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Ahstract

Thispaper丘rstestabhshesatwoTStagegamemOdelofaCournotduopoly

wheretwo丘rmsconductR＆Dnon－COOperativelyorcooperativelyunderspillover

uncertaintyinthe丘rststagewhiletheychoosecompeddvelyoutputsinthesec－

ondstageafterthespilloveruncertaintyisresoIved・Then，itexaminestheeffects

ofspilloveruncertaintyontheequilibriumR＆Dlevelandthesocialwelfare・Asa

result，thepaperpresentssomeinteresdngpropositionsthatwouldmodibTthe

optimalR＆Dpoliciesproposedbythedeterministicmodels・

1．Introdu．CtiofI

Intheirpioneeringpaper，D・AspremontandJacquemin（1988）haveexploited

atwo－StagegamemOdelofaCournotduopolywithR＆Dspillovers，wi1erethe

丘rmsdecidenon－COOperativelyorcooperativelytheR＆Dlevelsinthe丘rststage

andchoosecompetitivelytheiroutputsinthesecondstage・Thentheyexamined

thenon－COOperative，COOperativeandsociallyoptimalR＆Dlevels・Theyshowed，

astheirmainproposidon，thatthecooperativeR＆Dlevelisalwayslowerthanthe

socialboptimalR＆Dlevel，Whileitislower仇igher）thanthenon－COOperative

R＆DlevelwhenthespilloverratioissmallerOargeOthanl／2・Furthermore，

suzumura（1992），K抑ien，MullerandZang（1992）andothershaveestablisheda

numberofmoreextendedmodelsconsideringR＆Dspilloversandpresented

somemoregeneralizedpropositions・1

顎もe－CorporationPoliciesinGlobalization，’whichhas

beenpar血11ysupportedbyTheSeimeikaiFoundadon・IamgratefultoprofessorsN・Ser－
izawaandM．Ohyamafortheirusefu1commentsandsuggestions・

correspondence：Professor協sunoriIshii，GraduateSchoolofEconomics，
WasedaUniversity，1－6－1Nishiwaseda，Shinjuku－ku，

′mb0169－8050逸鍵必

1Forexample，amOngOthers，Suzumura（1992）hasgeneralizedamodelofcooperative

andnon－COOperativeR＆DchoicesinaCournotoligopolywithspillovers・Kamien，Muller

andZang（1992）haveestablishedamodelofcooperativeandnon，COOperativeR＆D
choicesofaBertrandoligopolywithspillovers・CoeandHelpman（1995）haveextended

掌－This－isapartofmyresearchon



Althoughtheirpropositionsarequiteinteresting，thesearederivedfrom

deterministicmodelsadoptingtheassumptionthat丘rmsdonotfaceuncertainty．

Withoutconsideringuncertainty・OneCOuldnotfu11yunderstandtheef丘ciencyof

R＆Dwithrespecttoresourceallocationintheactualindustry，inwhichuncer－

taintyisalwaysaessentialfactorlTnlerefore，itisimpossibletosuggestwhether

COOperativeR＆Dornon－COOperativeR＆Dispreferableh・OmaSOCialpointofview，

andimpossibletoproposeappropriateR＆Dpolicies．

Inordertoexploitamoregeneralizedmodel，thispaperintroducesspillover

uncertainty・becausethiskindofuncertaintyisregardedasthemostsigni五cant

uncertainbTinthecasewhen五rmschoosetheirR＆Dlevelscooperativelyornon－

COOperatively・Ofcourse，therearemanyunCertaintiesintheactualworld，and

SOmeOfthemmightbeasymmetricalamOng丘rmsandgovernments．However，it

isunnecessaryforthispapertointroducefurtheruncertaintiesandtheirasym一

metryintoitsmodel，SinceitfocusesonanalysisoflinksamOngequilibriumR＆D

levels・SOCialwelfareandspilloveruncertaintywhichisregardedassymmetrical

among五rms．

′hemphasizetheeffectsofspilloveruncertaintyontheequilibriumR＆D

levelandthesocialwehre，thispaperextendsthemodelpresentedbyDAspre一

montandJacquemin（1988）soastoincludespilloveruncertain岐andpresentsa

VerySimpletw0－StagegamemOdelofaCournOtduopolyunderuncertainty．Itis

assumedthattwofirmsconductR＆Dnon－COOperativelyorcooperativelyinthe

firststageunderspilloveruncertainty，WhiletheychoosecompetitiVelyoutputlev－

elsinthesecondstage，atWhichthespilloveruncertaintyisresoIved．

血五rstsight，itmightseemthatthemodelinthispapermerelyextendsthe

CalculusoftheDAspremontandJacqueminmodel．However，thetwomodelsare

actuallyessentiallydifferent，frombothpracticalandtheoreticalstandpoints．The

modelinthispaperconsidersuncertainty，afactorthatasatisbctorymicro－eCO－

nomicmodelshouldtakeintoaccount，andconsequentlyitismorerealisticthan

theDAspremontandJacqueminmodelanditsresultswi11havebene丘tthatis

more一一praCticalassuggestions－for－R＆D－pOlicy．ulereforeTitisobvious－thatthe

presentmodelismoresigni丘cantthanjustacalculusextensionoftheD，Aspre－

amodelpresentedbySpencerandBrander（1983）soastoinvestigatetheequilibrium

R＆Dchoicesofaninternationalduopolywithspillovers．AndAnbarci，LemkeandSan－

tanu（2002）haverecentlybuiltamodelconsideringcomplementaritiesof丘rmspeciBc

R＆Dinputswithspillovers・uluS，theyhavepresentedmanydistinguishedpropositions

withrespecttolinkagesamOngequilibriumR＆Dlevels，SOCial1yoptimalR＆Dlevels，

SOCialwelfareandR＆Dspillovers，andhavegivensigni丘cantimpactstodevelopmentsof
theR＆Dtheory．

2



montandJacqueminmodel．

Usingsuchamodel，thispaperanalyzestheef簸ctsofspilloveruncertaintyon

theequilibriumR＆Dlevelsandthesocialwelfare，andpresentssomeinteresting

propositions．First，it丘ndsthateventhoughthe（expected）spilloverratioissmal1

enough（smaller・thanl／2），theequilibriumR＆Dlevelishigherinthecooperative

gamethaninthenon－COOperativegameWhenthedegreeofspilloveruncertainty

islargeenough．Thisresultrunscontrarytothedeterministicmodelswhichpro－

posethatifthespilloverratioissmallenoughtheequilibriumR＆Dlevelislower

inthecooperativegamethaninthenon－COOperativegame．Second，itisshown

thattheeffectofachangeinthespilloveruncertaintyontheequilibriumR＆D

levelinthenon－COOperativegameisoppositetothatinthecooperativegame．

Thatis，WhileariseinthespilloveruncertaintyreducestheequilibriumR＆Dlevel

inthenonペ：00perativegame，itraisestheequilibriumR＆Dlevelinthecoopera－

tivegame．Finally，itdemonstratesthatwhenthereisthespilloveruncertaintythe

cooperativeR＆Dgameisbetterthanthenon－COOperativeR＆Dgamefromthe

pointofviewofsocialwelfare，Sincetheresourceallocationismoreefficientand

stableintheformergamethaninthelatter．

Therestofthispaperisorganizedasfollows．Section2establishesabasic

modelandpresentstheequilibriumR＆Dlevelsinthenon－COOperativeandcoop－

erative games．Section3analyzes the effects ofa changein the spillover

uncertaintyontheequilibriumR＆Dlevelsinthetwogames．Section4examines

howtheexpectedsocialweぬredependsonthespilloveruncertaintyinorderto

showthe essentialroles ofspillover uncertaintyin the丘rms’optimalR＆D

choices．Finally，SeCtion5presentssomeconcludingremarksdlichshouldbe

COnSideredforextendingthemodelinthispaper．

2．BasicModelandEquilibriumR＆DI－eVels

ConsideraCournotduopolywheretwo丘rmsconductR＆D non－COOpera－

tivelyorcooperativelyinthe丘rststageunderspilloveruncertainty，anddetermine

outputsindependentlyinthesecondstage，atWhichthespilloveruncertaintyis

resoIved．Following D’Aspremont andJacquemin（1988），let me de負nethe

demandfunctionandthecostfunctionsas：

（d）theinversedemandfunction：DJl＝a－b（q．＋q2），

O））theproductioIICOStfunction：Ci＝LA－Xi－βdqi，i＝1，2，i≠j

前血0＜A＜α，0＜β＜1；ろ＋β∬ノ≦A；Q＝留1＋甘。≦α／み，
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（C）theR＆Dcostfunction：巧＝空，i＝1，2，

WhereqiandxiareOutputandR＆Dlevelsofa丘rmi巨1，2）respectively，and

Otherelementsofnotationareallpositiveconstants・Therefore，thepro丘tofa

firmiisde丘nedas

n∫＝（α一物－（叫－β功一碧，云＝1・2，痢
ThisisthesameaSthe丘rm，spro丘tpresentedbyDAspremontandJacquemin

（1988），Whenthereisnospilloveruncertainty．2

However，the五rm’spro丘tisuncertaininthismodel，Sincethespilloverratio

βisarandomvariableinthe丘rststagewhentheoptimalR＆Dlevelischosenby

thefirms・Itisassumedthatthe五rms，beliefconcerningtheuncertainspillover

ratioβisgivenbyadensityfunction◎（β）．Fhrthermore，Sincetheprofitmaxi一

mizationhypothesisismeaninglesswhenthe丘rm，spro丘tisuncertain，thispaper

assumesthatthe丘rmbehavessoastomaximizeexpectedpro五tunderspillover

uncertainty．3

Now，takingintoaccounttheprofitITiOfthefirmiandthedensityfunction

◎（β）definedabove，theexpectedpro丘tElni］ofthe丘rmiisde丘nedas：

（1）叫］＝£【（α一勒－（叫－β功一争◎（糊

＝鞘α－勒－（A－軸ノ）留i－争i＝1・2，i≠ノ・

WhereElfTi］isaneXpeCtationoperatorwithrespecttoβ．Then，thefirmidecides

theR＆DlevelxiandoutputqiSOaStOmaXimizeitsexpectedprofit，givenitsrival，s

Choices・Inwhatfollowsthisproblemoftheexpectedpro丘tmaximizationwillbe

SOIvedbackward．

2AsfarasIknow，thoughMadit（1991）andothershaveconsideredR＆Dsuccessuncer＿

tainty，andIshii（2000）hasintroduced demand uncertaintyinto a modelofan

internadonalduopolyconsideringR＆Dspillo咤rg；there一一如ebbpapersintrodtlCingthe

Spilloveruncertainty・Furthermore，thoughthenumberofpapersthatadoptsasymmet－
ricinformationhasbeenrecentlyincreaslng，theassumptionthatsome丘rmshaveperfect

iI血rmationwhiletheothershavenoinformationseemstobeveryrestrictiveinconsid－

eringspilloveruncertainbL No丘rmgetsperfectinformationaboutR＆Dspillovers．
Restrictiveassumptionswouldmakemodelsmoreunrealistic．

3uleOtherplausiblehypothesisunderuncertaintymightbetheexpectedutilitymaxi－

mizationhypothesis・「nlOughthisisregardedasthemoregeneralhypothesis，Which
includestheexpectedpro丘tmaximizationhypothesisaSaspecialcase，thelatterisnotas

restriCtiveinanalyzingtheeffectsofthespilloveruncertaintyontheequilibriumR＆D

decisionsinthecooperativeandnon－COOperativeR＆DgameS．
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SincethespilloverunCertaintyisresoIvedinthesecondstage，theoptimal

outputschosenbythe五rmsthatmaketheproductiondecisionsnon－COOperatively

inthesecondstageareobtainedthroughsolvingslmultaneouslythe丘rms’output

reactionfunctionsglVenby

（2）α－2軸一毎－（A－∬「β∬ノト0，i＝1，2，i≠ノ・4

Consequently，theNash－Cournotequilibriumoutputofthe五rmi（i＝1，2）inthe

SeCOndstageis：

（3）仇＝
（α－A）＋（2－β）∬i＋（2β－1）∬ノ

3わ
i＝1，2，i≠ノ．

Clearly，the丘rms’optimaloutputlevelsinthispapergivenby（3）arethesameaS

those derivedbyD’AspremontandJacquemin（1988）iftherealized spillover

ratiosareequivalenttoeachother．

Bycontrast，aSwi11beshownsoon，the丘rms’optimalR＆Dchoicesinthis

paperarequitedifferentfromthoseproposedbyDAspremontandJacquemin

（1988），Sincetheformermodelconsidersspilloveruncertaintywhilethelatter

doesnot．Moreover，the丘rms’optimalR＆Dchoicesinthispaperarealsodiffer－

ent from each other，depending on whether the　firms conduct R＆D

non－COOperatively（saythenon－COOperativegame）orcooperatively（saythecoop－

erativegame）．Hence，thispaperwillinvestigatethesetwogamesseparatelyand

COmparetheresults．

Inthenon－COOperativegameWherethe丘rmschooseR＆Dindependently，dle

expectedpro丘tElIli］ofthe丘rmiisrewrittenas：

（4）且恥］＝〈（α－A）2＋（4－∠眠＋♂孟＋成一4・5わγ）∬Z

＋（1－三嶋＋如昌＋4βZ）∬デ＋2（α－A）（2－β。）∬f

＋2（α－A）（2β√1）∬ノー2（2－覗＋2び昌＋2βZ）ガの／9み，

ノ≠i，i＝1，2，

wherePeandC尋arerespectivelytheexpectationandthevarianceoftheuncertain

spilloverratio一一β．Takinginto－COnSiderationthatO＜β－＜1holds，P。ando者satisbT

theconditionsexpressedasO＜P。＜1andO＜03＜1，reSpeCtively・Moreover，itis

quitenaturalthatthevarianCeOGmeasuresthedegreeofspilloveruncertainty・

Sincethe丘rmichoosesxiWhichmaximizesitsexpectedpro丘tElIli］de丘ned

as（4）inthefirststage，theR＆Dreactionfunctionofthe五rmiisgivenby

4Thesecond－Orderconditioninoutputchoiceisalwayssatis丘ed．
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（5）（4－4A＋び昌＋成一4・5ゐγ）∬「（2－5βg＋2び昌＋2βZ）∬ノ

＋（α－A）（2－の＝0，　　　ノ≠首，云＝1，2，

Then，SOlving（5）simultaneously，OneObtainstheCournot－NashequilibriumR＆D

levelx＊巨xI＝ガ）ofthefirminthenon－COOperativegameunderspilloveruncer－

bin吋：

（6）∬ホ

（α－A）（2－A）

4・5みγ－（2＋A－夷一錯）
i＝1，2．5

InthecooperativegameWherethe丘rmsdeterminetheR＆Dlevelscoopera－

tively，theyacttogethersoastomaximizetheexpectedjointproBtsElnl］＋ElIl21，

WhereElni］（i＝1，2）aregivenby（4），reSpeCtively．ulerefore，theequilibrium

R＆DlevelxC巨xf＝感）ofthe丘rminthecooperativegameisgivenby

（7）が （α－A）（1＋A）

4・5みγ－（1＋覗＋び昌＋ぽ）
i＝1，2．6

Itisimmediatelyobvious，from（6）and（7），thattheequilibriumR＆Dlevelsin

boththecooperativeandnon－COOperativegamesarefunctionsofnotonlythe

expectationAofspilloverratiobutalsothespilloveruncertaintyqi．

3・SpilloverUncertaintyandEquilibriumR＆DLevels

Inthemodelwhichcapturesthespilloveruncertaintybyrandomnessofthe

Spilloverratioβ，itisquitenaturalthatthevariance尋ofβisregardedasthe

degreeofspilloveruncertainty・Therefore，OneCanderivetheeffectsofachange

inthespilloveruncertaintyontheequilibriumR＆Dlevelsinthenon－COOperative

andcooperativecasesbydifferentiatingbothsidesof（6）and（7）withrespectto

尋，reSpeCtively．

5Inthenon－COOperativegamethesecond－Orderconditionof丘rm・sR＆Dchoice，thesta－

bilityconditionofaCournotTNashR＆Dequilibrium，andtheconditionofpositive

equilibriumR＆Dlevelarerespectivelygivenby（4－4P。＋03＋P2－4．5br）＜0，（4－

鴫＋尋＋齢4・5軸2－（2－5l，＋2尋＋2齢＞0，md†4．5わγ－（2＋良一尋一助）＞0．Thus，
‾COnSidering‾0≦Pe≦1and‾0≦‾03≦1，WhenbγisbiggerthanlO／9thesecondidonsareau

Satis丘ed，regardlessofthevaluesofPeandqヲ・Sinceitisnecessary，aSisindicatedby

Hemiques（1990），tOSettheproperparameterreStriction，thispaperwi11addtheother

restrictionofbγ＞10／9inordertosatisfysimultaneouslyalltheconditionsmentioned

above・Ofcourse，itisclearthatthisadditionalrestrictionalsosatis五esthesecond－Order

COnditionof五rm，sR＆DchoiceandtheconditionofpositiveequilibriumR＆Dlevelinthe

COOperativegame・′nisrestriction，however，doesnotunderminetheessentialthesesof

thispaper．

6・14・5bγ－（1＋2A＋03＋PZ）〉＞Oholdswhenthesecond－Orderconditionsaresatisfied．

Further，COntrarytODAspremontandJacquemin（1988），thevariableswithasuperscript
Cinthispaperdenotethevariablesbelongingtothecooperativegame．

6



Di飴rentiatingbothsidesof（6）withrespecttoog，OneObtains‥

（8）
∂∬ネ　　　（α－A）（2一βg）

Jび昌（4・5みγ－（2十臣び昌一の）2
＜0，

whichimpliesinturnthattheequilibriumR＆Dlevelx＊inthenon－COOperative

gamedeclinesasthedegreeofspilloveruncertaintYincreases，andviceve7Sa・On

theotherhand，differentiatingbothsidesof（7）withrespecttod音，OnegetS：

（9）
∂∬C　　　（α－A）（1＋の

∂夷（4・5わγ－（1＋2βg＋び昌＋ぽ））2
＞0，

whichshowsthattheequilibriumR＆DlevelxCinthecooperativegameisan

increasingfunctionofthedegreeofspilloveruncertainty・

Although（8）and（9）combinetodemonstratethattheeffectsofachangein

thespilloveruncertainbTOntheequilibriumR＆Dlevelsarequitedifferentform

eachotherinnon－COOperativeandcooperativegames，thisisnotasurpnslng

resultbecausetheR＆Dspilloverhasquitedifferenteffectsinthesetwogames・

Inthenon－COOperativegametheR＆DspilloverlSjustanexternalvariablethatlit－

erallymeansaleakageoftheR＆Dtoeach丘rm・Thus・itwouldberegardedasa

detestablephenomenonbyeach丘rm・Bycontrast，inthecooperativegamethe

spilloverisnotaleakageoftheR＆Dsinceitisinternalized・Hencethe丘rms

wouldnotconsidertheR＆Dspilloverasdetestable．Theresultsshownby（8）and

（9）reflectsuchdif簸rencesbetweentheeffectsoftheR＆Dinthetwogames・

Next，aSregardsthedifterencebetweentheequilibriumR＆Dlevelsinthe

non－COOperativeandcooperativegames，（6）and（7）combinetopresent：

（10）∬ホ一㌦＝
（α一A）〈4・5年（1－2βgト3坤

〝1ガ2

whereH．andH2aregivenbyH，＝4．5bγ－（2＋βe－03－βZ）andH2＝4・5bγ－

（1＋2P。＋03＋PZ），reSpeCtively・Clearly，aStherightsideof（10）ispositive

（negative），theequilibriumR＆DlevelishigherOoweOinthenon－COOperative

gamethaninthecooperativegame・

nkingintoconsiderationthat（a－A），LhandH2areallpositive，thesignof

the－rightsideof（10）isequaltothatoft－4．5by（1－2β。ト303）†・Hence，ifoG＝O

holds，（10）gives：

（11）ズネ＜（＞）がas O．5＜（＞）銑・

Thisimpliesthatifthereisnospilloveruncertainty・theequilibriumR＆Dlevelis

higherinthecooperativeR＆Dgamethaninthenon－COOperativeR＆Dgame

whentheexpectedspilloverratioislargerthanO・5，andviceveYSa・Clearly，thisis

thesameastheresultderivedbyDAspremontandJacquemin（1988）・
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However，When尋≠Oholds，（10）yields

（12）∬ネ＜（＞）∬CasO・5＜（瑠璃・
Therefore・Whenthe五rmsfacespilloveruncertaintythedifferencebetweenthe

equilibriumR＆Dlevelsinthecooperativeandnon－COOperativegamesdependson

notonlytheexpectedspilloverrati0β，butalsothedegreeofspilloveruncertainty

OG・ThisisquitediffbrentfromthepropositionpresentedbyDAspr。m。ntand

Jacquemin（1988）・Furthermore，itisobvious丘om（10）thatthelargeristhe

Spilloveruncertaintyqf，thelargeristherangethatx＊＜XCholds，andvic。Ve，Sa．

Thisisoneoftheessentialdi飴rencesbetweenthepropositionspresentedbythe

deterministicmodelsandthepresentmodel・Thiswi11bealsoexplainedmore

CloselybyusingFig．1．

InFig・1，thecclinedepictsthesetofoGandPeonwilichxCisequaltox＊since

孟＋榊5holds・ Hence，WhiletheareaA（shadowedbyverticallines）on

therightsideofthecclineexpressesthesetof尋andβeonwhichxCislargerthan

X＊，theareaB（shadowedbyhorizontallines）ontheleftsideofthecclinec。rre＿

SpOndstothesetof尋andβewherexCissmal1erthanX＊．Thedeterministicm。del

presentedbyD’AspremontandJacquemin（1988）hasjudgedthesignof（rま－Xり

夷

C
l
l
l
l
l
l
l
l
l
l
l
l
k l l
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X　 ＜ ∫c
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r c ＜ ∫

0　　　　　　　1／2　　　　　　1

Fig．1．

β



onlybythe（expected）spilloverratioalongthehorizontalaxis，andcompletely

neglectedthedegreeofspilloveruncertaintyonthevertiCalaxis・Indeed，ifoG＝O

holds，（10）reducesto（11）whichgivesthesamepropositionaspresentedintheir

deterministicmodel．

However，Whenthespilloveruncertaintyisconsidered，thesignof（rオーXり

dependsonboththeexpectedspilloverratioalongthehorizontalaxisandthe

degreeofspilloveruncertaintyalongtheverticalaxis・Clearlytheareaofthe

expectedspilloverratioinwhichxCislargerthanX＊becomesbiggerinthismodel

thanintheD，AspremontandJacquemin’smodel，aSisillustratedinFig・1・′mere－

fore，eVeniftheexpectedspilloverratioissmallenough（良く0・5），theequilibrium

R＆Dlevelishigherinthecooperativegamethaninthenon－COOperativegame

whenthedegreeofspilloveruncertaintyislargeenough（1・5bγ，3b畑＜尋）・

4．SpilloverUncertaintyandSocialWel蝕・re

Denotingthe丘rm，sexpectedpro丘tsinthecooperativeandnon－COOperative

gamesasElIJC］andElrr］respectively，Onehas

（13）E［口牛且tげ】
（α－A）牲5わγ（1－2

紺
直知3の

Jl111＿

Consequently，theexpectedpro丘tislargerinthecooperativeR＆Dgamethanin

thenon－COOPerativeR＆Dgame，eXCeptforaspecialcasewhere（4・5bγ（1－2Pe）－

3尋））＝OholdswithxC＝X＊・「misisoneofthereasonswi1ySOmefirmswantto

conductR＆Dcooperatively，regardlessofthedegreeofspilloveruncertainty・If

onejusd五cationforparticipatingincooperativeR＆Distheachievementofhigher

expectedpro丘ts，（13）demonstratesthatall丘rmschoosethecooperativeR＆D

gameifpossible・However，intheactualworldall五rmsdonotalwayshavethe

opportunitytonegotiateacontractforcooperativeR＆D・Consequently，While

somefirmschoosetoconductR＆Dcooperatively，0thersconductR＆Dindepen－

dently．

While（8）indicatesthatariseinthedegreeofspilloveruncertainty尋

－reducestheequilibriumR＆D一一1evelx＊inthenon－COOperativegame，（9）showsthat

ariseinthedegreeofspilloveruncertaintyincreasestheequilibriumR＆Dlevel

xcinthecooperativegame．uluS，Since∂＠C－X＊）／∂03＞Oiseasilyshown，thedif・

ference between the equilibrium R＆Dlevelsin the cooperative and

non－COOPerativegamesbecomeslargerasthedegreeofspilloveruncertainty

increases．Then，COnSideringthatthe丘rm’sexpectedpro丘tisanincreasingfunc－

tionofitsownR＆Dlevel，aSiswellkn0wn，thedifferencebetweentheexpected

pro五tsinthetwogamesalsoriseswiththespilloveruncertainty・Itfollowsthat
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the丘rm，sincentivetoparticipateintothecooperativeR＆Dgameisreinforcedby

ariseinthedegreeofspilloveruncertainty．

IntherangewheretheequilibriumR＆Dlevelishigherinthecooperative

gamethaninthenon－COOperativegameO＝hatis，X＊＜XCholds），thetotaloutput

Q∈ql＋q2）producedbytwo丘rmSisalsobiggerinthecooperativegamethanin

thenon－COOperativegame，i・e・，0＊＜OC・Consequently，COnSideringthatthe

expectedsocialweぬreisthesumoftheexpectedconsumersurplusandthe

expectedproducersurplus（＝the丘rm’sexpectedproAt），theexpectedsocialwel－

hreElW］inthecooperativegameisalwayslargerthantheexpectedsocial

WelfareElW］inthenon－COOperativegame，i・e・，ElW］＜ElW］，becauseElIl＊］≦

£【nC】holdsh・Om（13）．

Ontheotherhand，inthecaseofx＊＞XCitisambiguouswhetherElWlis

largerorsmallerthanElW］，SinceOCissmallerthanQ＊thoughElIr］≦ElrlC］

Stillholds・Hence，inthiscasethereisapossibilitythattheexpectedsocialwel－

fhreislargerinthenon－COOperativecasethaninthecooperativecase，thatis，

ElW］＜ElWlholds・Asaresult・OneCannOtjudgede血itelywhichofthecoop－

erativeandnon－COOperativegamesisbetterh・omthepointofviewofexpected
SOCialwelfare．

However・aSisobviousfromtheargumentswithrespecttoFig．1，ariseinthe

degreeofspilloveruncertaintydGraisesthepossibilitythattheexpectedsocial

Welfareinthecooperativegamebecomesbiggerthanthatinthenon－COOperative

game，Ceterisparibus・Thisisoneofthereasonswhythecooperativegameisrec－

Ommendedwi1enthedegreeofspilloverunCertaintyislargeenough．Inaddition，

insuchacasethelargerspilloverunCertaintyisregardedasabetterphenomenon

fromthepointofviewofexpectedSocialwelfare．

Assumingxl＝q2＝X，theexpectedsocialwe血・eElW］isexpressedas：

gr研＝ガ【わ02／2＋（α－ゐ0）0－AO＋（1＋β）∬0－γ孔

Then，thesocial1yoptimalR＆Dlevelx＊＊whichmaximizestheexpectedsocialwel一

血．e－ElW］isgivenby

（14）∬紬＝
（α－A）（み＋の

2みγ－（1＋2βg＋弔＋錯）

Then・（6），（7）and（14）combinetoindicatethatwhilethesignofげ－Xりis

ambiguousformtheargumentSOf（10），thesignsofq＊－－－jr？and＠＊＊－X・）are

alwayspositive，i・e・，匿－Xり＞Oand仕ネ＊－X＊）＞0．Itfollowsthatalthoughallofthe

equilibriumR＆DlevelsandthesociallyoptimalR＆Dleveldependonthe

Spilloveruncertainty・the丘rmsdonotcommitover，investmentsbutalwayschoose
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under－investmentsinR＆D，regardlessofthedegreeofspilloveruncertaintyin

eitherofthecooperativeornon－COOperativegames・

Althoughthispaperhasjustshownthatq＊－XC）＞Oandq＊－X’）＞Oalways

hold，itisnotyetobvioushow匿－Xつand（rヰ’－X＊）dependontheR＆Dspillover

uncertainty．So，I丘nal1yanalyzetheeffectsoftheR＆Dspilloveruncertaintyon

匿－XC）and＠柚－X＊）inmoredetai1．Dif鋲rentiating（14）withrespecttoo3，One

gets：

（15）
∂∬ホネ　　（α－A）（1十の

∂α昌　〈2わγ－（1＋2βg＋び昌＋β錘2

＞0，

whichimpliesinturnthatthesociallyoptimalR＆Dlevelx＊＊increasesasthe

degreeofspilloveruncertaintyoGraises，andviceveYSa・Then，（8），（9）and（15）

COmbinetogive

（16） ＞0，and
∂（∬ネホー∬C主ハ▲－．∂（∬ホキーの

∂び昌　′〉’‾1ム“J夷

＞0．

Generallyspeaking，thedifferencebetweenthesociallyoptimalR＆Dlevelx＊＊

andtheequilibriumR＆Dlevelx＊orxCistal’enaSameaSureOfthediscrepancy

betweenthesocial1yef丘cientresourceallocationandthemarketresourcealloca－

tioninthecooperativegameorinthenon－COOperativegame・Then，（16）indicates

thatsincethediscrepancyrises（reduces）asthespilloveruncertaintyincreases

（decreases）inboththenoq－COOperativeandcooperativegameS，thesmallerthe

spilloveruncertaintybecomes，the closerthe marketresource allocation

approachestothesociallyoptimalresourceallocation，andviceve7Sa・Therefore，

thesmallerspilloveruncertaintyismoredesirable血・Omthestandpointofef丘cient

discrepancyofresourceallocation・

Furthermore，OnegetSfrom（8），（9）and（15）：

（17）

礪‾’－∂J孟

∂（∬町－の＿∂（∬ホホ一㌦）
＞0．

Itisobvious丘・Om（17）thattheeffectofachangeinthedegreeofspillover

uncertaintyontheef丘cientdiscrepancyofre更OurCeallocationisalwayssmallerin

the－COOperativegamethaninthenon－COOperativegame・Therefore，theefficiency

ofresourceallocationismorestabletoachangeinthespilloveruncertaintyinthe

cooperativegamethaninthenon－COOperativegame・Thisisanotherreasonwhy

thecooperativegameispreferabletothenon－COOperativegameinchoosingthe

equilibriumR＆Dlevelunderspilloveruncertainty・

5．ConcllldifIgRemarks

ExtendingtheD’AspremontandJacqueminmodelsoastoincludeR＆D
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Spilloveruncertainty・thispaperhasexaminedtheefLectsofspilloveruncertainty

OnequilibriumR＆Dlevelsandsocialwelfare・Asaresult，ithaspresentedsome

interestingpropositionswhicharenotshowninthedeterministicmodels．These

propositionspresentedabovehavedemonstratedthatitisessentialtoconsider

theR＆DspilloveruncertaintyinanalyzingthelinkagesamOngtheequilibrium

R＆Dlevels，thesocialwe血reandtheR＆Dspillovers・Therefore，al1thepropo－

Sitionsderivedfromthedeterminisdcmodelsmayberegardedasspecialcasesof

thosederivedfromthemodelconsideringR＆Dspilloveruncertainty．

Oneimportanteconomicimplicationoftheargumentsinthispaperisthat

OneCOuldnotproposeanyapprOpriatepoliticalsuggestionswithoutconsidering

thespilloveruncertainty・Thispaperhasfound，amOngOtherthings，thatthe

SOCialwehrelevelsinboththecooperativeandnon－COOperativegamesdepend

Onthespilloveruncertainty・Hence，OneCOuldnotjudgewhichofthesetwo

gameSitwouldbedesirabletoimplementintheactualworldwithoutconsidering

Spilloveruncertainty・Furthermore，ithasalsobeenshownthatnotonlytheequi－

libriumR＆Dlevelsinthecooperativeandnon－COOperativegameS，butalsothe

SOCiallyoptimalR＆Dlevel，dependonthespilloveruncertainty・Thus，itisimpos－

Sibleforustosuggesttheappropriatepolicies，theaimofwhichistoachievethe

SOCiallyoptimalR＆Dlevel，withoutintroducingspilloveruncertainty．

Ofcourse，Sincethispaperhasconcentratedontheanalysisoftheeffectsof

SpilloveruncertaintyonequilibriumR＆Dlevelsandsocialwelfare，ithasincluded

SOmeaSpeCtSthatshouldbemodi丘ed・First，thoughthispaperhasadoptedthe

hypothesisthat丘rmsmaximizetheexpectedpro丘ts，theexpectedutilitymaxi－

mizationmightberegardedasamorereasonablehypothesisunderspillover

uncertainty・Moreover・thispaperhasintroducedonlyspilloveruncertainty，but

SOmeOtheruncertainties，i・e・，demanduncertaintyandsuccessuncertainty，

Shouldbealsoconsidered・And，thoughthespilloveruncertaintyinthispaperis

assumedtobeconstantandsymmetry，itsprecisestatusmightdependon

Whether五rmsconductR＆Dnon－COOperativelyorcooperativelyandmightbe

－aSymmetrical－amOng丘rms；一血lapprOpriatelyextended－mO－delwould－present

moregeneralpropositions，Whichreinforcethoseinthispaper．7
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