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Abstract  
In a strategic trade policy, it is assumed, in this paper, that a government 

changes disbursement method so that the reaction function of home firm approaches 
infinitely close to that of foreign firm. If so, the government is able to reduce the 
subsidy, in some cases to negative values. The latter cases mean export tax. In the 
framework of Cournot-Nash equilibrium, Eaton and Grossman[1986] showed that 
export subsidy is preferable to export tax. In this paper, it is shown that export tax is 
preferable to export subsidy in some cases in the framework of Cournot-Nash 
equilibrium, considering the uncertainty in demand. Historically, many economists 
mentioned non-linear subsidy. However, optimum solution of it has not yet been 
shown. The optimum solution is shown in this paper. 
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STRATEGICTRADEPOLICYANDNON-LINEARSUBSIDY

fTisaoYoshiI10

I INTROI)UCTION

Underconditionofinternationaloligopoly,acountry'stradeprofitcan be

increasedbyexpandingproductionvolume･Additionalrentforexportil一g丘rmbrought

byexpansionofproductionvolum eincreasesacountrylstradeprofit･Individual

governmentsthustendtoprotectandfosterdomesticindustries,itltendingtocapture

andincreaserelltS.

Toclarify theeconomiceffectivenessofstrategictradepolicyundersuch

conditions,weassumeacasein whicheachfimlcompetesinaCoumot-type

quantitativeframework,consideringuncertaintyindemandbasedonKlempererand

Meyerl1986].Productionbydomesticandforeignfirmsisexportedentirelytothird

countries,i.e.,noneoftheflrmSIproductionisconsum edineithercountry.WealSo

assumethatproductsaresubstitutable.

InitialworkinthisareawasdonebyBranderandSpencerl1985];theirmodel

hasbeenextendedbyEatonandGrossman [1986].Thebasicideabehindastrategic

tradepolicylSaSfollows.First,Weconsiderthecaseof&eetrade.InFigure1,pointE

showstheCoumot-Nashequilibrium ,whichistheintersectionofreactionfunctionsfor

thehomeandforeignfirms.PointSindicatestheStackelbergequilibriurnonwhich

homefimlCanmaximizeitsproBt,existlngOntheisoIPrOfitcurve,7TF･Ifahome

firmisaStackelbergleader,itispossibletoreachpointS.However,aforeignfirm isin
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thesamesituation.As thetwofirmsconfrontthesameconditions,itisimpossibleto

identifyaStackelbergleader.

Despitethisconstraint,ifthemarginalcostsofthehomefirm decline,itwiH

expanditsproductionirrespectiveoftheproductionleveloftheforeign丘m .

Governmentcanincreasethefirmrsincentivetoproducebysubsidy.Ifthegovernment

choosesan appropriatesubsidylevel,thehomefirmcannowattaintheStackelberg

equilibrium.InFigure1,thereactionfunctionofthehomeflrm ShiRsllpandtotheright,

showingtheinfluenceofthegovernmentsubsidy･(Thisisthecaseoflinearsubsidy.)

ThehomecountryTstradeprofitscanbeobtainedasexportprofitsofthehome

firm mintlSthegovernmentsubsidy.Theiso-profitcurveofthehome丘m under斤ee

tradeatpointS,theStackelbergequilibrium,isequivalenttothetradeprofltSOfthe

homecountryatpointS.Undertheabovescenario,agovenmentcanmaximizethe

homecountlyrStradeprofitsbysubsidy.

EatonandGrossmanl1986]ShowedthatexportsubsidyispreferableinCournot

typecompetitionifconjecturalVariationofhomefirm islargerthantheconsistent

conjecture.TheyalsoshowedthattheexporttaxispreferablehBertrandcompetitionif

conjecturalvariationofhomefirm issmallerthantheconsistentconjecture.

KlempererandMeyerl1986and1989]introducedtheuncertaintyintodemand.

Theyshowedthatfirmschoosequantity(price)tocontrolincompetitionifthecostcurve

isconvex(concave).Therefore,themarketconductshould beCoumot-typeand

Bertrand-typeundertheassumptionofuncertaintyindemand･

Qiul1995]studiedthenon-linearsubsidyusingthisclassification.Heasstlmed

thecostcurveisquadraticformofproductionvolumeandtheconstantterm iszero.



Then,thesubsidyisassumedtobeaquadraticfunctionofproductionvolume･Firstly,if

theslopeofmarginalcostcurveisnegative,itshouldbechangedtozerobysubsidy.

Secondly,subsidizationisconductedtoattainoptimum pomt･lnthelattercase,subsidy

shouldbeasameamountforanyproductionunit,

1m血spaper,itisassumedthatthecostcuⅣeisaquadraticfb- ofproduction

volumeandtheslopeormarginalcostcuⅣeispositive,Then,itisalsoassumedthatthe

slopeofmarginalcostcurveisratherlargeandthemarketconductisCoumot-type,

basedontheclassificationofKlempererandMeyerl1986].

1tisshownthatwecanfindacaseinwhichexporttaxispreferableinCoumot

typecompetitioninthispaper･Whenagovemmentlevytaxonhomefirm,production

ofitwillincrease.Then,ComparedwiththecaseofBatonandGrossmanl1986],it

becomespossibleforgovemmenttoabsorbamonopolisticrentfromhomefTlrm･
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II SUBSII)YDISBURSEMENTANDCHANGESINTHE

REACTIONFUNCTION

Here,weassumeademandfunctionasfollows.Boththehomefirmand

foreignfirmareconfrontedwiththisdemandfunction.

p-fltx)

-a(x+X)+b (a<0,b>0,x:productionofhomefirm,

X:productionofforeignfirm)

Becausethehomefin determinesitsproductionatthepolntWheremarginal

revenueisequaltomarginalcost,thefollowulgrelationshipholds･Thehomefm rs

marglnalcostisassumedtobecx+d.

Mr-Mc-r(x+X)x+f(x+X)-Mc

- ax+a(x+X)+b-cx-d

-0

∴x= 二二生 x+ 二些
2a-C 2a-C

Similarly,areactionfunctionfortheforeignfirmCanbeobtained･Theforeign

firm'smarginalcostisassumedtobec'X..

(1)

-b
x=__二竺_x+-
2a-C1 2a-cT

Then,reactionfunctionofhomefirmcanbeexpressedasfollows.



(2)
X =

-b+d

E7

-b

コ(7-C'

2a-C -b+d
X+
-a a

g I

Figure2

Bysolvingequation(1)and(2),weobtaintheequilibriumpointRunderfree

tradeasfわllows.

ab-bcL2ad+C'd 2a2b-3abcr+2a2d-acrd-2abc-bcc-
良
13a2+2ac+2ac'-cc' -3a2+2ac+2acLccr

Tfthereactionfunctionofthehomerlrmapproachesgraduallyandinfinitely

closetothatoftheforeign丘m,thenewequilibriumpointR*Can bedeschbedas



follows.I

(一三)3 (芸)3
(:)2･(芸)27(:)2I(芸)2

Theedgeofhomefirm'sreactionfunctiononthexaxisapproachesinfhitelycloseto

thatofforeignfirm'sreactionfunction･Samerelationshipholdsontheyaxis･

Inthispaper,itisassumedthatthereactionfunctionoftheforeignfimldoes

notchangeinresponsetochangesinthehome丘m'sreactionfunction;instead,it

remainsillthesameposition.



II_1 THEIIOMEFIRM'SREACTIONFUNCTIONISSHIFTEI)

BYSUBSIDY

lfthehomegovernmentspendsaconstantsubsidysperunitofproduction,the

reactionfunctionofthehomefirmcanbedescribedasfollows.

一a -b+ d -s
x= X+
2a-C 2a-C

Therefore,productionofhomefirmincreasesfromxtox'.

(b-d)(2a-C')-ab (b-d+S)(2a-C')-ab

13a2+2ac+2acLcc, 13a2+2ac+2ac.-ccr

5(2a-d)

(3) _372+2K+2a14

whenwecomparethexcomponentoftheequilibriumpointR 'andR,the

homefirmTsincreaseinproductioncanbedescribedasfollows･



ab-bc'-2ad+C'd

-3a2+2ac+2̀好.-CC･

Ttispc･ssibletoobtainthevalueofsubsidysperunitofproductionby

substitutiJlgthisvariableintoequation(3).

(-3a2･2acI2acLcc･)

2α-ct

ab-bcT-2ad+ctd

13a2+2ac+2ac,ICC.

Thesubsidysperunitofproductionisneededforthehomefirmtoincrease

production斤omtheequilibdumpointRtoR*throughashininitsreactionRlnCtion.

Theamountofsubsidyinthiscaseissx'.

(3') ∬'
(-3a2･2m･2m,-cd)
2a-C-

__上し
(:)2I(£)

ab-Lc--2d+C-d

13a2+2m+2U ,-A



I1-2THEHOMEFIRM-SREACTIONFUNCTIONAPPROACHES

INFINITELYCLOSETOTIIEFOREIGNFⅡM 'SREACTION

FUNCTION

Weassumethatthehomegovem entdisbursesthesubsidytomanipulatenot

onlytheconstantcoefrlCientdinthemarginalcostofhomefirm,cx+d,butalsothe

coeffTICientc.lnthiscase,thehomefirm'sreactionfunctioncanbemadetoapproach

infinitelyclosetotheforeignfirmrsreactionfunction.Equation(1)and(2)areequalized

atthelimit.Wh enweassumethecoefficientofxandconstantcoefficientareidentical

inequation(1)and(2),weobtainequations(4)and(5).

(4)

(5)

2a- C -a

-a 2a-C'

-b+d -b

a 2a-C.

ltispossibletoobtainthevaluesofcanddatthelimitbysolvmgthesetwo



equations.

-a(3a-2C') ,. ab-bcT
d =

-2α+C- 2α-C'

･5･, I.xR*((cIC*)x･(d-d+))k
Theamountofsubsidyinthiscasecanbeobtainedasfollows.

-[ト
-a(3a12C')

Here,wecomparesubsidyamounts･As showninAppendixI,theamountof

subsidyin(5)'isalwayssmallerthan(3)'.TbjsmeanSthatif-thesubsidydisbursement

methodischanged,itispossibletoachievesubsidyeconomization･

Then,ifsomeconditionsareassumedtovariables,a,b,C,C',dinequation(5'),

itispossibletomaketheamountofsubsidynegative.hthiscase,thesubsidybecomes

exporttax･

10



tl-3 SUBSII)YMINIMIZATIONWHENTHEEQtJILIBRItJM

poINTMOVESFROMAt.R*

Now,Weconsider山equestionofsubsidyminimizationwben血eequilibrium

polntmOVeSfromRtoR*.Severalsuchcasescan beconsidered;wepresentthree

examples.lnthefirst,thehomefirm-sreactionfunctionshi允s;inthesecond,thehome

firm-sreaction氏lnCtionapproachesinfinitelyclosetotheforeignrlm'sreactionfunction.

lnthethird,theequilibriumpointR*isreachedbymovingthehomeBrm'sreaction

斤omitsoriginalpositiontoanewposition(givenbythedashedline)asshownin

Figure3.Overall,manyhome-flmlreaCtionfunctionspassingthepointR*enablethe

equilibrium pointR*tobeobtained.

Then,itisassumedthatsuchareactionfunctionpassingthroughthepointR*

hasthefouowlngfom.

Then,itisassumedthatsuchareactionfunctionpassingthroughthepointR*

hasthefollowingform.

xIX R･-k(x-xR･)

(6) X-kx-krR･+XR暮

ll



X

xR+ X

Figure3

Inequation(2),theoriginalreactionfunctionofthehomefirmhasbeen

expressedasfollows.

(7, X =聖二fx.二皇±4
-a a

Whenvariablescanddchange,equations(6)and(7)canbeequalized.For

equalization,therelationshipbelowshoJdhold･

-b+d
(8) k=空ニ ーkx *+X *= -

1a J R R a

Solvingequation(8)forcandd,therelationshipsbelowareobtained･

12



'9, C*-a(2･k),d*-a(-krRJ XR*)
ltispossibletominimizethesubsidybythefbllowlngmethod･

AfinJ.xR'((C-C')xI(d-d*)Px

- 車 C*厚 . (d-d･,(xR･10))

-Minl(xR･)i(C-C･,%十(dJ,)]
-Yin((xR･)[･C-a(2+k,軽 )･d-〈a(-hR･･XR･)･bI])

-Yin((xR･,li判 k-a(xR･,･隼 -R･k -aX R･ - b･d])

-Yin((xR･,[〈聖 )k-a(xR･,･聖 I- R･ - b･ d])

VariablesexceptfわrkareglVeninthiscase.Variableaisnegative.

13



x. X .
R and R arepositive･Variablekisnegative･lftheabsolutevalueofkdeclines,

theamountofsubsidybecomessma11er･However,iftheabsolutevalueofkbecome

smallerthantheabsolutevalueofslopeofforeignfirm'sreactionfunction,thesolution

willdiverge.Therefore,itispossibletominimizetheamountofsubsidywhenthehome

firm'sreactionfunctionapproachesinfinitelyclosetotheforelgnfirm.Sreaction

function.

14



IIl4 ATTAINMENTOFSTACKELBERGEQUILIBRItJM

Asmentionedabove,ltisunderstoodthattheequilibriumpolntmovefromR

toR*accordingtothedisbursementofsubsidy2ITnthiscase,therearemanywaysto

disbursesubsidy.Whenreactionfunctionofhomefirmapproachinfinitelycloseto

reactionfunctionofforeignfirm,theamountofsubsidyisminimized.

However,thepositionofR*isdeterminedonlybytheshapeofreaction

functionofforeignfirm.PointR*doesnotguaranteetomaximizetheprofitofhome

firm.Below,weseehowtheStackelbergequilibrium,whichmaximizestheprofltOf

homefirm,isattained.

lnFigure4,PointHisassumedtobethepolntWhichmaximizehomefirm's

proflt.ItisassumedthatpointH,whichindicatestheStackerbergequilibrium,liesto

therightofR+,whichisdeterminedbyshapeoftheforeignfim'sreactionfunction.

Theproofislimitedtothiscase.However,thisassumpt10misnotessential.

AsoutlinedinAppendixIII,itispossibletomanipulatethelimitor

lnterSeCtionbyextendiJlgthehome丘m-sreactionfunctionsufficiently.Inotherwords,

inFigure6inAppendixTH,ifthevalueofb'isassum ed,thecorrespondinglimitof

intersectionHcanbeobtained･First,theexistenceofStackelbergequilibriumH(hx,hy)

isassumed.Then,lfthevalueofb'isdeterminedtosatisfythenextequation,a

stakelbergequilibriumcanbeobtainedl34

15



(α+｡ヅ

(a+ar)2+(b+br)2

Here,nextrelationshipshouldbesatis丘ed

a.=b･e
b

Figure4

16



As mentionedabove,whentheStackelbergequilibrium liestotherightof

PointR,itisunderstoodthat山isequilibriumcanbeattainedbymakil唱thehomeflm-s

reaction丘lnCtionapproachinfinitelyclosetotheforeignfirm'sreactionfunction.

IIISUMMARY

EatonandGrossmanl1986]ShowedthatexportsubsidyispreferableinCournot

typecompetitionandtheexporttaxispreferableinBertrandcompetition

lnthispaper,ithasshownthatwecanfindacaseinwhichexporttaxis

preferablehCoumottype competition,consideringuncertaintyindemandbasedon

KlempererandMeyerl1986]･Whenagovernmentlevytaxonhome月rm,productionof

itwillincreasedThen,comparedwith thecaseofEatonandGrossmanl1986],it

becomespossibleforgovernmenttoabsorbamonopolisticrentfromhomefirm.

Historically,manyeconomistsmentioned non-linearsubsidy.However,

optimumSOlutionofithadnotyetbeenshown.TheoptimumSOlutionwasshowninthis

paper･

17



APPENDIXI

(3)'-(5)'=

(13a2･2ac･2acf-cc.)
2a-C.

(一三 )3

-a(3al2cT)
-2(7+C■ii･(d
ab-bcr
2a-C'

(-3a2I2ac･2ac,ICC')

shouldbeasfわllows.

ab-bc.-2ad+C'd

-3a2+2ac+2acLcc･

｣L
(*)

is assumed to be A and
2a-C'

isassumedtobeAtosimplify thecalculation.Equation(辛)

18



AB(B-

ab-bcL2ad+cTd

13a2+2ac+2acl-CCT

I---三二一

i

)-β(

-AB 2ad-C'd-ab+bcT
+
2 2a-cl

聖竺 _A(ab-bcr-2ad+C'd)_2ad-C-d-ab
2 -3α2+2αC+2αcLcc- 2α-C-

3AB ab-bc.12ad+C'd 2ad-C.d-ab+bc'
2 2a-C' 2a-cT

壁 ,0
2

Because,a<0,C>0,C'>Oareassumed,Ashouldbealwayspositive.Therefわre,

shouldbealwayspositive･

19



APPENDIXII

虹

Figure5

lnFigure5,itisassumedthatsegmentPQapproachtosegmentAB.Then,the

lengthofPQshouldbeheldequaltothelengthofsegmentABwhensegmentPQcomes

sufrlCientlyclose.

2
p -a2+b21q2

segmentpQsatis,leS三 +ど = 1segmen.AB盟tis,leS三+ど=1
P q

ThejJlterSeCtionoftwosegmentsisasfollows.

ap(b-q)_.bq(a-p)

bp-aq aq-bp

Here,thenextrelationshipisused,

20



p2-a2+b2-q2

Asaresult,thenextequationshouldhold.

b 2p2 1a2q2-b 2(a 2･b 2 -q2)-a2 q 2-(a2･b 2)(b 2 -q2)

lfthenumeratoranddenominatorofthexcomponentofintersectionare

multipliedby(bp十aq),thefollowingrelationshipisobtained･

X ap(b-q)(bp+aq) ap(b-q)(bp+aq) ap(bp+aq)

b2p2-a2q2 (a2･b2)(b2-q2) (a2･b2)(b･q)

WhenpointPapproachespointAandpointQapproachespoiJ)tB,

pia,qib,thexcomponentofintersectionapproaches

a2(ba+ab) a3

(a2･b2)(b+b)a2+b2

Inasimilarmanner,thelimitoftheycomponentofintersectioncanbe

obtained.Asaresult,血elimitoFintersectionshouldbeasfわllows.

二 二㌦∴ _

21



APPENDIXTIT

lnFigure6,pointB'isgainedbyextendingOBinanegativedirectionbyb'.

PointA'isanintersectionofthelinegainedbyextendingthesegmentABandanother

linewhichisparallelwithxaxisandpassesthroughpointB'.PointB'isanintersection

ofsegmentA'B'andthelinegainedbyextendingsegmentPQ･Therefore,pointAis

expressedas(a+a',-b')andpointB'isexpressedas(0,-b').

22



Then,itisassumedthatthelinewhichcontainsegmentB'A'isXaxisand也e

HnewhichcontainsegmentBB'isYaxis.lnthenewcoordinate,eachvariableis

expressedasfわllows.PointAis(a,b'),PointA'is(a+a',0),PointBis(0,b+b'),and

pointB'is(0,0).

First,segmentP'Q ismadetoapproachsegmentA'B･Afterreaching

sufrlCientlyclosetosegmentA'B,thelengthofsegmentP'QisequaliZ:edtothelength

ofA'B.Then,segmentP'QismadeapproachinflnitelyclosetosegmentA'B.Inthis

case,thelimitorintersectionsho山dbeasfbllows5,

H:

H:

(a+aT)3 (b+bT)3

(a+a')2+(b+b.)2'(a+a')2+(b+b')2

lntheoldcoordinate,pointHisexpressedasfollows.

(a+a')3 (b+b')3

(a+a')2+(b+bT)2'(a+a)2+(b+b')2

BecausetriangleOABandAA'A"ishomothetic,nextrelationshipshould

hold.

a･=b-隻
ろ

23
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NOTES

lAppendixlI

2Figure3

3Appendixnr

4Atthesametime,therelationship; (b+b')3

(a+d)2+(b+b')2
-b'

shouldbesatisfled･Because,pointH(hx,hy)isonsegmentABandthethelimitof

Intersectionshouldnecessan1ybeonsegmentAB,itisunderstoodthaHhisequatLOnalwaysbe

satisfied

5-tlSpossibletouTlderstandfromAppendix-1･
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