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Estillllates for Evolution of U.S.Rice Supply Response
Using lmplicit Revenue Functions:

Illllplications to the World Food Supply and Trade*

ShdcH Lご Eo W¶
詳∫ギ 燎 導 an」Bharat Mainalifand

This research analyzcs the cvolution of rice supply responsiveness in the U S for the past

threc and a half decades using an implicit rcvenuc function approach.Dctailed govern―

ment program provisions M″ ere incorporatcd into supply function estillllates for each of

four diffcrcnt pcriods ´ゝlthough conventional wisdom maintains that thc rice supply re‐

spOnse is inelastic,the rcsults of this research indicate that the supply curve has not only

shiftcd outv/ard but flattened,becoll■ ing lnore price― responsive in conjunction with loM/er

markct priccs,over tilne.Accordingly,a demand shock may result in less fluctuation in

markct prices,irllplying that v7orld rl■ arket prices are becolning lnore stable over tirne and

that cxporters have to facc rllore compctition

Koyιtlο ttsi supply responsc,irnplicit rcvenuc function,rice.

1. Introduction

Changes in policies and advances in technol
ogy may affect the magnitude of supply re‐
spOnsiveness to a changc in price lt is v/ell

recognized that implemcntation of new poli‐

cies such as production controls influences the

location of supply curves(HalcrOw,Spitze and

AHcn‐ Smith[10,pp 107-147];and Tarrant[15,
pp 84-94],for example)Tweeten and Quance

[16]argue that producers respond differently
to rising and faning prices.´ 1ゝl aspects of tech‐
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nological advances such as development of
new varietics,and water/pest/diseasc manage‐

ment have increased yiclds over tillle,shifting

supply curves outward
Pvlean、vhile,rigidness in production is often

blamed for the volatility of agricultural prices

lt is still v/idely believed that both supply and

demand for lnost agricultural colnlnodities are

price inelastic so that small shifts in either of

thesc two schedules v/ill lead to dramatic
changes in prices(Hallberg[11,p.83])If agri_

cultural production has become more flexible

during recent ycars,the inagnitude of thc pricc

volatility of agricultural products lnay be less

than that in the past, hoM′ evcr And if this

situation emerges in a major cxpOrting coun―

try,it suggcsts that M7orld market prices may

be less volatile
′
「 he concept of“

elasticity"has been ccntral

to empirical analyses of supply and dcmand.
Supply elasticities may not be much help in
undcrstanding thc evolution of supply rcspon―

siveness,howcver(Appendix A)Given shifts
in supply curvcs which appeared to bc taking
place in U.S rice,it is important to investigate

the lnagnitudc of supply curvc shifts over tilne

and M/here they are located currcntly The
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Figure l. Evolution of U.S.agricultural policies

OROVC is specified as foHows:

R=P′ yOS (1)

、/here,R is a unit vector of returns over vari―

able costs(OROVC);P,an 77× l VeCtor of mar―

ket/government prices,ilnplicit rcvenues and

costs pcr unit; 1l an η×κ diagonal lnatrix of

corresponding ylelds; 0, an η× 72 diagonal

matrix of planted area for government subsi‐

dics;and S,an η×l vector of operating func―

tions for thc government program provisions
Yields and variable costs are exprcssed in val―

ues per acre Table l provides each compOnent
of OROVC along with P,XO,and S matrixes
Each rov′ in Tablc l is explaincd in the left

colulnn. For example, the first row for E
(OROVCY)rcpresents cash receipts,the sec―
ond row shoM/s deficiency payments,the third

row indicates prelnium, the fourth row the
payment of the PIK program in 1983,the fifth

row paid land divcrsion progran■  payment,
and thc last row the variable costs. For E

(OROVC5),the first row is cash receipt per
acre(0.52 is applied becausc the participants

usually plant rlnore than the 50'` level due to

establishcd sizes of rice field),the second row

expresscs deficiency payment,and the third,
fourth,and fifth are designated for prenlium,
paymcnt from thc paid land diversion pro―

gram, and variable costs, respectivcly And

last,E(OROVCN)of non― participants is a mul―

tiplication of expected yield and farm pricc

subtracted by variable costs

These three typcs of produccrs account for

total rice area planted in thc individual rice
producing regions Therefore,total area plant‐

ed can be dccomposed into three individual
portions:

傘忘 鮒 軍が で 含

T'爬
tガ ,弓;金1,②

and AY,ノヽ5,and AN are areas planted by pro―
granl participants(but nOt participating in thc

50/92 option),50/92 0ptiOn participants,and
non‐ participants,respectively The Greek let―

ters,α ,β,and γ,are weights for the individual
groups,and AT is total areas planted By the

same token,OROVC nceds to be proportion―
ately weighted according to the contributions

to total areas planted to represent an OROVC

in each rcgion.

E(OROVC8294)三 αE(OROVCY82,1)
十βE(OROVC58294)

lγE(OROVCN8294)  (3)

Historically, the proportion planted by pro‐
grarll participants and non―participants is 85%

and 15%under 1981 farm bill during the 1982
and 1985 production years Subsequently,the
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Policy parametors for program participants,the 50/92/85 option participants, and non―
participants in the ricc progranl during 1981 and 1994

Rcvenuc/costs
Price,cost,paymcnt rate

P
Yicld unit
y

Acrcagc Unit

O

Policy option

opcrator

S

*I)rottanl paJ―E(OROVCY)__________
Cash rcccipl             E(PF)          E(YD)
Dcf pay【 ncnts      PT― l`AX(PL,E(PF))     YDG
Prcnliuin           E(PF)一 E(PFV√ )      E(YD)
1)IK paymcnt           08× E(PF)         YDG
PIン I)payrnent           PPLD           YDG
Variablc costs            PVC            -1
1工上⊆旦壁2盈墾ユ2ュ堕型LttlttfttantS,E(OROVC5)___
Cash reccipt             E(PF)          E(YD)
Dcf payments   (PT― MAX(PIン ,E(PF)))× R50  YDG
Prcmiunl        (E(PF)一 E(PFM√ ))× 052    E(YD)
PLD payment            PPLD           YDG
Variable costs         PVC X052         -1
*NOI)prOgra■

l■]riClpants,E(OROVCD____

1-RARP― IRPLD― RPIK― RFIッX+RFLXIN
〕一PARP― ItPLD― RPIK― RFI´X

l― RARP― RPLD― RPIK― RFIッ X■ RFLXIN
RPIK
RPIンD

l― RARP― RPI′D― RPIK― RFLX+It「 LXIN

(1-RARP― RFLX)X052
1-RARP― RFLX
l― RARP― RFLX
RPLD

l― RARP― RFLX

‐

Ｃｌ

Ｃ２

Ｃ３

Ｃ４

‐

　

‐

Ｃｉ

Ｃ２

Ｃ４

‐

Cash rt‐ ccipt

Variablc costs

E(PF)
PVC

E(YD)
-1

Dcfinitions of variable names in P,ス 0,and S COlumns arc as follows:E(OROVCY),E(OROVC5),and
E(OROVCN)=cxpected OROVCs for program participants(but not participating in 50/92 0ption),50/92

0ption participants,and non― program― participants,rcspectively;E(PF)=expccted farm pricc;PT=target

pricc:PL=loan ratc;E(PFヽ V)=expccted USDA‐ announced world ricc price;PPLD=payment rate for paid

land divcrsion prograrni PVC=variable costs;E(YD)=expected yield;YDG=government prograrn yield:
RARP=rate of acreage reduction progranl;RPLD=rate of paid land diversion program excluding thc I)IK
progralni RPIK=rate of PIK progralni RFLX=ratc of flcx prograln:RFLXIN=rate of areas flexcd‐ in;

R50=0 92 for 1986 through 1993 and 0 85 for 1994 production;Cl,C2,C3,and C4 are switching variablcs,
whcrci Cl=Oif PT<E(PF),otherwisc l;C2=Oif E(PF)<E(PFVV),otherwisc l:C3=l for 1983 otherwise 0
for the PIK progranl:and C4=l for years、 ハ′hen thc paid land diVcrsion program is implemcnted

proportions M″ere generany 85%` for program
participants,10,`for 50/92 0ption participants,

and 5% for non― participants undcr the 1985

and 1990 Farm Bills

2)OROVC for 1961 through 1981
Ricc has been one of the crops that are pro―

tccted by the Colnlnodity Crcdit Corporation

(CCC)nOn― recourse loan prograrn since 1941

(Setia ct al.[14]).It was Only after the Rice
Production Act of 1975 that the both target
price and loan rates M/ere applied to rice Du―

ring 1961 and 1975, therefore, rice producers

basically depended on thc loan rate,v/hich v7as

available only for anotlnent holders,subiect tO

a rnarketing― quota penalty.Total area plantcd

to rice v″ as consistently less than the total al

lotted area until 1973(Childs and Lin[6])

In the wake of the oil shock and food short―

ages in the carly 1970s,market priccs incrcased

and the lnarketing quota penalty M/as suspend―

cd in 1974 and after.Nlarket prices remained
above target prices until the 1981 production
year Rice production before 1974 M′ as con―

trolled by the anotlnent systcm for M/hich the

government closely monitored market prices

and decided allotted areas for rice each ycar.

lvleanv″ hile,producers expected their revenue

to be based on the higher of current market
prices or the loan rate,and areas planted werc

sct by the allotinent During 1974 and 1981,
v/hen market prices v/ere above the govcrn―

ment prices and no marketing quota penalty
v/as imposed,rice producers v″ ere free to ex―

pand rice acreage v/hile the allotlnent holders

M″ ere still entitled to the target priccs as a

safety net

Accordingly,the OROVC during 1961 and
1981 should be calculated as follows:

E(OROVC6181)

=E(YD)× MAX(PT,E(PF))― PVC, (4)

where E(YD),E(PF),and PVC are the samc
variables as explained above,and PT is loan
prices for 1961 and 1975 and.target prices for

1976 through 1981.



Estilnates for Evolution of U S Rice Supply

3)SpecifiCations for supply response equ‐

ations

(1)Acreage response to change in
E(OROVC)

The  acreage  response  incorporating  the
ROVC is specified as follows:

AR=/(AR l,E(OROVC)tlG)   (5)
whcre,APlis area planted in the t― th period,E

(OROVC)l is cxpected operating returns over

variable costs for thc t‐ th period,and G rcpre―

sents other lniscellaneous variables To cvalu―

ate a change in responsiveness of area planted

to a change in OROVC for a certain time pe―

riod v/hich is suspccted to have a diffcrent rc―

sponse froln that in thc rest of the pcriod, a

slope‐ durnlny has to bc applied:

AR=/(AR l,E(OROVC)1,
D(E(OROVC))lG)     (6)

whcre,D(E(OROVC))l is a slopc dummy of
E(OROVC)t lf the estimated coefficients of

both E(OROVC)and D(E(OROVC)),say βl
and β2 With βl>0,are significant,this indicates

that there v″ as a changc in acreage response to

OROVC during the period implied by the
slope‐ durlliny Namely,slopes、 vould be a total

of the coefficients,β l+‐β2,fOr the specific tilne

pcriod relative to βl for the rest of the observa―

tion pcriod lf β2 iS positive, acrcage rcspon―

siveness was stronger for the designated pe―

riod than the rest,and if β2 iS negative 、vith

O<lβ l+β 2<lβ l,acreage responsivencss was
v′ eakcr for the designated period

(2)Acreage response to change in prices
lヾext,it is of particular interest to find acreage

rcsponsivencss relativc to a change in farm
prices over time instead of OROVC;this allows

us better― understanding of how lnuch the cur―

rent supply depends on changes in market
priccs To do this,it is necessary to estilnatc

the responsivcness of E(OROVC)to a changc
in cxpected farm price,E(PF). Becausc farm
policies change over tirne, the magnitude of

thc responsivencss of OROVC to PF also chan―
gcs ノヽccordingly,it is also important to esti―

mate the differcnce in response of E(OROVC)
to changcs in E(PF)for a designated period
Thc foHoM/ing specification win be estirllated:

E(OROVC)=/(E(PF),D(E(PF)))  (7)
Assunling both of the estilnated coefficients,

say δl for E(PF)and δ2 for D(E(PF)) as a
slope dullliny,are statisticaHy significant,and

Response Using lmplicit Revcnue Functions     イθ

using the chain rule,acreage respOnse to pric―

es v/ould be calculated as folloM′ s:

△AR=z厄
て:貪:雨て分

一
珈

△Ⅸ

",
and                                (8)

△AR=(満 十   )・

(珈
十
器 )・

△E(PF) (9)

for the normal period and dulnlny pcriod,re―

spectively, whcre E(PF)and D(E(PF))are
expected farm price and its durnlny variable,

respectively Thesc equations are rcv″ rittcn as

follo、 vs:

△APl=β lδ l△E(PF),     (10)

and
∠И鳥 =(β l+β 2)(δ l+δ 2)∠E(PF) (11)

where.

け
珈

,

島=aDl百●面ヌた万' a=繭 両ァ,
and if β2 and δ2 arc both positive,it indicates

that the slope of the acreage response schedule

during the designatcd pcriod is grcater than

the rest of the period.

To shoM″ an acrcage rcsponse supply curve

in the supply/demand curvc diagram,slopes
arc expressed as inverses of the total coeffi

cicnts indicated in equations(10)and (11),
1/(β lδ l)and 1/((β l+β 2)(δ ltt δ2)),respectively.

Thc flatter the slope in the diagram,thc morc

responsiveness of acreage to change in priccs.

(3) ProduCtiOn response to changes in
prlces

lncreases in yields over tilne are critical for

production and supply Equations (10)and
(11)can be expresscd as production responsc
if both sides of each equation are lnultiplied by

expected yieldi

△Q=β lδ lφ l△E(PF) (12)

△Q=(β l+β 2)(δ l+δ 2)φ 2△E(PF)  (13)

M/here φ,and φ2 are expectcd yiclds for the or‐

dinary pcriod and the dcsignated period, re‐

spcctively.If φ2>φ l'then supply response dur―

ing the designated period is expected to be
even greater than the lnagnitude expressed by

the acreage response

(4)Expectcd farm prices and yields
Rice planting takes place during April and

島=赫 スπ5'
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NIay cach year Thcrefore,ricc market priccs
during the period ilnmediately preceding
planting such as in January throughノ pヽril are

critical for rice producers in deciding rice acre‐

age for the year. Up to 1995, thc government
announced its rice prograln in January, and
the producers wcre supposed to sign up for thc
program by the end of lvlarch v/hether or not

they participatc in the program.ヽ Vhile the par―

ticipants basically lnade their decision by thcn,

the non―participants had flexibility to a certain

extent until the cnd of the planting season
Thcrefore,it rnay be lnore realistic that expect―

ed priccs bC composed based on average of
January―through― April lnonthly farm received

priccs for rough ricc

Nlonthly national average prices reccived by

farmers are available from the U.S Depart―
ment of Agriculture(Setia et al[14]).1/1ean_
while, Inonthly v/holesale  lllined_rice price

data are available for individual regions in thc

U.S.Comparing thesc rllonthly M/holcsale pricc

data betv″ een the Southern states and Califor―

nia,price lrlovements are quite different in the

two areas betv/een the 1980s and 1990S,relative

to the movements in thC 1960s and 1970s
Opposite price movcments occurred about
t、/ice as frequently during recent years.There―

fore,while monthly national farm prices M″ ere

employed throughout the period of study for
2ヽ rkansas and 1961 through 1981 for California,

monthly lnillcd― ricc 琢/holesale price data ad―

justed to farm prices based on roughrice v/ere

uscd for California during 1982 through 1994.

Despite the fact that yields may be a func―

tion of prices,area planted,research(techn01

ogy developmcnt),weather etc.(Anderson
and Hazell[1]and Grant,Beach and Lin[9]),
functional estilnates for yields may end up
v7ith larger variance ノヽccordingly, expectcd

yiclds in each individual state v′ as estirllated

as one year laggcd 3-year-lnoving― average.

3. Data

The analysis was conducted based on annual
data for 34 years from 1961 through 1994 1t
v/as attempted to compare the first half and

second half of the study period regarding acre―

age and production rcsponses to prices Gen‐
crally,one rl■ ightintend to run a regression for

the v/hole period with a slope‐ dulnrlly for thc

second half ofthe period ln the U.S rice situa―

tion,hov/ever,the policies drasticaHy changed

after 1981,and estilnation of one equation for

the whole period may not be appropriate
Therefore,tM″ o equations wcre estilnatcdi onc

for 1961 through 1981 and another for 1982
through 1994´i dull1lny slope variablc v/as ap―
plied for the first equation for the period of

1977 through the end,1981 The years 1976 and

1977 are locatcd right at the centcr of the
whole study period.The flex program,intro‐
duced in 1991 and imposed on evcry program
participant,had a dramatic impact on produc―

ers.Although changes in OROVC duc tO the
flex prograln arc incorporated,there is no rca―

son to believe that arca planted v/ould respond

to a changein OROVC in the same way thatit
did before thc flex v″ as introduced ln fact,thc

flex systelll gave thc prograln participants

more flexibility in making decisions on thcir

areas plantcd M/hile their deficicncy paymcnts

v′ ere cut Thercforc, a slope― dulrlllly during

1991 and 1994 M″ as applied in the second cqua‐

tion As a result,acreage and production re―

sponse v/ere cstirnated for four pcriods; 1961

through 1976 and 1977 through 1981 by the
first equation,and 1982 through 1990 and 1991

through 1994 by the second equation
Arkansas and California were sclected for

this study Arkansas is thc largest among the

six major rice producing states accounting for

approxilnately 40% of total U.S rice produc‐

tion California is the only state outside thc

South producing rice Rice production in Cali―

fornia differs from the Southern production
because the type of rice produccd is lnainly ja―

ponica ricc,and therc are occasional drought

problems Examination of these two maior
states should provide a good viev″ of changcs

in U S rice supply response as M″ en as thOse of

other crops over tilne

The major sources of data are the USDA's
Иg″θ
“
ルzγα′Sttι″s′′θs[24]and R″ θθ Sjιzα′ゲοη

α77α Oγ′′οοた yθα″わοοた [21],Child and Lin [6]

(Rグθθf Bαθにぎoクηαメ9″ ヱθθθ Fα r777 Lθ gグ s′α′グοη),

and Setia a′ α′ [14](T/1θ aS Rグεθ J71αクs′り)
for supply― side data and p01icy variables for

rice USDA'sOグ′Crοps sグ′γαιグοκ α72α  O1/′′οοた
R9ρογ′〔17〕 v/as also used for supply― side data

for soybeans Data for costs of production v′ ere

taken from Eθοηο777′θ f21αグθαιο6げ ι力θ Fαη7?
Sθθ′οr Cο s′sο/PЮα2θιグοκ―ンヽイのοr FグθιごC“οps

& Lグυθsιοεた αηα Dαゲ42 ′θθf [18]and lθ_92

[19].The lnissing cost data before 1975 and
after 1992、vere created using a trend of the



一　

　

　

　

　

　

　

　

　

　

　

Ｃ

　

　

　

　

　

ｌ

■
■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

■

―

―

―

―

―

―

―

日

日

―

―

ロ

ロ

ー

ー

ー

ー

ー

ー

ー

ー

‐ｃｅ‐ｅｖｃ‐ｓ，ｍ̈　　̈い，ｉｔｉｖｅ，ｉｎｄｉ．一̈　一̈ｆｏｒ‐９９‐̈‐ｎａ‐ｔｅｒｎａ．̈ｂｅｄｕｅｔ。̈̈
ｂｓｅｒｖｅｄｉｎｎｏｔｈａｖｅｎｄｉｎ‐ｉｎｅ　̈
‐ｉｔｉｖｅｃｏｅｆ̈‐‐９９‐ａｎｄ＞ｎｓｉｖｅｎｅｓｓ・９０ｐｅｒｉ。ｄ，



r

イδ

Table 2b. ResponSes of

Californial)
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areas planted tO Change in OROVC fOr different time
periodS in ArkansaS and

1961-1976 1977-81 1982-90 1991-94

Arkansas
Slopes

California

Slopes

0501

0105

0925

0.303

1135

0688

1713

0.688

1)Results are quOted from the figures in Tablc 2a

l,000 acre due to change in OROVC by Onc dollar

Table 3a.Statistical results Of respOnse of OROVC tO farm priCes for riCe in ArkansaS and Californial)

Each number indicates a change in areas planted in

Dependent variables:E(OROVC)
Arkansas California

1961-1981 1982-1994 1961-1981 1982-1994

E(PF)

Slope dullliny

1977-81

1991-94

R2

R2
No of ObS

4557*沐

(417)

621

(327)

(― )

0870
0.856

21

2326**

(513)

(― )

687

(346)
0676
0612

13

5287**

(385)

1333*オ

(302)

(一 )

0913

0903
21

2776**

(846)

(― )

1122*

(3.96)

0.583

0500
13

parentheses are standard errors M瓦
=ers**and*indiCate l%and 5%signifiCance leVels,

1)Numbers in

respectiVely

Table 3b. ResponSes of()ROヽ「C to farm prices in ArkansaS and Californial)

1977-81 1982-90 1991-94
1961-1976

Arkansas
SlopeS

California

Slopes

4557

5287

5178

6620

2326

2776

3012

3898

1)Calculated from th」 :stimated coeffiCients reported in Table 3a

suggesting that the flex had a cOnsiderable inl―

pact on areas planted in Arkansas The flex
prograrn made producers more responSiVe to

changesin OROVC.
For California, two regresSiOns v7ere esti‐

mated in basiCally the same manner aS fOr
ArkansaS(Table 2a).4)All the eStimated coef―

ficients are statiStiCally significant The results

of the first regressiOn for the 1961-81 period in―

dicate that acreage respOnse to Changes in
OROVC WaS greater for the 1977-81 period
relative to the preViOus period in California.

The reSponslveness alI■ost tripled, a muCh

mOre dramatiC Change than Arkansas, Ⅵ/hile

肌忠
i零

打腑 増癬 鰐
i鮮
露

California.The regressiOn results fOr the 1982-

II!I露 糧 幣 潜 犠 弊 [11:毒

much  ilnpact  On  acreage  response  ln
California BecauSe production costS per acre

in California are quite high deSpite greater

1982-90,and 1991-94 in both States

::}ir:::11[i構 il[]illlil:tili」 illlili:

4)There are nO malor alternatiVe cropS

California;therefore,Variables Of OROVC

native crops M/ere olnitted

tO rice in

fOr alter‐



Estirnates for Evolution of

Table 4. Evolution of rice

US.Rice Supply Response Using

acreage response to farm prices

Irnplicit Revenuc Functions

in Arkansas and California

1961-1976 1977-81 1982-90 1991-94

Arkansas
Slopesl)

California

Slopesl)

2283

5546

4789

2005

2640

1911

5161

2683

1)Each slope indicates a change in acreage in l,000 acres in response to a change in farm prices by one

dollar

Table 5 Evolution of rice production response to farm prices in Arkansas and California

1961-1976 1977-81 1982-90 1991-94

Arkansas
Slopesl)

Inverse2)

Elasticities3)

California

Slopesl)

Inverse2)

Elasticities3)

1,012

9879× 10-4

0.769

291

3433× 10-3

0274

2,039

4904× 10-4

0593

1,239

8073× 10-4

0630

1,324

7550× 10-4

0170

1,401

7133× 10-4

0355

2,767

3613× 10-4

0.219

2,255

4433× 10-4

0404

1)Tvlultiplied by average yield for slopes in Table 4 The figures indicate changes in production in l,000 cwt

in response to a changc in farm prices by one dollar  2)InVerse of the slope in each period in each state
3)calCulated at the lneans

Table 6. Average figures for different periods in Arkansas and California

1961-1976 1977-81 1982-90 1991-94

Arkansas
Area planted,1000 ac

Yields,cwt/ac,rOughrice
Production,■lill cwt,roughrice

Expectcd farm pricesl)

California

Area planted,1000 ac

Yields,cwt/ac,rOughrice

Production,ュ〕ill.cwt,roughricc

Expected farm priccsl)

5366
4434
2379

1808

3651

5253
19.17

1808

1,1660

4258
4965
1444

4594
6178
2838
1444

1,1455

5017
5747
738

4128
7337
3028
767

1,3500

5363
7240

572

4280

8407
3598
645

1)Deflated by consumers price indcx(1985=100)

the total response for different tilne periods

calculated from the regression results.The fig―

ures in Table 3b indicate that farln prices were

strong factors in producers'revenue per acre

during the 1961-81 period. The irnpacts de―

creased by alinost half during the 1982-94 pe―

riod in both states.This reflects the fact that

the diverted area per acre designated for rice
production become larger after 1981 relative to

the previous period,indicating that a portion

of income sources per acre 、vas replaced by
government subsidies.Note,however,that the

magnitude M″ ithin each regression period is
larger for the more recent period

NoM′,acreage response to farm prices、 vould

be the result of lnultiplication bet、 veen the in―

dividual slopes of acreage respOnse to ORO 「ヽC

(reported in Table 2b)and the corresponding
response of OROVC to farrn prices(reported in

Table 3b).The results in Table 4 indicate total

responses of acreage to a change in farrn prices

via responses of OROVC as shown in Equa―
tions(8)and(9).
It is irnportant to incorporate increases in
yields over tirne into the acreage response,so

that it is possible to evaluate production re―

sponses to a change in farnl prices Rice yields

decreased during the 1977-81 period in Arkan―

sas due to rapid increases in area planted in

the state. However,yields increased dramati―

cally after、 vard and average yield in 1991-94
period Ⅵ″as 53.63 cwt per acre,a20%` increase

over 1961-76 period(Table 6).Meanwhile,
yields in California increased over tilne, and
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1961-76

average yield during 1991-94 period was 84 07

cM/t per acre,60%greater than the 1961-76 pe‐

riod.The numbers in Table 5 are the final esti―

mates of production response of rice to a
change in farnl prices.´ l one―dollar increase in

farrn price led to an increase in rice production

of l lnillion c、 vt during the 1961-76 period and 2

million c、 vt during 1977-81 period in Arkansas

The increase was small(1.3 million cwt)dur―
ing 1982-90 period due to heavy government
control.HoM/ever,this rose to 2 7 rnillion c、 vt

during the 1991-94 period,alrnost three tirnes

Sぅ

1977-81

S3
ヽ
、

1982‐ 90

S4
1991‐ 94
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Figure 2. Shift in rice supply curve in Arkansas(1960s-1990s)
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Figure 3. Shift in rice supply curve in California(1960s-1990s)

S3

the effect in the 1961-76 period.

In California,on the other hand,a one― dollar

increase in farrn price had the effect of raising

production by less than a third of a lnillion cv/t

during the 1961-76 period,but by 1 2 rnillion

c、vt during the 1977-81 period,an increase of 4

tirnes.Contrary to Arkansas,the increase con―

tinued beconling larger during the 1982-90 pe―

riod,and it reached 2 3 rnillion c、 vt during the

1991-94 period,eight tirnes as lnuch as the fig―

ure in 1961-76 period

The corresponding inverse figures of the

M■11■ ion cAt′ rougけ ice



It is irnportant to understand hoM/ produc―

tion responsc to a changc in market prices has

cvolved  Government programs have also
cvolved along、vith changes in market situa―
tions and  influcnced  produccr  behavior
Thcrefore,it is ncccssary tO includc the effects

of govcrnment programs and othcr influences
in evaluating production responses to change

in prices ovcr tillle Using an implicit revcnue

function,which incorporates thc complexity of
government programs, production respOnscs
during the 1961-1994 period M/crc analyzed.
According tO the rcsults, U.S ricc acreage re―

sponsc to a changc in farm priccs is much
greater in the 1990s than in earlier pcriods lf

increases in yields arc incorporated,the mag―

nitude of the production rcsponse to a change

in prices is evcn greater,almost three times as

iarge in Arkansas and 8 tilnes as large in
California relativc to the responsc during thc

1960s through the rnid-1970s

Rcsponse Using lmplicit Revenuc Functions

The causcs of these changes in responsive―

ness are nlultiple First, increases in yields,

v/hich are the composite of newer varictics
and better managcment ofirrigation and pcst/

discase/insects, arc phenomenal Becausc of
highcr yields per acre,the magnitude of acre―

age adjustlllents required for a givcn modifica―

tion of production is smaner. secOnd,advanc―

es in conllnunication tcchnology in coniunc_

tion with thc application of computer and tele‐

COlllinunications systems transrllit markct
signals to produccrs more quickly and pre―
cisely over tirne 2ヽ 1l of the different informa―

tion sources such as Tヽ7,radio,nev/spapers and

iOurnals have taken advantage of advances in
COllllnunications technology,and the amount
of information made available has increased
Third,it rnay be true that advances in colnlllu―

nications technology also help producers to
adopt new production technologies more effi
ciently Finally, government policies more
closely foHo、 v the changes in the rnarket situa―

tion Vヽhile policies used to be rigid and inflexi―

blc,they can noM/ be adiuSted to changes in
market conditions lllore rapidly,making deci

sions on area planted more market― oriented
NoM/, thc U S government introduced a
completcly different policy in April 1996 1n

the Federa1 2へ griculture lmprovement and Re―

form Act of 1996(FAIR),thc acreage reduc‐
tion programs and deficiency payments,which
had lasted for decades,were abolished(USDA

[20])Producers are noM′  completely free of
any restrictions of groM/ing crops exccpt for

fruits and vegetables,v″ hile they receivc the
production flcxibility contract payments This

new policy may have lnade thc producers eas―

ier to respond to change in inarkct prices than

M/ith the previous programs

The statistical rcsults obtained in this re―

search and the new policy implemented in the

US.since 1996 imply that(1)rice prOduction
nowadaysis so sensitive to a change in lnarket
prices that thc fluctuation of market prices

should be rnuch lcss than before;(2)because
the supply response is so sensitivc, rnisinfor―

mation on expectcd market priccs, if any,
tends to create over― supply more easily than
before;(3)production rcsponsiveness has be‐

come much greater with the introduction of
the F´ IゝR Finany(4)this overall general trend

may be augmcnted in the long run due to fur―

thcr development of production tcchnology
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and informatiOn services that facilitate lnarket

prfi:1じ

iξl:rle second largestrice exporter,
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and[23])
The fact that rnore Asian countries are get―

ting involvcd vア ith rice trade due to decreases

or sloM/ increascS in domestic rice cOnsump―

懲鸞幅鮒鰍

aslnuch as they used tO and lnay become even

less v01atile in the future
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Appendix A:Supply Elasticities

and Responsiveness

llllaginc t、 vo differcnt supply curves,Saand Sb,vパ th
different slopes fronl each othcr in Fig A‐ l and as‐

sume that thcy arc cquilibrium at p.and qa for S.

and pb and qb for Sb Supply elasticities,η a and ηh,

Responsc Using lmplicit Revenue Functions    δゴ

、′ould bc calculated for SA and Sh as folloM′ s,respec‐

tively:

ηn=βapa/q3, and ηb=β bpb/q卜 ,  (Al)
where,β a and βb are Supply slopes(∂ Q/∂P)for snand

S‐ Assumc that:

βb=2β。,ph=3/4pt,, and qb=3/2q.,  (A2)
v′ hich describe the situation in Fig A‐ l Rclationship

bctween the tv/o calculatcd clasticitics v′ ould be:

ηa=ηち, (A3)
cxactly idcntical despite the fact that supply v′ ith

S‐ is twice as responsivc to change in prices as Sa

/

Fig.A‐ 1. Two supply curves with two
identical elasticities

Appendix B:Different lmpacts Dependent
on Slope of Supply Curve

Fig B-l demonstrates the diffcrcncc in impacts on

change in prices depending upon slope of supply

curve,when demand curve shifts The original equi
librium、′as at poand q(,forthe dcmand curve D and

supply curves Sa and Sb with Sぃ bein`ζ flatter than

Sa

Assume a case that the demand curvc shifts out‐

ward from D to D′ A ncw cquilibrium with Sa is at

paand q.,while the ncv′ equilibrium v′ ith S,is at

phand q.Change in priccsis rnuch smallcr v′ ith flat‐

ter supply curve,Sb,than steeper onc,Sr

P

車二J   )

Fig.B‐ 1. Difference in impacts depending

upon slope of supply curves


