1984 crop)

1985 Farln Bill

(1987 crop)

Operating rctums over vanable cost

Participantsa

Actual(S/acrC)
Impact(%)
NonPartiCipants
Actual($/acre)
Impact(%)

Participation rate

Actual

lmpact(9ろ )
Acreage plantcd

Participants

Actual(thouSand acrcs)
Impact(%)
Nonparticipants
Actual(thouSand acres)

Impact(%)
Total

19793
220

18508
236

NA
NA

NA
NA

NA
NA
029

24644
1 21

143 17
278

085
-024

2,40200
-037

42800
282
0 11

27669
091

14322
270

095
-008

2,33300
-014

1900
5157
028

a Panicipants and nonpalticipants for thc 1981 crop imply allotmcnt holders and nona1lotmcnt holdcrs,rcspectivcly
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lotinent holders and nonholders, respectivcly.

The difference between the two are negligible
during thc period prior to thc 1981 fam bill.
Under the 1981 and 1985 farrn bills, however,
thc impact clasticities for the C)Rく DVC for the
participants and nonparticipants are signifi―

cantly differento While the impacts on nonpar―

ticipants remaincd at the elastic level(2.78 and

2.70 in 1984 and 1987, respectively), the im―

pacts on the partlcipants decreascd sharply to l.21

for the 1984 crop and O.91 for the 1987 crop.
This indicates that the govcmment programs af―

ter 1981 havc provided stronger support in pro―

gram revenues of the participants when fam
prices were much lower than target prices. On

the other hand, the price impacts for nonparti―

cipants are relatively high,renecting the fact that

rcvcnues of nonparticipants arc directly affected

by market prices.The effectiveness of the gov―

emment prograrn du五ng the recent pe五 od is also
indicated by declining impacts on participation

rates――from-0.24 for thc 1984 crop to-0.08
for thc 1987 crop. The actual participation rate

in the rice progranl was 857♭ for 1984 and 95%
for 1987, respectively. The inclastic price im―

pact estimated for the 1987 crop may reflect the

situation that rice producers needed to stay un―

der goverlllnent protection du五 ng the rcccnt years

of depressed markct conditions.

Finally, impacts of acreage planted are also

very different between program participants and

nonparticipants.The estimated impacts for par―

ticipants are-0.37 and-0 14 for 1984 and 1987
crops, rcspcctively, while those for nonpartici―

pants are 2.82 and 51.57 in the two crop years,

respectively(tablC 3).ThiS implies that, al―
though it is more difficult for producers to cxit

the program over timc, thcy still tend to leave

the program as market price increases, render―

ing a decrease in acreage planted by partici―

pants. Accordingly,when farm prices increase,

acreage plantcd by nonparticipants tends to in―

crcase as producers tend to stay out of thc pro―

grarn, changing from patticipating to nonparti―

cipating。 「Fhe lar.・c impacts estimated for acreage

plantcd by nonpatticipants for the 1987 crop,
51.57%, may reflect its small acreage base of
19,000 acres, comparcd with 428,000 acres in
1984,becausc of introduction of the marketing
loan undcrthe 1985 fam bill.Becausc thc mar―
keting loan a1lowed the markct price to drop
substantiany, it was much harder for producers

to stay out of the government prograln than be―

fore.

Since decisions by the participants and non―
participants regal・ ding acreage planted are in op―
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position,the impact of total acreage planted re―

flects the net effect of these two and are esti―

mated to be O.1l and O.28 forthe 1984 and 1987

crops, rcspcctively (table 3). Comparing the
magnitudc of impacts of acrcagc planted under
earlicr programs(prc-1981)to reCent fam bills

(1981 and 1985 fam bills), the impact during
the pre-1981 fanl■ prograrn appcars to be greater.

This inay reflect a situation of high farlln priccs

観 蠍 曽 冨 :rir‖1部 鶴 籠 塩 ょl朧 :
the acreagc response rclationship for the recent

fann bills has been under the heavy influcnce of

govemment progralns because oflow fam pHces,

and produccrs are apt to bc iniexible and re―

stricted within the program provisions.

Conclusions

The implicit revenue function approach applied

for this supply response study shows prorllise in

providing a comprehensivc sct of progranl in―

struments for agricultural policy analysis. This

study also dcmonstrates the utility of a switch―

ing proccdure that allows evaluation of supply

response behaviors for tilne periods governed by

multiple farm programs in a systcm of equa―
tions.EInpiHcal results froln this rcsearch conl―

pare favorably with thosc of sirnilar studics. In

addition, the model provides signincant rcsults

and valuablc insights on producers' acreage re―

sponse bchavior through thc program partici―
pation decisions.
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