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1.1mtroduction

ltwassixdecadesagothataseriouspolicydebateontheemploy一

meれteffectofimporttarifftookplace.Whentheworldeconomybegan

toshowtheseveredownwardtrend,Keyneswasoneofadvocateswho

insistedonthemeritofimporttarifftoeasetheunemploymentproblem.

HearguedthatnominalwageratesWeredownwardrigidbecausesome

employmentswereprotectedbycontract.Therefore,somedrasticrem-

edieswerenecessaryeventhoughtheywereknowntobesecondbest

solution.Robbins(1931)wastheonewhoopposedtotheideaoftariff

protectionforsolvingtheunemploymentproblemonthebasisofseveral

convincingreasons.Oneofthem quotedbelow isthestraightforward

butinsightfulapplicationofcomparativeadva山agetheoryinthepres-

enceofunemployment.

-･-,theattempttodoso[cureunemployment]bymeansofprotec-

tivetariffsisopentoaverygraveobjection.Forsurelyifitis
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researchstudentseminarfortheirhelpfulcomments.Anearlierversionof
thispaperwaspresentedat也e1988annualconferenceoftheJapanSociety
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desiredtoincreaseemploymentbystimulatingindustry,itisalso

desirabletoincreaseitbystimulatingthen'ghtindustries,thatisto

say thoseindustriesin which ourcomparativeadvantageare

greatest.Nowthisispreciselywhattheprotectivetarifffailstodo.

For,obviously,bydefinition,itstimulatesthoseindustrieswhichneed

protection,thoseindustries,thatistosay,inwhichourcomparative

advantagearemostquestionable:･--

Althoughtheworldeconomyhasnotexperiencedadepressionlike

theonewhichKeynesandRobbinshadtoface,protectionistsentiments

loomwhenunemploymentraterisesinarecessionperiod.Itisimpor-

tanttoexaminethevalidityofcomparativeadvantagetheoryinthe

presenceofunderutilizationofproductivefactorsduetofactorprice

rigidities.

Thepurposeofthisstudyistoinvestigateintotherelationbetween

factorpricerigiditiesandcomparativeadvantageinthefactorpropor-

tionsmodelofinternationaltradebyusingthedualitytheory.Inthe

previousliterature,Brecher(1974,1981)andBatraandSeth(1977)Study

thesmalldimensionmodelofgeneralequilibriumwhichincorporatesan

economy-wideminimum wagerate.Ingeneral,basicresultsderived

undertheassumptionoffullyflexiblefactorpriceshavetobealtered

considerablyandtherearesomeparadoxicalcasesofinterest.Later,

Schweinberger(1978)extendstheBrecher'smodeltolargedimensionfix-

factorpricemodelanddiscussestheeffectofwagesubsidiesto

employment.Neary(1985)furtherreshapesthemodelandpointsoutthe

formalsimilaritiesbetweenthetheoryofdirectinvestmentandthetheory

ofminimumwagerates.AlthoughtheNeary'Sworkhambeenextended

intothetwo-countryframeworkbySvensson(1984)inthecontextof



FACTORPRICERIGIDITIESANDCOMPARATIVEADVANTAGE 535

intemationalfactormobility,ithasnotbeenextendedtoexplorethe

explicitrelationbetweentheleveloffactorprlCerigiditiesandcompara-

tiveadvantage.Thepresentpapertriestofillthisgapintheliterature

byapplyingthetechniqueutilizedbyDixitandWoodland(1982)tothefix-

pricefactorgeneralequilibriummodel.

DixitandWoodlandderivesanexplicitrelationbetweenfactor

endowmentandcomparativeadvantageinamulti-factor,multi-product

contextbyconfiningtheirattentionintoasmallneighborhoodofan

autarkyequilibrium.Theyconsidertwoidenticalcountrieswhichhave

theirfactorendowmentsin thesameproportions.Then,letone

country'sfactorendowmentchangeandseewhathappenstotheautarky

goodprices.Sincenothinghappenstotheothercountriestherewillbe

adifferenceinrelativeprlCeSOfgoodswhichcausescommoditytrade.

Thepresentpapertakesasimilarstepofreasoning.Atfirst,the

autarkypricevectorisrelatedtotheendowmentvectorofflex-price

factorsandfix-factorprices.Thenweconsidertwoidenticalcountries

whichhavethesamefactorendowmentandthesamefactorpricerigid-

ities.Thereisnoincentivefortradebetweentwocountries.Bychang-

ingthefix-factorprlCeSlightly,westudieshowthenetexportvectorwill

beaffected.

Thispaperalsodemonstratessomeinterestingresultsforasmall

countryinthecourseofdiscussion.Especially,theBrecher'sparadoxi-

calresultinthesmalldimensioncaseisgeneralized.Itwillbeshown

thatanincreaseinendowmentoftheflex-prlCefactormayreduce

employmentsofsomefix-pricefactor.Alsodemonstratedinthecontext

ofasmallcountryistheeffectofprotectionontheemploymentsoffix-

pricefactors.Onthecontrarytotheusualassertionofprotectionism,

protectionmayreduceemploymentsoffix-pricefactorsasRobbins
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co汀eCtlyarguedsixtyyearsago.

Theplanofthispaperisasfollows.Section2spellsoutthebasic

modelofproductionside.Someinterestingresultsfrom reciprocity

relationsduetodualityarepresentedinSection3.Section4derivesthe

mainresultsontherelationbetweencomparativeadvantageandfactor

pricerigiditiesbyintroducingasimpledemandside.Finally,Section5

statesconcludingremarks.

2.TheProductionSide

lnordertodescribetheproductionsideoftheeconomy,itisconve-

nienttostartdiscussionwithasmallcountrycase.Considerasmall

openeconomywhichproducesintemationallytradedgoodswithnontrad-

edfactors.Pricesofsomefactorsareassumedtobeexogenouslyfixed

sothattherearealwaysexcesssupplyorunderutilizationofsomefactors

ofproduction.Asforthetechnology,theproductionpossibilitysetofthe

economyisassumedtobeconvexandtoexhibitconstantreturnstoscale.

Otherthantherigiditiesofsomefactorofproduction,perfectcompetition

prevailsinallgoodandfactormarkets.AGCOrdingtoSchweinberger

(1978)andNeary(1985),theproductionprocessofsuchaneconomyis

convenientlydescribedasthemaximizationofvalueaddedofflex-price

factors.

Define方aSthevalueaddedfunction.

7E(p,V,W)…max[pxIWL;F(X,L,V)≦0] (1)

wherexistheoutputvector,vistheendowmentvectorofflex-price

factors,wisthefix-pricevector,pistheproductpricevector,Listhe

employmentvectoroffix-pricefactor,andFistheimplicitproduction

possibilitysetwhichisconvex.Thevalueaddedfunction7risassum ed
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tobetwicedifferentiablewithrespecttoeachargument.Asdiscussed

byNeary(1985),thisassumptionrequiresamongotherthingsthatthe

numberofflex-pricefactorsisatleastasgreatasthatofgoodsproduced

intheeconomy.

Thenextstepistorelatethevalueaddedfunction万 withthe

standardrevenuefunctionorsometimesreferredtoastheGNPfunction.

LetG denotethemaximum GNPattainedbyutilizinggivenfactor

endowments,andaproductiontechnologyatgivenproductprices.

G(p,Ⅴ,L)…max[px:F(X,L,Ⅴ)≦0]

Fromthefirstorderconditionsformaximization,

W-GL(p,Ⅴ,L)

(2)

(3)

whereGL denotesthefirstpartialderivativeswithrespecttoL

Solvingequation(3)forLyieldsdemandfunctionsforfix-price

factors.

L-¢(p,Ⅴ,W) (4)

Byusingequation(4),thevalueaddedfunction7Tisrelatedto

unconstrainedrevenuefunctionGasfollows;

7T(p,Ⅴ,W)-G[p,V,¢(p,V,W)]-W¢(p,V,W).

Bythevirtueofenvelopetheorem,thefirstpartialderivativesofthe

valueaddedfunctionarecalculatedasfollows;

7T,-G｡+(GL-W)i,-G｡-X,

7rw-(GL-W)¢W-¢--L,
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7rv-Gv+(GLIW)Sv-Gv-r (7)

whererdenotesthepricevectorofflex-pricefactors.

Equations(5)to(7)arecrucialtoderiveresultsinthefollowing

sections.Beforefinishingthissection,itisconvenienttoincludethe

definitionwhichstatestherelationamongfactorpricesandgoodprices.

Definition1.

Theithgoodiscalledfriend(enemy)tothejthflexi-pricefactorif

∂rJ/∂pl>0(<0).

Definition2.

Thekthfix-pricefactoriscalledfriend(enemy)tothejthflexi-price

factorif∂ri/∂wk>0(<0).

Needlesstosay,thesedefinitionsidentifythesecondcrosspartialderiva-

tiveswithrespecttothevalueaddedfunction7T. Inthesmalldimension

model,thefriend-enemyrelationsamonggoodsandfactorsareexplicitly

relatedtothedefinitionoffactorintensity.Thetwogoodthreefactor

caseispresentedinAppendix.

3.ReciprocityRelations

Theassumptionoftwicedifferentiabilitywithrespecttothevalue

addedfunction7tgivesusthreepairsofreciprocityrelations.Eachone

leadstointerestingresults.

3-1 GeneralizationofBrecher'SResult

Thefirstinterestingresultinthismodelisabouttheeffectofan
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endowmentchangeinaflexi-pricefactoronemploymentsofthefix-price

factor.Brecher(1981)demonstratedaseeminglyparadoxicalcasethat

capitalaccumulationmightreduceemploymentoflaborinthetwo一good,

three-factorminimum wageeconomywhichisaspecialcaseofthe

presentmodel.ThefirstreclprOCityrelationeasilygeneralizesthe

Brecher'sresult.

Duetothetwicedifferentiabilityof死･,differentiationofequations(6)

and(7)yield

-∂L/∂Ⅴ-7Ewv'-∂r/∂W',

whereaprimedenotesthetransposeofthematrix.

(8)

Proposition1.

(a) Anincrease(decrease)intheendowmentofthejthflexi-price

factorreduces(increases)employmentofthekthfixIPricefactorifand

onlyiftheyarefriend.

(b) Anincrease(decrease)intheendowmentofeachflexi-price

factormayreduce(increase)employmentsofsomefix-pricefactorsbut

cannotreduce(increase)employmentsofallthefix-pricefactorswhileit

canincrease(reduce)allofthem.

proof.

Part(a)isalreadyestablished.Fromthedualityrelation,

r(p,V,W)V-2T(p,V,W) (9)

Partiallydifferentiatingbothsideswithrespecttothevectorwyields

(∂r/∂W)･Ⅴ- ‰ ニーL (川)
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Fromequation(10)itfollowsthateachfix-pricefactormaybefriend

tosomeflexi-pricefactorsbutcannotbefriendtoallofthem.Thisfact

combiningwithPart(a)provesPart(b).

Proposition1hasaninterestingimplicationonfrequentlydiscussed

debateontheeffectofdirectinvestmentondomesticemployments.

Underthepresentsettingofthemodel,directinvestmentfrom abroad

alwaysincreasesatleastonekindofemploymentintheeconomyandcan

increaseallkindsofemployments.However,itmaysometimesreduce

someemployments.Intheworstpossiblecase,reductionsmayoutweigh

ariseinothercategoryofjobssothattotalemploymentoftheeconomy

mayshrink.Bythesametoken,outflowofdomesticcapitalmaynotbe

perilousfordomesticemployments.Thereisapossibleemployment

increaseduetocapitaloutflow.Thisfactmaywellcalm downan

excessivepessimistwhoinsistsonhollowlizationofdomesticindustrydue

tooutflyingdirectinvestment.Theeffectofdirectinvestmenton

employmentrequiresacarefulobservationontherelationbetweenwage

ratesandprofitratesinvariousformsofcapital.

3-2 Rybczynsky-effect

Thesecondreciprocityrelationiswellknownonebetweenthe

RybczynskieffectandtheStolper-Samuelsoneffect.Differentiating

equations(5)and(7)withrespecttovandpobtains

∂Ⅹ/∂V- HPV- 2Tv｡'-∂r/∂p'

Fortheithflexi-factorandthejthgood,wehave

∂XJ/∂vl-∂rl/∂pJ

(川

0g
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Proposition2.

Anincreaseintheendowmentoftheithflexi-prlCefactorincreases

(decreases)theoutputofthejthgoodifandonlyifthejthgoodisfriend

(enemy)totheithflexi-pricefactor.

Despiteunderutilizationoffix-pricefactors,theRybczynskitheorem

inthemanydimensioncasecontinuestoholdwithrespecttotheflexi-

pricefactors.Asitwillbeshownlater,relativeabundanceinendow一

mentsoftheflex1-pricefactorsisthesourceofcomparativeadvantagein

thepresentmodel.However,thesignoftheRybczynskitermmaynot

besameasthatofthenofactorrigiditycase.Thiscanbeseenby

relating77,v tOtheunconstrainedRybczynskieffect.

77,V-G｡V+G｡L･¢v

Fortheithflexi-factorandthejthgood,

∂Ⅹj/∂vl=fxj/∂V,+∑∂X,/∂lk･∂Lk/∂vlk

Eは

(14)

whereabardenotestheunconstrainedRybczynskieffect.

Asitwasnotedinthecaseofinternationalfactormobilitystudiedby

Svensson(1984),theeffectofanendowmentchangeintheflexi-price

factorontheoutputdependsonthedirectunconstrainedRybczynski

effectandtheindirecteffectthroughachangeintheemploymentoffix-

prlCefactors.Ifallthefix-pricefactorsareenemytotheithflexi-price

factors(sothatall∂Lk/∂vlarepositive)andthesignsofunconstrained

Rybczynskitermsofallthefix-pricefactorsaresameasthoseoftheith

flexi-pricefactor,thesignoftheconstrainedRybczynskiterm oftheith

flexi-pricefactorissameasthatoftheunconstrainedterm.But,in
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general,thereisnoguaranteeforthemtobesame.Thisimpliesthatthe

pattem oftradeflow basedontherelativeabundanceofflexi-price

factorswillbedifferentfromoneinwhichthereisnofactorpricerigidity.

3-3 ProtectionandEmployment

Thethirdreciprocityrelationisderivedbypartiallydifferentiating

equations(5)and(6).

∂Ⅹ/∂W-7T,W-2Tw｡'--∂L/∂p'

Relatetheconstrainedmatrixtotheunconstrainedmatrix,andwe

have

7T,W-GpL･4w

Therefore,forthekthfix-pricefactorandthejthgood,wehave

∂XJ/∂wk-∑∂ⅩJ/∂Lm･∂Lm/∂wkニー∂Lk/∂pi.m

Inthecontextofasmallcountrycase,therelationaboveglVeSuSauseful

insightonemploymenteffectsofprotectionism.Ingeneral,ariseinPi

byprotectingthejthindustrymayormaynotincreasetheemployment

ofthekthfix-pricefactor.Theresultdependsontheunconstrained

Rybczynskitermsofallthefix-pricefactorsandcomplementaryrela-

tionsamongfix-prlCefactors.Inaspecialcasewhereonlyonefactor

priceisrigid,thesignofaLk/aplissameasthatofaxi/elkbecauseown

substitutionterm ∂Lk/∂wkisalwaysnegative.Hence,inaneconomy-

wideminimum wageeconomy,protectionofthejthindustryraises

employmentofminimum wagelaborifandonlyiftheunconstrained

Rybczynskitermofthejthindustrywithrespecttothefix-pricefactorin

theRybczynskisense,protectionofthatindustryreducesemployment.
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Thus,protectionsismaimingatimprovinganemploymentsituationcould

beself-hurtinginthepresentmodel.ThisisexactlywhatRobbins

arguedinthebeginningofdepressionsixtyyearsago.Protectionof

industrywhichdoesnothavecomparativeadvantageinafullemploy一

mentsituationcannotincreaseemployment.

Inordertostm arizetheresultinthissubsectionandalsoto

facilitatethediscussioninthenextsection,Weintroducethefollowing

definitiononthesignofaLk/aptWhichiscrucialintherelationbetween

factorprlCerigidityandcomparativeadvantage.

Definition3.

Thejthgoodiscalledfriend(enemy)tothekthfix-pricefactorif

∂Lk/∂pi>0(<0).

Proposition3.

(a) Anincreaseinthepriceofthekthfix-factorpriceincreases

(decreases)theoutputofthejthgoodifandonlyifthejthgoodisenemy

(friend)tothekthfix-factorprice.

(b) Ifonlyonefactorpriceisrigid,thenthejthgoodisfriend

(enemy)tothatfactorifandonlyiftheunconstrainedRybczynskyterm

ofthejthgoodwithrespecttothatfix-pricefactorispositive(negative).

4.SourcesofComparativeAdvantage

Thissectiondemonstratesthatfactorpricerigiditiesalongwith

endowmentsofflexi-pricefactorsaresourcesofcomparativeadvantage

inthismodel.TheapproachtakenhereissimilartoDixitandWoodland

(1982)whostudiedthegeneralizedHecksher-Ohlintheoremintheabsence

offactorpricerigidities.First,werelateautarkycommoditypriceswith
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endowmentandfactorpricerigiditiesandthenstudyatradingequilib-

riumbetweentwoidenticalcountries.

4-1 AutarkyCommodityPrices

Supposethatthedema血dsideoftheeconomyisdescribedbythe

followingoneconsumerMarshalliandemandfunction;

C-D(p,y) 個

wherecistheconsumptionvectorandydenotesthenationalincome.

Autarkyequilibriumconditionsingoodsmarketaresimply

Ⅹ=C. Zn冨

ReplacingtilenationalincomeywithGNPfunctionandusing(5),we

have

7T,(p,V,W)-D[p,G(p,V,L)]

Totallydifferentiating(1の,wehave

句｡dp十和vdv+7t,wdw-D｡dp+Dy(Xdp+rdv+wdL).

ApplyingtheSlutzkydecomposition,

私｡dp+7E,vdv+7T,wdw-sdp+Dy(rdv+wdL)

(1の

(17)

wheresdenotestheSlutzkymatrix.

AsitwasdonebySvensson(1984)inthecontextofinternational

capitalmobility,Weemploythenormalizationrulethatneutralizesthe

effectfromthesizeofthecountry.Onewaytonormalizetheincome

effectistoholdtheutilitylevelconstantthroughoutexperiments.This

nom alizationruleisjustifiedonthegroundthatweinvestigatethe
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problem onlyinasmallneighborhoodofanautarkyequilibrium.

LetEandudenotetheexpenditurefunctionandtheutilitylevel,

respectively.Ifalltheincomearespentonconsumption,then

E(p,u)-G[p,Ⅴ,¢(W,p,Ⅴ)] BnE

Totaldifferentiationyields;

E｡dp+E｡du-G｡dp+Gvdv+GLdL

Evaluatingattheautarkyequilibrium,E｡-G｡.Tllerefore,

Eudu-rdv+wdL

Ournormalizationruledu-0implies;

rdv+wdL-0.

Then,equation(17)canbewrittenas

(私｡-S)dpニー (7t,vdv+7t,wdw).

Premultiplybothsidesbydp,andwehave

dp(27,,-S)dpニーdp2年vdv-dpPT,wdw.

Sincethe1.h.S.isquadraticfom inapositivesemi-definitematrix

minusanegativesemi-definitematrix,

dp7T,vdv≦Oatagivenlevelofw,

dp7Tpwdw≦Oatagivenlevelofv.

and

佃

¢0)

Interpretationofthebilinearfom abovearewellknownfromDixitand
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Woodland(1982). Usingdefinitionsonthefriendshiprelationbetween

commoditypricesandfactorprices,resultsaresum arizedasfollows.

Proposition4.

(a) Atagivenleveloffactorpricerigidities,ifgoodsarefriendto

flexi-pricefactors,autarkypricesofgoodsareontheaveragenegatively

correlatedwithendowmentsofflexi-pricefactors.

(b) Atagivenlevelofendowmentsofflexi-pricefactors,ifgoodsare

enemytofix-pricefactors,thenautarkygoodpricesareontheaverage

negativelycorrelatedwithpricesoffix-pricefactors.

4-2 TradingEquilibrium

AsitwasarguedbyDrabickiandTakayama(1979),theautarky

pricevectorissometimesapoorpredictorofcomparativeadvantage.

Therefore,itisnecessaryforananalysisontradepatternstodeal

explicitlywiththeequilibriumconditionsforatradingworld.Following

theapproachtakenbyDixitandWoodland(1982)andSvensson(1984),We

canrelatetradepatternswithendowmentsoftheflexi-pricefactorand

fix-factorprices.Sincetheresultontheendowmenteffectissameas

thatinSvensson,Wedemonstrateonlytheresultonthefactorprice

rigidities.

Supposethatthereisaworldwhichconsistsoftwoexactlyidentical

nationsinalltherespectsincludingthefactorendowmentlevelandfactor

pricerigidities.Naturally,theyhavethesameautarkyequilibriumprice

vector.Nowsupposethatthefix-pricefactorvectorofthehomenation

changebyasmallamountandthenweseehowtheexcesssupplyof

goods,namelynetexportvectorwillbeaffectedbyachangeinfactor

pricerigidities.



FACTORPRICERIGIDITIESANDCOMPARATIVEADVANTAGE 547

Thenetexportfunctionsaredefinedas

z(p,Ⅴ,W)… Ⅹ-C.

Let'denotetheforeigncountry.Theequilibrium conditionsfor

freetradeare

Z(p,Ⅴ,W)+Z*(p,Ⅴ*,W*)-0 el)

Throughouttheargument,Ⅴ-Ⅴ*isfixed.Therefore,totaldifferen-

tiationofel)yields;

zpdp+zwdw+Z芸dp-0

Sincez,-Z;attheinitialequilibrium ,

2zpdp+zwdw-0.

Therefore,achangeinthefreetradevectorcanbewrittenas

dz-Z｡dp+zwdw-(1/2)･zwdw.

Takingthetransposeandpost一multiplyingzwdwinthebothside,wehave

dz･Zw･dw≧0.

Utilizingthenormalizationruleintheprevioussub-section,

Zw=7ZTpw･

Thus,

dz･7T,W･dw≧0
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Proposition5.

Atthegivenendowmentsofflexi-pricefactors,ifthegoodsare

enemytofix-prlCefactors,thenprlCeSOffix-prlCefactorsareonthe

averagepositivelyco汀elatedwiththenetexportvector.

5.ConcludingRemarks

Thispaperhasstudiedtherelationbetweenfactorpricerigiditiesand

comparativeadvantage.Themainfindingisthatfactorpricerigidities

themselvesaresourcesofcomparativeadvantagewhileendowmentsof

flexi-pricefactorscontinuetobesourceofcomparativeadvantageina

slightlymodifiedfashion.Theresulthasanimportantimplicationonthe

empiricalstudiesofthetradepatterns.Sincetherearenationswhich

experienceunderutilizationofsomeproductiveresourcesforacertain

periodoftime,Onemustbecarefulaboutapplyingthefactorabundant

theoryinordertopredicttradepattems.Thetradepattem predictedin

theabsenceofanyrigiditycouldbemarkedlydifferentinthepresenceof

factorpricerigidities.

Finally,somelimitationofthepresentanalysisisnoted.Sincethe

analysiswascarriedoutonlyaroundthesmallneighborhoodofan

autarkyequilibrium,alltheresultsarelocalone.Effectsoflarge

changesinfactorendowmentsandfactorpricerigiditiesaredesirablebut

anexplicitresultisdifficulttocomeby.Secondly,thispaperutilizesthe

nom alizationruletoomittheeffectsfrom thesizeofcountry.How-

ever,theincomeeffectisimportantespeciallywhenweconsiderthegain

fromtrade.

Appendix

SpecialCase:TwoIGoodThree-FactorCase.
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Aninterestingspecialcaseofthepresentmodelisthecaseinwhich

theeconomyproducestwo-goodswiththree-factors.Thefullemploy一

me山casehasbeenextensivelystudiedbyBatraandCasas(1976),Ruffin

(1981),Suzuki(1983),JonesandEaston(1983)andThompson(1985).The

smalldimensionalityenablesustorelatethedefinitionofenemy-

friendshipamonggoodsandfactorswiththefamiliarintensityconditions.

Thisappendixdemonstratestheexplicitrelationsbetweentwodefini-

tionsbyusingtheJones'stypeofspecificationonthetwo-sectoranalysis.

Letaildenotetheinput-outputratio.Undertheconstantretumsto

scaletechnology,ajldoesnotdependonthelevelofproductionandknown

tobehomogeneousdegreezeroinallfactorprices.

aii-前(rl,r2,W)

wherej-1,2,wandi-1,2.

Freeentryandexitunderperfectcompetitionleadseachsectorto

zeroprofitinanequilibrium.

allrl+a21r2+awIW=pl

a12rl十a22r2+aw2W=p2

(A-1)

(A-2)

TotaldifferentiationsofEquations(A-1)and(A-2)togetherwiththe

costminimizationconditionsyield

ellfl+021f2-pl-ewl命

e12fl+622f2-β2-ew2命

whereβlidenotesthejthfactor'sshareintheithsector.

(A-3)

(A-4)
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ForDefinition1.

Solving(A-3)and(A-4)simultaneouslyyields

fl/P1-022/lel,f2/P1--012/let,fl/さ2--621/IeI,f2/P2-011/lel,

-herelel-ell亀2-021612-622612(2 -忠 )/leI･
LetthefirstflexIPricefactorcalledcapitalandthesecondcalled

land.Thepositivesignofletmeansthatthefirstindustryisrelatively

capitalintensivetothesecondindustry.Then,accordingtoDefinition1,

thefirstgoodisfriendtocapitalandenemytolandwhilethesecondgood

isenemytocapitalandfriendtoland.Needlesstosay,bothStolper-

SamuelsontheoremandRybczynskitheoremholdforflex-pricefactors.

ForDefinition2.

Againsolving(A-3)and(A-4)simultaneouslyyields

5 -ew2622(A -& Iel

%-ew2612(A -& lel

Therearethreecasesaccordingtofactorintensityconditions.

casel･%<0･%<Oifandonlyifg se sk

case2･5,0･%<O ifandonlyife sA sg

case3･急 くo鳶 ,o ifandonly ifk ≦告 浩

Accordingtofactorintensitydefinitionsproposedforthree-factor

casesbyRuffin,laborisenemytobothcapitalandlandifandonlyif

laborismiddlefactor.Laborisfriendtocapitalandenemytolandif
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andonlyifcapitalismiddlefactor.Laborisenemytolandandfriendto

capitalifandonlyiflandismiddlefactor.Thusoneshouldbeableto

seethattheBrecher'sparadoxicalcasedoesnothappeniflaborismiddle

factor.

ForDefinition3.

Fullemploymentconditionsforeachsectorarewrittenasfollows:

allXl+a12Ⅹ2-Vl

a21Xl+a22Ⅹ2=V2

awlXl+aw2x2-L<L*

whereL*istheendowmentforlabor.

Totaldifferentiationsof(A-5),(A-6),and(A-7)togetherwith(A-3)

and(A-4)yieldthefollowingsystemofequations.

alla12 0 AllA12

a21a22 0 2̂1 2̂2

awlaw2llAwlAw2

611021 0 0 0

612022 0 0 0

fl

f2

£

文1

文2

や1- alw骨

や2-α2W☆

- αL2命

P1-ewl命

β2-ew2命

whereAj'denotestheithsector'sshareofthejthfactorandalkthe

economywidesubstitutionbetweentwofactors.LetqjkdenotetheAllen
2

elasticitysubstitution.Then,alk…≡151&iqjk.l=1
LetDdenotethedeterminantofthecoefficientmatrix.

D-(AllA22- 2̂1̂12)(C120211022611)<0.Cramer'srulegivesus:
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己/51-[(C2.αW2-622αwl)(̂11122- 2̂1112)+(022α11-021α12)

(AwlA221 2̂1AL2)+(021a22-022a21)(AwlA12-A.lAw2)]/D

E/92-[(621α11-011α12)(121AL2lAw1122)+(021al1-011α12)

(̂111W2-AwlA12)+(ellαW1-011αW2)(̂11122-121̂12)]/D

Inadditiontofactorintensityconditions,restrictionsontheeconomy

widesubstitutionarenecessarytodetem inethesign.
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