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1 Introduction
O verthepastfewyears, qualitydecisions in …rm behaviorhavebeen ex-
tensivelyexamined, tobecomeoneofthemostactive…elds ofresearch in
industrialorganization. W ithoutbeingcomprehensive, themonopolistprob-
lemwasstudiedbyM ussaandR osen(19 7 8), Sheshinski (19 7 6) andSpence
(19 7 5, 19 7 6). Extensions includeG abszewiczandThisse(19 7 9 ) andShaked
andSutton(19 82), whostudy…rms’qualitychoiceinoligopoly. T heyestab-
lishthewell-knownresultthat…rmshavegenerallyanincentivetochoosedis-
tinctqualitylevels inanattempttorelaxcompetitioninthemarket. M otta
(19 9 3) comparesthoseincentives underBertrandandCournotcompetition
and…ndsthat…rmsdi¤erentiatemoretheirgoodsunderpricecompetition.
A nalysisofregulatorypolicyinverticallydi¤erentiatedmodelsismorescarce.
CremerandThisse(19 9 4)studiesthee¤ectsofcommoditytaxationandR on-
nen(19 9 1) analyzestheincidenceofminimum qualitystandards, bothina
duopolysetting. T heinternationaltradeliteraturehasfocussedontheinci-
denceofvarioustradepoliciesonthequalityoftheproductsandonsocial
welfareunderdi¤erentmarketstructures. Krishna(19 8 7 , 19 9 0)andD asand
D onnenfeld(19 8 7 ) studytari¤s andquotas undermonopoly. Inaduopoly
consistingofadomesticandaforeign…rm D asandD onnenfeld(19 89 ), R ies
(19 9 3) andH ergueraetal. (19 9 9 a) analyzethee¤ectsofquantityandqual-
ityrestrictions, andR eitzes(19 9 2) studiestari¤swhenbuyershavedi¤erent
preferencesforbrands.

Tothebestofourknowledge, neitherthee¤ectsoftari¤snorthechoiceof
theoptimaltari¤ policyagainstaforeignoligopolyhasbeenconsideredsofar
inmodelsofverticaldi¤erentiationandinternationaltrade. W eanalyzethis
problem inaworldofthreecountries. Two…rmslocatedindi¤erentcoun-
triessupplyaquality-di¤erentiatedgoodtoathird(domestic)non-producing
country. T heactivistgovernmentis inthedomesticcountryandconsumers
livingtherehavediversepreferences forthesoleproductattribute, quality.
W eassumethatthemarketisnottotallyservedinequilibrium, i.e. themar-
ketsize is thereforeendogenous inourmodel.1 T heanalysis concentrates
onadvalorem tari¤ policies2 andincludesbothuniform tari¤s suchasfree

1T heeconomywepostulateis empiricallyrelevantin industrializedcountries, likethe
car, computerandelectronicsmarkets, andmanymoreintransitionanddevelopingcoun-
tries. SeeFershtmanetal. (19 9 9 ) foranempiricalanalysis oftari¤ reforms intheauto-
mobilemarketinIsrael.

2Itis moreandmorecommonfortari¤s andsubsidies tobespeci…ed inadvalorem
terms, i.e. asapercentageofthesellingprice. TheU S InternationalTradeCommission
has indeedmadesuggestions toconvertmostspeci…c, compoundandcomplexrates of
dutytotheiradvalorem equivalents(seehttp://www.usitc.gov).
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tradeandtheM ostFavouredN ation(M FN ) clause, andnonuniform tari¤s
suchasaR egionalTradeA greement(RTA ).Foreachformoftari¤ policy, we
investigateamultistagegame. T hewelfaremaximizingpolicymakerofthe
domesticcountry…rstannouncessubsidyortari¤ levelspriorto…rms’deci-
sions. Subsequently…rmsselectproductqualityandthenprices. B ackward
inductionallowsustosolveforasubgame-perfectequilibrium.

O urframeworkallowsustodealwithseveralimportantissues. First, it
enablesustoisolateways …rmstakeintoaccountinternationalcompetitive
andcostconditionswhentheyselectequilibrium product-designstrategies.
L imitedlocaldemandusuallyforces…rmstobecomeglobalandsellinmany
nations. T hese…rmsdevelopstrategiesinwhichtheyconcentrateonapartic-
ularsegmentofdemandworldwide. Somemayorienttheirproductiontoward
standardizedmassproductswhileothersmayemphasizequalityandexclu-
sivity, choicewhichisdeterminedbythedemandandcostcharacteristicsof
themarket. Commoditytaxation, bydistortingcompetitivecompetitions,
a¤ectsproduct-qualityselectioninadi¤erentiatedoligopoly. Second, rounds
ofmultilateraltari¤ negotiations undertheauspices ofW T O arebasedon
a4and6-digitclassi…cationoftheharmonizedsystemwhereas, inpractice,
individualcountries applyamoredisaggregatedtari¤ nomenclature, up to
a8-digitlevelofclassi…cationcategories. A lso, undertheG eneralizedSys-
tem ofPreferences, thePresidentoftheU nited States maygiveduty-free
entrytolessthanthescopeofanexistingtari¤ ratelineandthereforesub-
divides ittoaccomplishthedesiredtreatment. W ebelieveourmodelwith
di¤erentiatedquality is valuable in explainingthesefacts. Finally, as the
discriminatorytreatmentofRTA s changestherelativepriceamongsources
ofimports, thereis thequestionofhowaRTA a¤ects thequalitycompo-
sitionofimports (besides prices andquantities). Inregardtothis, weare
interestedindeterminingwhichofthetwopossibilities, aRT A witheithera
low- orahigh-qualityproducingcountry, ispreferableintermsofwelfare.

Inourmodelapure-strategyasymmetricequilibriumarisesevenif…rms
havesymmetricquality-developmentcosts. A uniformtari¤ policyaltersthe
costs facedbyforeign …rms butdoes nota¤ectthecompetitiveconditions
in themarketbecauseboth…rms’costs aredistorted inanequalmanner.
W eshowthat, undertheM FN principle, auniform tari¤ policyiswelfare
superiortofreetrade. T hisissobecausethehomecountrygainsbycharging
atari¤ whichextractssomeoftheforeignoligopolyrents(likeinB randerand
Spencer, 19 81, 19 84;H elpmanandKrugman, 19 8 9 ). T his gain is partially
o¤setbythedowngradeinthequalityoftheimports, whichcausesaloss in
consumersurplus(likeinKrishna, 19 8 7 ;D asandD onnenfeld, 19 8 7 ).

A keyresultfromouranalysis istoshowthatanonuniformtari¤ policy
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isalwaysdesirableonwelfaregrounds. Suchapolicyintroducesasymmetries
inthecostsfacedby…rms. T hisinturna¤ectsthecompetitiveconditionsin
themarket, andhencetheequilibriumqualitygapbetweentheproducts. W e
showthatstartingfromaM FN clausepolicy, socialwelfarecanbeincreased
eitherbyraisingthetari¤ ofthehigh-qualityproductorbydecreasingthe
tari¤ ofthelow-qualitygood. Indeed, the…rstbestpolicyconsistsofasub-
sidyonthelow-qualityproductandataxonhigh-qualitygood. H ence, there
existstrongincentivestodeviatefromtheM FN principlewhich, however, is
prohibitedbytheW T O legislation. W ebelievethatthepresenceofquality
di¤erentiationallowscountriestoinsertamorere…nedde…nitionofgoodsin
theirtari¤ schedules inordertoapplytheiroptimaltradepolicywhilestill
complyingwiththeM FN principleoftheW T O . A notherimportantexam-
pleofanonuniformtari¤ policy(admittedbytheW T O ) isaRTA .W eshow
thatstartingfromtheoptimalM FN clausepolicy, ifawelfareimprovementis
possiblethroughaRTA , itisalwayswiththelow-qualityproducingcountry
thatithastobeachieved.

T heimportanceofqualityinthevolumeofinternationaltradeis docu-
mentedinseveralempiricalstudies(seee.g. Fontagnéetal., 19 9 8;Fershtman
etal., 19 9 9 ). A wandR oberts (19 86), Feenstra(19 88), andBoorsteinand
Feenstra(19 9 1) examinethee¤ectsoftradequantityrestrictionsontheup
ordown-gradingofimports. A commonconclusionisthatbyignoringqual-
ityupgrading, thetraditionalwelfarecostcalculationmayunderstatebyas
muchasone-halftheactualwelfarelossfrom introducingatraderestriction.
Basedonnumericalsimulationsofourmodelweobtain, inequilibrium, wel-
faregains of6to11 percentwhen the…rstbestpolicy is compared toa
M FN policy. A tradeagreementwithalow-qualityproducingcountrywould
providewelfaregains ofaround2 percent, whereas losses of5 to9 percent
wouldresultfrom aRT A withahigh-qualitycountry. W earguethatwhen
theseresults arecomparedtotheusualstaticorscalee¤ects ofeconomic
integration, qualitychangesareoneofthemajore¤ectsofRTA s.

T heremainderofthepaperis organized as follows. T henextsection
describesthemodel. Section3derivesthe…rms’optimaldecisions. Section
4 studies thee¤ects ofuniform andnonuniform tari¤s and selects theop-
timalpolicy. Section5 evaluates theincidenceofRT A s. Finally, Section6
includesadiscussionoftheresultsandtheA ppendixcontainsproofsofsome
statementstofacilitatethereading.
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2 Themodel
W econsideraworldofthreecountries. A ssumethattwoforeign…rmslocated
indi¤erentcountries, labeled1 and2, exportasinglegoodtoathirdcountry,
which is referredtoas thedomesticcountry. T heactivistgovernmentis
locatedinthehomecountry, whereproductionofthegoodinquestiondoes
nottakeplace. A ssumealsothattheforeignandthedomesticmarketsare
segmented, i.e. foreign…rmstakedecisionsonexportsindependentlyoftheir
homemarketconditions. O urgoalis touncovertheoptimalpolicyofthe
homegovernmentagainstaforeign(quality-di¤erentiated)oligopoly.

Supposethatapopulation ofmeasure 1 lives in thedomesticcountry
andthatpreferences ofconsumerµ aregivenbythequasi-linear(indirect)
sub-utilityfunction:

U =
½
µq¡p if h e buys a unitof a good of qualityq atprice p
0 oth erwise

Consumersbuyatmostoneunit. Supposethattheconsumer-speci…cquality
tasteparameterµ isuniformlydistributedover[0 ;µ]; µ > 0:3

W eassumethatforeign …rms producingthegood inquestionmustin-
curthe…xedcostofqualitydevelopmentC i(q) = ciq2 =2 ; i= 1;2 :Suppose
withoutloss ofgeneralitythatc1 ¸c2 , i.e. weallowforforeign …rms to
beasymmetricinregardtotheirsetup technologies (here…rm 2 is atleast
as e¢cientas …rm 1).4 O ncethequalityofthegoodis determined, weas-
sumethatproductiontakesplaceatacommonmarginalcost. W enormalize
themarginalcostofproductiontozero. Inwhatfollows, developmentcost
asymmetries mattertothe extentthattheyallowforthe selection ofan
equilibrium inqualities. T heyalsoallowformorecomprehensivenumerical
results.

W estudyathree-stagegame. Inthe…rststage, thegovernmentinthe
domesticcountrychoosesatari¤ policyonimports. W econcentrateonad

3A s T irole (19 88, p. 9 6) argues, µ can alsobe interpretedas thereciprocalofthe
marginalutilityofincome.

4M anystudies ofproductintroductions abroadassociatesuccessfulentrytoanaccu-
rateunderstandingofbuyerneedsabroad. T hecostci re‡ectsthereforethecostofquality
developmentneededtomeetspeci…cforeignpreferencesliketheA mericandesireforconve-
nience, theG ermanloveforecology(andA utobahn), theJapanesetasteforcompactness
andtheScandinavianconcern forsafety(Porter, 19 9 0). Elements likefactorcosts and
sophisticationofdemandinthemanufacturingcountries arealsootherimportantdeter-
minantsofrelativecostdi¤erences(M ottaetal., 19 9 7 ).
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valorem tari¤sanddenotetqasthetari¤ leviedonimportsofgoodsofquality
q.5 Inthesecondstageofthegame, foreign…rms choosetheirqualities to
produce, andincurthe…xedcosts. Finally, inthethirdstage, …rmsindulgein
pricecompetitionanddemandissatis…ed. T heappropriatesolutionconcept
is subgameperfectness.

T herearethreeobservations in linehere. First, oursettingimplicitly
assumesthattheactivistgovernmentcancrediblycommittoitspolicychoice
beforethe …rms maketheirdecisions. A ccordingtoBrander(19 9 5) most
internationaltradeobserversagreeinthatgovernmentsoftenpossesscredible
commitmentdevices. Forexample, whentari¤ ratesaresetbymultilateral
negotiationstheyusuallyremain…xeduntilthenextroundofnegotiations.
O fcourseweareawareoftherecentliteraturedealingwithtime-consistent
strategictradepolicy. T hemain contributionofthis literature is toshow
howtheoptimaltradepolicyis sensitivetothetimingofpolicymoves (see
e.g. G oldberg, 19 9 5; L eahyand N eary 19 9 4, 19 9 6, 19 9 9 ; H ergueraetal.,
19 9 9 b). T hesecondremarkisrelatedtotheassumptionthattheonlyactivist
governmentis locatedinthehomecountry. O fcourse, this is asimplifying
assumptionsinceforeigncountriescanengageintoretaliatorytradepolicies
(seee.g. Collie, 19 9 1). Finally, ourmarketstructureignoresthepossibilityof
entryinthedomesticmarketwhichcanbeensuredbyappropriatelychoosing
entrycosts(seee.g. D onnenfeldandW eber(19 9 2) foramodelofsequential
entry).

3 Foreign…rms’decisions
T hepresenceofheterogeneityinconsumertastesforqualityimpliesthatitis
optimalforforeign…rmstodi¤erentiatetheirexportgoodsbychoosingdif-
ferentqualitylevels. T hus, apure-strategyasymmetricequilibriumemerges
when qualities areendogenouslydetermined bythe …rms.6 T he intuition
behindthis isencounteredinthefactthat…rmscanrelaxpricecompetition
throughqualitydi¤erentiation.

L etus denotehigh-qualitybyqh andlow-qualitybyql, qh ¸ql:Sincea
…rmwillproduceahigherqualitythantheother, forthedomesticgovernment
itsu¢ces toannounceacoupleoftaxrates (tl;th ); oneforthelow-quality
goodandtheotherforthehigh-qualityone. Supposealso, forthemoment,

5N otethatatari¤ t=0 implies freetradewhilet< 0 indicatessubsidization.
6T his fact, which is trueeven if…rms aresymmetric(c1 = c2); is astandardresult

intheliteratureonverticalproductdi¤erentiation (seee.g. M otta, 19 9 3;T irole, 19 88;
ShakedandSutton, 19 82).
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thatph ¸ pl, thatis the…rm producingahigherqualitycharges ahigher
price.7

W enowderivethedomesticdemandfunctionsforthetwoqualities. T here
is aconsumerindi¤erentbetweenpurchasingthetwovarieties. T his buyer
is characterizedbytheparametereµ satisfyingeµqh ¡ph = eµql¡pl:T hen,
eµ = (ph ¡pl)=(qh ¡ql):A nyconsumersuchthatµ > eµ willpurchasefromthe
…rmproducinghigh-quality, providedthatµqh ¡ph ¸0:O ntheotherhand,
anyconsumersuchthatµ < eµ willbuyfrom the…rm o¤eringlow-quality,
provided thatµql¡pl ¸ 0: A ssumethatthehedonic price (price-quality
ratio) ofthelow-qualitygood is lowerthanthatofthehigh-qualitygood,
i.e. pl=ql < ph=qh:T his guarantees thataconsumerwhodoes notbuythe
low-qualityproductdoes notbuythehigh-qualityoneeither.8 D e…nebµ as
theconsumerindi¤erentbetweenacquiringthelow-qualitygoodandnothing
atall, i.e.bµ = pl=ql:

A rmedwiththesecriticalparameters, wearenowreadytocomputede-
mands. H igh-qualitygoodwillbedemandedbythoseconsumers suchthat
eµ < µ < µ whereas thelow-qualitycommoditywillbedemandedbythose
buyers suchthatbµ < µ < eµ:U singthefactthatµ is uniformlydistributed
on [0 ;µ];wederivedemandsforthehigh-qualityandthelow-qualitygoods
inthedomesticcountry:

Dl(:) =
ph ¡pl
µ(qh ¡ql)

¡ pl
µql

; Dh (:) = 1¡
ph ¡pl
µ(qh ¡ql)

: (1)

3.1 Thepricingsubgame.
L etuslook…rstatthethirdstageofthegame, i.e. pricecompetition. Taking
thepairofdemandsin(1), tari¤ rates (tl;th );andqualitychoices (qh ;ql) as
given, theproblem ofany…rm i= 1;2 whichchooses toproducealower
qualitygoodconsistsof…ndingpl soastomaximize:

¼i= (1¡tl)pl
µ

ph ¡pl
µ(qh ¡ql)

¡ pl
µql

¶
¡ciq2l

2
;

wherei= 1 or2 dependingonwhetherthelow-qualitygoodismanufactured
by…rm 1 or2.

7 W echeckbelowthatthis isactuallysatis…edintheequilibrium ofthesubgame.
8 T hisassumption, whichwelatercheckinequilibrium, makestheproblem interesting.

O therwiseonlyhigh-qualitygoodswouldbesold.
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O ntheotherhand, therival…rmchooses ph tomaximizeitspro…ts:

¼j= (1¡th )ph
µ
1¡ ph ¡pl

µ(qh ¡ql)

¶
¡cjq2h

2
; j= 1,2 ; j6= i:

T hesystemof…rstorderconditions is:

2 qh pl¡qlph = 0
2 ph ¡pl¡µ(qh ¡ql) = 0

Solvingthispairofreactionfunctionsinprices, weobtainthesubgameequi-
librium (domestic) pricesforthetwovarietiesofthegood:

ph =
2 µqh(qh ¡ql)
4 qh ¡ql

; pl =
µql(qh ¡ql)
4 qh ¡ql

(2)

A numberofobservationsareinlinehere. First, noticenowthatequation
(2) showsthatph=qh ¸pl=ql:T herefore, ifthereisanequilibrium, thehigh-
qualitygoodispricedhigherthanthelow-qualityone. Second, observethat
equilibriumpricesdonotdirectlydependontari¤ rates. T heydonotdirectly
dependoncostasymmetries either. H owever, as weshallsee, equilibrium
pricesdependon…rms’set-up costsandtari¤ rates indirectly, i.e. through
the…rms’qualityselectionqh andql:

3.2 Thequalitysubgame
Considernowthe…rms’qualityselection. Inthis secondstageofthegame,
…rmstakedomesticgovernmenttari¤ policy(tl;th)asgivenand, anticipating
theequilibriumpricesofthecontinuationgameobtainedin(2), choosetheir
qualities tomaximizepro…ts. In particular, …rm ichoosingtoproducea
lowerqualityselectsql tomaximize:9

¼i= (1¡tl)
µqlqh (qh ¡ql)
(4 qh ¡ql)

2 ¡ciq2l
2
;

9 T his expression is thereduced-form pro…tequation ofalow-quality …rm. Itis ob-
tainedbysubstitutingtheequilibrium prices ofthegoods (equation(2)) intothepro…ts
expression.
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wherei= 1 or2 dependingonwhetherthelowerqualitygoodis produced
incountry1 or2. T he…rstorderconditionis:

(1¡tl)
µq2h(4 qh ¡7ql)
(4 qh ¡ql)

3 ¡ciql = 0 ; i= 1 or2 : (3)

L ikewise, aforeign…rmchoosingtoproduceahigherqualitygoodselectsqh
tomaximize:

¼j= (1¡th)
4 µqh (qh ¡ql)
(4 qh ¡ql)2

¡cjq2h
2

; j= 1 or2 ; j6= i: (4)

T he…rstorderconditionis:

(1¡th)
4 µqh(4 qh ¡3qhql+ 2 ql)

(4 qh ¡ql)3
¡cjqh = 0: (5)

Sinceqh ¸ql;wecande…ne¹ = qh=qt; ¹ ¸1:Variable¹;referredtoinwhat
followsasthequalitygap, measuresthedegreeofproductdi¤ erentiation.

Bytakingtheratioof…rstorderconditionsandusingthede…nitionof¹
weobtain:

ci(1¡th )
cj(1¡tl)

=
¹ 2 (4 ¹ ¡7)

4 (4 ¹ 2 ¡3¹ + 2 ); i;j= 1;2 ; j6= i: (6)

Equation(6)describestheequilibriumproductdi¤erentiationasanimplicit
functionof…rms’costasymmetriesandadvaloremtari¤s. T heR H S of(6) is
athirddegreepolynomialwhosevalidrealrootsolutioncanbeconveniently
writtenas:

¹ = F
µ
ci(1¡th)
cj(1¡tl)

¶
(7 )

T henextlemmashowsthatF 0> 0:

L emma1 Q ualitygap ¹ increases (lowers) as the tari¤ rate on the low
(high)-qualityvariantincreases (decreases).

Proof. Considerthefunctions g1(th ;tl;ci;cj) = ci(1¡th)=cj(1¡tl) and
g2 (¹) = ¹ 2 (4 ¹ ¡7)=(4 (4 ¹ 2 ¡3¹ + 2 )):N otethatd g1=d tl = ci(1¡th)=cj(1¡
tl)2 > 0 ; d g1=d th = ¡ci=(1¡tl)cj< 0 and d g2 =d ¹ = ¹(16¹3¡2 4 ¹ 2 + 4 5¹ ¡
2 8)=4 (4 ¹ 2 ¡3¹ + 2 )2 > 0:T herefore, as(6)mustbesatis…edinequilibrium,
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holdingth constant, ¹ increases as tl increases. H oldingtl constant, ¹ de-
creasesasth increases. H ence, F0> 0 in(7 ).

Figure1 depicts theuniquerealsolutiontoequation(6). O bservethat
¹ isalwayslargerthan1.7 5 foranyparametersci;cj;th ;tl:T hisfactwillbe
usefulinwhatfollows.

10

20

30

40

Q-gap

0 2 4 6 8 10ci(1-th)/cj(1-tl)

Figure1: Q ualitygaprelatedtorelativecostsandtari¤s.

Itis nowconvenienttosolveforequilibrium qualities from (3) and(5),
andrewriteequations(1) and(2):

Dl =
¹

4 ¹ ¡1; Dh =
2 ¹

4 ¹ ¡1 (8)

pl =
µ(¹ ¡1)ql
(4 ¹ ¡1) ; ph =

2 µ(¹ ¡1)qh
(4 ¹ ¡1) (9 )

ql = (1¡tl)
µ¹ 2 (4 ¹ ¡7)
ci(4 ¹ ¡1)3

; i= 1;2 (10)

qh = (1¡th)
4 µ¹(4 ¹ 2 ¡3¹ + 2 )

cj(4 ¹ ¡1)3
; j= 1, 2 ; j6= i: (11)

From (9 ) we obtain a relation between domestic prices: ph=pl = 2 ¹:
H ence, thevariable¹ isalsoameasureofpricecompetitionamongthetwo
…rmsinthedomesticcountry, thelatterincreasingwithanarrowingquality
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gap (smaller¹):From theseexpressionswederivehedonicprices ph=qh and
pl=ql; both increasingin ¹. From (8) weobtainthatdemandforthehigh-
qualityproductistwicethatofthelow-quality. W ealsoobserveanegative
relationshipbetween¹ andthequantitiessold. T hisisessentiallyduetothe
factthatasthequalitygapwidenspricecompetitionrelaxesandtransaction
prices increase, whichconsequentlyreduces demands. A lso, thepositionof
themarginalconsumerµ̂ = pl=ql = µ(¹¡1)=(4 ¹ ¡1) increaseswith¹. T his
impliesthatthenumberofconsumersnotservedinthemarket(1¡Dh¡Dl)
increasesaswell. T heseobservationswillbeusefullaterinthepaper.

3.3 Existence and uniqueness of (subgame) equilib-
rium

W earenowreadytocharacterizeandselect…rms’equilibriumqualitydeci-
sions. T heremaybetwoequilibrium qualityspectra. Inthe…rstone, the
high-qualitygoodisproducedbythemoste¢cient…rm, i.e. …rm 2. L etus
refertothissituationasA ssignment1. Inthiscase, theequilibriumproduct
di¤erentiationisgivenbythesolutiontotheequation(6)properlyrewritten:

c1(1¡th)
c2 (1¡tl)

=
¹ 2 (4 ¹ ¡7)

4 (4 ¹ 2 ¡3¹ + 2 ):

L etus denotethesolutiontothis equationas ¹ 1. T heequilibrium under
A ssignment1 isthencharacterizedasfollows:

A SSIG N M EN T 1: Firm in country 1 (theleaste¢cient) produces the
lowerqualitygoodql = (1¡tl)

µ¹ 21(4 ¹1¡7)
c1(4 ¹1¡1)3

andsells itatpricepl = µ(¹1¡1)ql
(4 ¹1¡1) :

Firm in country 2 (the moste¢cient) produces high-quality qh = (1 ¡
th )

4 µ¹1(4 ¹
2
1¡3¹1+ 2 )

c2 (4 ¹1¡1)3
andchargespriceph = 2 µ(¹1¡1)qh

(4 ¹1¡1)
:

T hereis, however, analternativequalityspectrumwherethehigh-quality
goodis producedby…rm 1, i.e. theleaste¢cient…rm. L etusrefertothis
second situation as A ssignment2. In this case, the equilibrium product
di¤erentiationisgivenbythesolutionto:

c2 (1¡th)
c1(1¡tl)

=
¹ 2 (4 ¹ ¡7)

4 (4 ¹ 2 ¡3¹ + 2 ):

D enotesuchasolutionas ¹ 2 . T hen, underA ssignment2, theequilibrium
candidateisasfollows:
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A SSIG N M EN T 2: Firm incountry1 (themostine¢cient) producesthe
higher-qualitygood qh = (1 ¡th )

4 µ¹ 2 (4 ¹ 22¡3¹ 2 + 2 )
c1(4 ¹ 2¡1)3

andsells itatprice ph =
2 µ(¹ 2¡1)qh
(4 ¹ 2¡1) :Firm in country 2 manufactures a low-quality good ql = (1 ¡

tl)
µ¹ 22 (4 ¹ 2¡7)
c2 (4 ¹ 2 ¡1)3

andsells itatpricepl = µ(¹ 2 ¡1)ql
(4 ¹ 2 ¡1)

:

T hese twoproposed equilibrium con…gurations arenotfeasible forall
parameterconstellations. T he nextresultstudies existenceof(subgame)
equilibrium anduniqueness. Forthis purposeitis convenienttode…nethe
followingexpressions:

f(x) =
4 x2 ¡3x + 2
(4 x¡1)3

g(x) =
x3¡(4 x¡7)
4 (4x¡1)3

h (x) =
x3(4x¡7)(4x2 ¡3x + 2 )

(4x¡1)6

D enoteby¸1 thesolutiontoequationf(̧ ) = 1¡tl
1¡th g(¹1)andby¸ 2 thesolution

tof(̧ ) = 1¡th
1¡tlg(¹ 2 );where¹ 1 and¹ 2 havealreadybeende…nedabove.

L emma2 (i) A ssignment1 constitutes an equilibrium ofthecontinuation
gameifandonlyifprimitiveparameters(c1;c2 ;tl;th )aresuchthatcondition
16h (̧ 1)(1¡th)2 ·h(¹1)(1¡tl)2 is satis…ed. T hesetoftheseparameters is
notempty.

(ii) A ssignment2 isanequilibrium ofthecontinuationgameifandonly
if(c1;c2 ;tl;th ) are suchthatcondition 16h (̧ 2 )(1¡th)2 > h(¹ 2 )(1¡tl)2 is
ful…lled. T hesetoftheseparameters isnotempty.

(iii) Forthoseparameters suchthatthecondition in (i) is veri…edwhile
thecondition in (ii) is notful…lled, A ssignment1 is theuniqueequilibrium
ofthesubgame. O therwise, A ssignment2 is theonlyequilibrium.

T heproofisintheA ppendix. Foranyassignmenttobeanequilibriumof
thecontinuationgame, weneedtocheckthatno…rm bene…tsbydeviating
from it. T heconditions in L emma2 simplystatethatthepro…ts attained
inequilibrium bythelow-quality…rm arehigherthanthepro…ts itwould
obtainbydeviatingfrom itandleapfrogging“upward” itsrival’schoice.

TobetterunderstandtheconditionsinL emma2 considerFigure2, which
illustrates theseconditions when tari¤ rates equalzero (th = tl = 0 ): A
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similargraph can beobtained forth = tl 6= 0:10 O n theverticalaxis we
haverepresentedthedi¤erencebetweentheequilibrium pro…ts ofthelow-
quality …rm andthedeviatingpro…ts itwouldattain by leapfroggingthe
rivalandproducinganevenhigherqualitygood. T hecurve“di¤erence1”
referstotheA ssignment1 while“di¤erence2” appliestoA ssignment2. O n
thehorizontalaxis wehavetherelativedevelopmentunitcostsc= c1=c2 :
N oticethatc¸ 1 sincec1 ¸c2 :O bservethatbothcurves intersectwhen
c= 1 becausewhencostconditions areequal, bothassignments coincide,
exceptforthelabelsoftheproducers. Insuchacase, thequalitiesproduced
inequilibrium areidenticalunderbothassignments. T he…gureshowsthat
when costasymmetries are notvery signi…cant, i.e. forlowvalues ofc,
bothassignmentsconstituteequilibriaofthesubgame. Indeed, bothcurves
areabovezero, whichmeansthatthelow-qualityproducerhasnoeconomic
interestin leapfroggingupward its rival’s choice. H owever, when thecost
di¤erenceexceedsathreshold, inthiscasec1 = 1:59c2 ;thecurve“di¤erence2”
takesnegativevalues. U nderA ssignment2, thelow-quality…rm(whichisthe
moste¢cientinsuchacase) …nds itpro…tabletoleapfrogitsrival’schoice
andproduceahigherquality. H ence, onlyA ssignment1 isanequilibrium.
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Figure2: Equilibrium existenceunderA ssignments1 and2 (th = tl = 0 ).

W hencostasymmetries arelow, theexistenceofmultipleequilibria in
ourmodelraisestheproblem ofequilibrium selection. T herearetwoargu-
mentsthathelp us inselectingA ssignment1 astheprevailingequilibrium.

10W hen tari¤ rates aredi¤erent(th 6= tl)thegraph mayalsoincludevalues ofc=
ci(1 ¡th)=cj(1 ¡tl)lowerthan 1. W henc is verylow, only A ssignment2 is subgame
perfectequilibrium becausethecondition inpart(i) ofL emma2 is notveri…ed(seethe
A ppendixfordetails).
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T he…rstoneemploystheR iskD ominanceCriterionofequilibrium selection
ofH arsanyi andSelten (19 88) toselectawayA ssignment2. T he intuition
behindtheargumentisasfollows. InA ssignment2 thehigherqualitygood
is produced by themostine¢cient…rm. O fcourse production ofhigher
qualities needs greaterqualityinvestments. B uttherelativeine¢ciencyof
…rm 1 impliesthatsucha…rm hastomakeagreaterqualityinvestmentto
produceahigherqualityas comparedtothee¢cient…rm. T helargerthis
investmentthegreatertheriskitwouldtakeinthecasethat…rm1 forecasts
thestrategyof…rm 2 incorrectly.11

T hesecondargumentrestsonthefactthatsocialwelfareisalwayshigher
underA ssignment1 ascomparedtoA ssignment2, forsimilarpositivetari¤
rates. A formalproofofthis statementis given in L emma6below. This
resultsaysthatsocialwelfareincreaseswithincreasingqualitygapwhenthe
tari¤ rates arepositive. U ponobservationofequation(6), sincec1 ¸c2 it
isclearthatthequalitygapunderA ssignment1 isgreaterthanthatunder
A ssignment2 forsimilartari¤ rates.

O uranalysis, in the remainderofthe paper, willemploy A ssignment
1 as theprevailingequilibrium intheinternationalmarket. T hereforethe
equilibrium quality gap willbe ¹ 1 as de…ned above. Foramoreconcise
notation, wewilldropthesubscript. A tthispointitisnecessarytomention,
however, thatmostofthequalitativeresultswepresentbelowalsoholdfor
A ssignment2.

4 Thetari¤ policy
Finally, inthe…rststageofthegame, thedomesticgovernmentchoosesthe
optimaltari¤ policythatmaximizesdomesticsocialwelfare. W eassumethat
theproceedsobtainedfromimporttaxationareuniformlydistributedamong
theconsumers. T hereforesocialwelfareequals domesticconsumersurplus
plusthe(unweighted)revenuesgeneratedbythetari¤s:

W = C S+ tlplDl(:)+ th phDh (:)

11T his problem ofequilibrium selection inthis class ofverticallydi¤erentiatedmodels
appearswhen…rmsdi¤erin somecharacteristic. InarelatedpaperM ottaetal. (19 9 7 )
tackleasimilarproblemwhencountriesdi¤erinsize. T heA ppendixusestheR iskD om-
inanceCriterionandprovesthatA ssignment2 isre…nedaway.
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Consumerssurplus isgivenby:

C S=
Z µ

ph¡pl
qh¡ql

(xqh ¡ph)d x +
Z ph¡pl

qh¡ql

pl
ql

(xql¡pl)d x

Employing(10), (11)and(2)andundertakingsomealgebraiccomputations,
consumerssurpluscanbewrittenmoreconvenientlyas:

C S=
µ¹ 2 (4 ¹ + 5)ql
2 (4 ¹ ¡1)2 (12)

where¹ isthesolutiontoequation(6)andql isgivenby(10). O ntheother
hand, tari¤srevenuesobtainedfrom importsaregivenby:

TR k = tkpkDk(:); k= h ;l

andsumupto

TR l =
tlµ¹(¹ ¡1)ql
(4 ¹ ¡1)2

; TR h =
th 4 µ¹ 2 (¹ ¡1)ql
(4 ¹ ¡1)2

(13)

U singthepreviousexpressionswecanwritethesocialwelfarefunctionof
thedomesticcountryas:

W = A(¹(tl;th;c1;c2 );tl;th)¤ql(¹(tl;th ;c1;c2 );tl;c1) (14)

whereA(:) = µ[¹ 2 (4 ¹ + 5)=2 + tl¹(¹ ¡1) + 4th¹ 2 (¹ ¡1)]=(4 ¹ ¡1)2 and
ql = (1¡tl)µ¹ 2 (4 ¹ ¡7)=c1(4 ¹ ¡1)3.

4.1 E¤ectsofuniformandnonuniformtari¤s
W eare nowreadytostudythe e¤ects oftari¤s on ourequilibrium. W e
considerthecases ofuniform taxationandnonuniform taxationseparately.
Consideruniform taxation …rst, i.e. tl = th = t:Itis clearfrom theequi-
libriumequation(6)thatthequalitygapremainsunalteredafterthepolicy.
T hisenablesustostatethat:

Proposition3 Startingfromthefreetradesituation, asmalluniformtari¤
onbothproductsresultsin(i) adowngradeinthequalityoftheimports, (ii)
adecrease in thedomesticpriceofthegoods, (iii) adecrease in consumer
surplus, and(iv) an increaseinsocialwelfare. Freetradeisnotanoptimal
policy.
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Proof. Statements (i) and (ii) followfrom mereobservationofequations
(9 )-(11). U ponobservationofequation(12) oneseesthattheuniformtari¤
policyreducesconsumersurplus, whichproves (iii). A s aresult, auniform
tari¤ can onlybedesirableonwelfaregrounds ifitallows governmentto
extractenoughforeignrents. W echeckthisnext. W henthetari¤ policyis
uniform socialwelfarecanbewrittenas:

W =
µ¹ 2 (4 ¹ + 5)
2 (4 ¹ ¡1)2 ql+

4 µ¹ 2 (¹ ¡1)
(4 ¹ ¡1)2

tql (15)

wherethe…rsttermrepresentsconsumersurplusandthesecondtermaggre-
gatetari¤ revenues. W eneedtocalculatethesignofd W =d t:Forthis itis
usefultoknowthatd ql=d t= ¡ql=(1¡t):Employingthiswehave:

d W
d t

=
µ¹ql

(1¡t)(4 ¹ ¡1)2
·
¡¹(4 ¹ + 5)

2
+ (1¡2t)(¹ ¡1)(4 ¹ + 1)

¸
(16)

Evaluatingthis derivative in aneighborhoodofthefreetradeequilibrium
(t= 0 )weclearlyobtainthatd W =d tjt= 0 = ¡0:5¹(4 ¹ + 5)+ (¹¡1)(4 ¹ + 1):
O rd W =d tjt= 0 = 0:5(4 ¹ 2 ¡11¹¡2 );whichispositivewhenever¹ ¸2 :9 2 1164:
O bservethatsincec1 ¸c2 andtari¤ ratesareequal, thesolutiontoequation
(6) satis…es ¹ ¸5:2 512 3:T hereforeweconcludethatd W =d tjt= 0 > 0:

Proposition3 indicatesthatthepolicyprescriptionknowninthelitera-
ture12 thatasmalluniformtari¤ againstaforeignoligopolyofhomogeneous
goodsiswelfareenhancingalsoappliestoaverticallydi¤erentiatedoligopoly.
A s inthatliterature, atari¤ isattractivebecauseincomeistakenfrom for-
eign…rms, whichcompensatesforthereductioninconsumersurplusthatthe
policygenerates.

Itis alsopossibletocompareourresultswiththoseobtainedwhende-
mandissatis…edbyaforeignmonopolistwithendogenousquality(Krishna,
19 8 7 ;D as andD onnenfeld, 19 8 7 ). W ealsoobtainthattheimpositionofa
tari¤ results inadowngradeofthequalityoftheimports,13 whichofcourse
hasanegativeimpactonsocialwelfare. U nlikethesetwopaperswherethe
e¤ectofthetari¤ onthequantityofimports is ambiguous, itis zerohere
becausethepolicydoesnota¤ectthetermsofcompetitionbetweenthetwo
foreign…rms. Inoursettingthepolicybringsaboutasubstantialincreasein
tari¤ revenueswhichmorethano¤setsthedecreaseinsocialwelfarecaused

12SeeB randerandSpencer(19 84) andH elpmanandKrugman(19 89 , ch. 4).
13InordertobeabletocomparewithKrishna(19 8 7 ) noticethat, givenourpreference

structure, demandforamonopolistwouldbex=1 ¡p=qµ:T hereforePxq< 0 :
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bythequalitydowngrading. Incontrast, inthemonopolysettingsmentioned
atari¤ ontheimportsmayincreasewelfareeveniftari¤ revenuesaredisre-
garded. T hishappenswhenthetypicalquantitydistortionintroducedbya
monopolistis substantiallyreduced.

L etusnowconsiderthee¤ectsofanonuniformtari¤ policyonourequilib-
rium. A s L emma1 shows, anasymmetrictradepolicyalterstheequilibrium
qualitygap becausetheimpositionofdistincttari¤s ontheimports alters
theinternationalcompetitiveconditionsandcausesasymmetrice¤ectsonthe
qualityofimportsfromthetwodistinctcountries. Tostudytheincidenceof
nonuniform tari¤s, onemustconsidertwoe¤ects: O ntheonehand, thedi-
recte¤ectsofthepolicy, whicharebasicallyduetocostincreases, havebeen
alreadypresented in Proposition3. O ntheotherhand, thereareindirect
e¤ectsduetothestrategicdecisions…rmstakeinresponsetothealteration
ofcompetitiveconditions.

Proposition4 (i) Startingfrom freetradeasmalltari¤ onthelow-quality
variantleads to: (a) a downgrade in the quality ofboth variants, (b) an
increaseinthepriceofthehigh-qualityproduct, (c) areduction intheprice
ofthe low-quality good, (d) a reduction in the quantities sold and in the
numberofconsumers beingserved(andsomarketsize), (e) areduction in
consumersurplusand(f) adecreaseinsocialwelfare.

(ii) Startingfromfreetradeasmalltari¤ onthehigh-qualityvariantleads
to (a’) a downgrade in the qualityandprice ofboth variants and (b’) an
increaseinthequantitiessoldandinthenumberofconsumersbeingserved,
(c’) adecreaseinconsumersurplusand(d’) an increaseinsocialwelfare.

T heproofis intheA ppendix. T his resultillustrates thatthee¤ectsof
asymmetrictari¤ policiesaresensitivetowhetheritisthelow-qualityorthe
high-quality…rm whichis conferredatechnologicaladvantage. Essentially,
bothpoliciesdowngradequalities, whichreducesconsumersurplus. H owever,
atari¤ onthelow-qualityproducingcountryhas twoadditionalpervasive
e¤ects: the rise ofthe price ofthehigh-quality good and the fallin the
numberofactiveconsumers. T his togetherwiththefactthattheproceeds
obtainedfromthetari¤ policyaresmallimplythatatari¤ onthelow-quality
good is undesirableonwelfaregrounds. In contrast, atari¤ onthehigh-
quality…rm raiseswelfare. T hismeasurefosterscompetitionwhichreduces
equilibrium pricesandincreasesmarketsize. T houghtheoveralle¤ectisa
fallinconsumersurplus, tari¤ revenuesmorethano¤setthisreduction.
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4.2 TheM FN principle
W earenowinapositiontostudytheoptimaltari¤ policyundertheM FN
principle. T his principleisacentralpillarofinternationaltradewhosede-
scriptionisgivenbyA rticleI oftheG eneralA greementonTari¤sandTrade
(G A T T ):

“W ithrespecttocustomsdutiesandchargesofanykindimposed
onorinconnectionwith importationorexportation..., anyad-
vantage, favour, privilegeorimmunitygrantedbyanycontracting
partytoanyproductoriginatinginordestinedforanyothercoun-
tryshallbeaccordedimmediatelyandunconditionallytothelike
productoriginatinginordestinedfortheterritories ofallother
contractingparties.” (G A T T , 19 9 4, p. 486)

T heM FN obligationhas thee¤ectoftreatingactivities ofaparticular
foreigncountryatleastasfavorablyasactivitiesofothercountries. A pplying
theM FN principletoourframeworkis equivalenttosetoptimaltari¤s in
amannersuchthatth = tl = t:Policymakerofthedomesticcountrythus
chooses theM FN tari¤ ttomaximizedomesticsocialwelfare. A s noticed
above, animportantobservation is thatequilibrium productdi¤erentiation
is independentoftheM FN clausesincetari¤ rates aresimilarinthis case
(seeequation (6)). H ence, thesocialplannerchooses ttomaximize (15).
T he…rstordercondition is (16). Solvingfortweobtain the M FN clause
tari¤.

Proposition5 U nderthe M FN principle, …rms are taxedatthe positive
rate

tM FN =
1
2

·
1¡ ¹(4 ¹ + 5)

2 (¹ ¡1)(4 ¹ + 1)

¸
(17 )

where¹ isthesolutiontoequation(6):

Proof. Itonly remains toprove thattheoptimalM FN clause tari¤ is
positive. N otethatt> 0 ifandonlyif2 (¹¡1)(4 ¹ + 1) > ¹(4 ¹ + 5):T hatis
whenever4 ¹ 2 ¡11¹ ¡2 > 0:Solvingthis inequalityweobtainthatt> 0 if
andonlyif¹ > 2 :9 2 1164 ;whichisalwayssatis…edsincec1 ¸c2 (seeequation
(6)).

T hefollowingobservationsareworthmentioning. T heM FN clausetari¤
rateincreasesasthequalitygap increases, i.e. d tM FN =d ¹ > 0:T his implies
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thattheM FN tari¤ islarger, thegreatertheasymmetriesbetweenthe…rms.
Itishoweverneverlargerthan25 percent(lim ¹! 1 t(¹)M FN = 0:2 5):Table1
reportsthevaluesoftheM FN clausetari¤ forsomeparameterconstellations.
Inaddition, wereportthesocialwelfaregainsobtainedbyapplyingtheM FN
principleas comparedtoafreetrade(FT ) policy. A s itcanbeseen, when
…rmsaresymmetricwelfaregainsof2.5 percentcanbeachievedbyimposing
aM FN tari¤ of13.51 percent. T hesewelfaregains arelargerwhen …rms
di¤ersubstantially. Itis alsoworthmentioningthat, sincetheM FN policy
does nota¤ectthequalitygap, hedonicprices arenotmodi…ed(i.e. prices
andqualitiesfallinthesameproportion;see(9 ), (10) and(11)).

c1=c2 1 1.1 1.5 2 3
tM FN (% ) 13.51 14.44 17 .05 18.9 4 20.9 1
W FT 0.04322 0.04229 0.039 65 0.037 7 0 0.03565
W M FN 0.04430 0.04353 0.04140 0.039 88 0.03832

% gains over FT 2.50 2.9 3 4.41 5.7 7 7 .51

Table1: T heM ost-Favored-N ationtari¤ policy(µ = 1)

T heoptimum foundaboveisaconstrainedoptimum sincetari¤sarere-
strictedtobe identicalbythe M FN principle. B asicoptimization theory
suggeststhataconstrainedoptimumgeneratesvaluesoftheobjectivefunc-
tionthatarelowerthanthoseinafreeoptimum. H ence, ahigherwelfare
levelcanbeattainedbysettingdi¤erentiatedtari¤ rates. Inwhatfollowswe
studythedomesticgovernment’s incentivestodeviatefromtheM FN clause
describedinProposition5.

D i¤erentiating(14) withrespecttotl andth andrearrangingtermswe
obtain:

d W
d tl

=
W

(1¡tl)

·
¹µ(1¡tl)(¹ ¡1)
A(:)(4 ¹ ¡1)2 ¡1 + ®¯

¸
(18)

d W
d th

=
W

(1¡th)

·
4 ¹ 2 µ(1¡th)(¹ ¡1)

A(:)(4 ¹ ¡1)2 ¡®¯
¸

(19 )

where® = @¹
@c

c
¹ withc= c1(1¡th )

c2 (1¡tl); and ¯ = @W
@¹

¹
W :T heexplicitvaluesof®

and ¯ aregiven in the A ppendix. H ere ® represents theelasticityofthe
qualitygap ¹ withrespecttotherelativeunitcosts in(6), whichbyL emma
1 is positive. T heotherparameter¯ representstheelasticityofwelfareW
with respecttothequalitygap ¹. T henextL emmashows thatthis last
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elasticity is alsopositivewhentari¤ rates arepositive(as thoseunderthe
M FN principle).

L emma6Foranygiven positive tari¤ policy (tl;th ); socialwelfare is in-
creasingwiththequalitygap ¹ (i.e. ¯ > 0 ):

Proof. Foragivenpairoftari¤s(tl;th )wecancomputed W =d ¹ = (d ql=d ¹)A+
ql(d A=d ¹). Itiseasilycheckedthat

d ql
d ¹

=
(1¡tl)2 µ¹(8¹ + 7)

ci(4 ¹ ¡1)4
> 0

andthat

d A
d ¹

=
µ[(8¹ 2 ¡6¹ ¡5)¹ + tl(2 ¹ + 1)+ 2 ¹th(8¹ 2 ¡6¹ + 4 )]

(4 ¹ ¡1)3
:

Since¹ is always largerthan1.7 5 inanyequilibrium, this latterderivative
hasapositivesignwhenth ;tl > 0:T herefored W =d ¹ > 0 whenth ;tl > 0:

Expressions(18)and(19 ) implythatanincreaseinatari¤ a¤ectswelfare
inseveraldi¤erentways. First, itincreasestari¤ revenues. Second, itlowers
thequalityofthevariantconsidered(this e¤ecthas beensubstitutedaway
in(19 ) forconvenience). T hird, ita¤ectspricecompetitionbetweenthetwo
…rms. T hislaste¤ectispositivefortlandnegativeforth ;astheya¤ectthe
L H S of(6)inadi¤erentmanner. T his, togetherwithL emma6, demonstrates
thataM FN tari¤ policyisnotoptimal.

Proposition7 StartingfromaM FN policy, socialwelfarecanbeincreased
by(1) slightlyloweringthetari¤ rateonthelow-qualitygoodand(2) slightly
raisingthetari¤ onthehigh-qualitygood, i¤ ®¯ < 4 ¹=(1 + 4 ¹):

Proof. T heideabehindtheproofistoevaluate(18) and(19 ) atth = tl =
tM FN andstudytheirsigns atthatpoint. Consider…rst(19 ). N oticethat
d W =d thjth = tl= tM FN > 0 ifandonlyif:

4 µ¹ 2 (¹ ¡1)(1¡tM FN ) > ® ¯(4 ¹ ¡1)2A(:)

Since L emma6shows that¯ > 0 ; this conditionrewrites as (substituting
theexpressionforA(:)):

® ¯ <
4 ¹(¹ ¡1)(1¡tM FN )

0:5¹(4 ¹ + 5)+ tM FN (¹ ¡1)(1 + 4 ¹)
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U sing(17 ), thisconditionreducesto:

® ¯ <
4 ¹

4 ¹ + 1
(20)

Considernow(18). T henwehavethatd W =d tl < 0jth = tl= tM FN ifandonly
if:

(¹ ¡1)¹µ(1¡tM FN ) < (1¡® ¯)(4 ¹ ¡1)2A(:):

SubstitutingA(:)andtM FN intothis inequality, weobtain(20) too.

T he condition in Proposition 7 turns outnottobe restrictive atall.
Table2 reports simulatedvaluesof® and ¯ aswellas thecondition ® ¯ <
4 ¹=(4 ¹ + 1) atthepointth = tl = tM FN ; fordi¤erentvaluesofc= c1=c2 :It
isclearthatthisconditionisgenerallyful…lledinourmodel.

c1=c2 ® ¯ ®¯ 4 ¹=(4 ¹ + 1)
1 0.7 25645 1.117 27 0.8107 42 0.9 54556
1.1 0.7 49 7 9 3 1.09 67 3 0.821223 0.9 57 509
1.5 0.814169 1.05040 0.855206 0.96636
2 0.86139 2 1.02647 0.88419 3 0.9 7 338
3 0.9 09 234 1.009 7 3 0.9 1807 7 0.9 8127

Table2: ConditioninProposition 7 .

4.3 Firstbestpolicy
T heprecedingresulthasclearlyindicatedtheincentivesfortheactivistgov-
ernmenttodeviatefrom theM FN principleandapplyanonuniform tari¤
policy. Intheremainderofthepaperwewillconsiderseveralnonuniform
tari¤ policyoptionsthegovernmentcanchoosefrom.

T he activistgovernmentcan implementanonuniform tari¤ policy by
rede…ningits tari¤ nomenclature. Proposition 7 indeedsuggests thatitis
optimalforthegovernmenttoincludetwodistinctentries forthegood in
question, onewhich speci…es thecharacteristics ofthelow-qualityvariant,
theotherforthehigh-qualityone. Bydoingso, the M FN principle is no
longeroperativesincewenowfacetwo“di¤erent” goods originatingfrom
twodi¤erentcountries. Inaddition, the…rstbestpolicycanbeappliedwhile
stillcomplyingwiththeW T O legislation. O urnextresults sheds lighton
theoptimalpolicy.
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Proposition8 T heoptimaltradepolicyinvolvesatari¤ onthehigh-quality
goodandasubsidyonthelow-qualitygood.

Proof. T heoptimalpolicyisatriple(tl;th ;¹) suchthat(18), (19 ) and(6)
hold. From (18)wehave:

®¯ = 1¡µ(1¡tl)¹(¹ ¡1)
A(:)(4 ¹ ¡1)2

T hisexpressiontogetherwith(19 ) givestherelation

A(:)(4 ¹ ¡1)2 ¡µ(1¡tl)¹(¹ ¡1) = 4 µ(1¡th )¹ 2 (¹ ¡1)

U singtheexpressionforA(¢); thisequationreducesto:

16th¹(¹ ¡1)+ 4tl(¹ ¡1) = 4 ¹ 2 ¡11¹ ¡2 :

W ecanisolatetl toobtain:

tl =
4 ¹ 2 ¡11¹ ¡2
4 (¹ ¡1) ¡4 ¹th (21)

T hisequationgivestherelationship betweentl andth:N oticethatthe…rst
termoftheR H S ofexpression(21) ispositive. A saresult, tl < 0 necessarily
impliesthatth > 0:H ence, itsu¢cestoshowthattheoptimalpolicyissuch
thattl < 0:Tothatend, weisolateth in(21) andsubstituteitinto(18) to
studythesignofd W (tl;t¤h (tl)) forseveralvaluesoftl:Itiseasilyshownthat

d W
d tl

¯̄
¯̄
tl= tM FN

< 0 ; and
d W
d tl

¯̄
¯̄
tl= 0

< 0:

T hereforethereexistsanegativet¤l intheinterval(¡1 ;0 ) forwhichsocial
welfarefunctionreachesamaximum. H ence, theoptimalpolicywillinclude
asubsidyonthelow-qualitygood.

Table3reportssocialwelfareW ¤attainedundertheoptimaltari¤ policy.
Percentagechangesinwelfareandinhedonicpriceswithrespecttofreetrade
(FT)andtheoptimalM FN policyarealsoreported. ComparedtotheM FN
clause, socialwelfaregains ofabout6to11 canbeachievedviaahedonic
price reduction ofabout10 to16percent. Itcan alsobeobserved that
thepolicyisshapedtoreducethehigh-qualityandincreasethelow-quality.
IndeedqFTh > q¤h > qM FN

h andq¤l > qFTl > qM FN
l :
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c1=c2 1 1.1 1.5 2 3
W ¤ 0.049 25 0.04830 0.04545 0.04317 0.04061

% C hange over M FN :
W elfare 11.17 10.9 7 9 .7 9 8 .26 5.9 7

H ed onicPrices -16.40 -16.25 -15.11 -13.32 -10.17
% C hange over FT :

W elfare 13.9 5 14.22 14.64 14.51 13.9 3

Table3: T heoptimalpolicy(µ = 1)

5 R egionalTradeA greements
A typicalexampleofanonuniform tari¤ policywhich complies with the
W T O legislation is aRTA . A common featureoftheseagreements is the
discriminatory treatmentwhich favors members relative tonon-members.
G oodsimportedfrommembercountriesfaceazerotari¤ whilesimilargoods
imported from non-membercountries face apositive tari¤. Considerthe
casewheredomesticauthorities desiretoform aRTA withoneofthetwo
foreigncountries.14 A n interestingquestionarises here: Is itpreferableto
form aRTA withthecountrywherethelow-quality…rm is locatedorwith
thecountryhostingthehigh-quality…rm?W estudythis issuestartingfrom
theM FN clausepolicy.

Proposition9 A RegionalTrade A greementwith the low-quality produc-
ingcountryisalwayswelfaresuperiortoonewiththehigh-qualityproducing
country.

Proof. T hereasoningbehindtheproofistoshowthat(18)whenevaluated
atth = tM FN is inabsolutevaluelargerthan (19 ) whenevaluatedattl =
tM FN :Ifthis istrueforany(tl;th ) intheinterval(0 ;tM FN ); thentheresult
follows. Figure3illustratesthisreasoning.

From Proposition 7 weknowthat(i) keepingth = tM FN …xed, social
welfareW (tl;th = tM FN ) is downward slopingin aneighborhoodoftl =
tM FN ; andthat(ii) keepingtl = tM FN …xed, W (tl = tM FN ;th ) is upward
slopinginaneighborhoodofth = tM FN . T hereforestartingfrom theM FN
policy(pointM inFigure3)aRTA withthelow-qualitycountrywouldlead

14N oticethataRT A with bothcountries is nothingelsethanFT . Proposition3 has
alreadyshownthattheplanneratthedomesticcountrydoesnotdesiresuchapolicy.
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toawelfareleveldeterminedbypointA intheFigurewheneverW isawell-
behavedfunction. Incontrast, aRTA withthehigh-qualitycountrywould
leadtothewelfarelevelB . A nalytically, this isthecaseifandonlyif:

(¡1 + ® ¯)
(1¡tl)

+
(1 + ® ¯)
(1¡th )

+
µ¹(¹ ¡1)
(4 ¹ ¡1)2

·
1

A(tl;tM FN ;¹)
¡ 4 ¹
A(th ;tM FN ;¹)

¸
< 0

whereA(:) andtM FN aregivenabove. T heterm withinsquarebrackets is
stronglynegativeandmorethano¤setsanypositivesumofthetwo…rstterms
oftheconditionabove. Startingfrom theM FN principle, this condition is
generallysatis…ed.

W

A

B

WMFN

0 tMFN

W(tl=tMFN,th)

W(tl,th=tMFN)

t

M

Figure3: R egionalTradeA greements

T henexttablereports thewelfarelevels attainedbyestablishingRTA s
withthehighandthelow-qualityproducingcountries. Italsogivestheper-
centagechangesinsocialwelfareaswellas inhedonicpriceswithrespectto
theM FN clause. W ecanseethattherankingofwelfarelevelscorresponds
tothatofFigure3. A RT A withthecountrywhichexportsthelow-quality
goodisalwayswelfareincreasing. Incontrast, aRTA withtheothercountry
isalwayswelfarereducing, thewelfarelossincreasingwiththecostasymme-
try. T hereasonis thateventhoughbothhedonicpricesarea¤ectedinthe
sameproportion(see(9 )), theychangeinoppositedirections: theydecrease
underaRTA withthelow-qualitycountrywhileincreaseunderaRTA with
thehigh-qualityone. Intuitively, theRTA withthelow-qualitycountry is
preferablebecauseitcomesclosesttothe…rstbestpolicy.15

15A furtherremarkisthatitshouldbenotedthatintheRTA swehavepresented, the
…rm whichdoes nottakepartintheagreementcontinues ingeneralfacingtheoptimal
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c1/c2 1:1 1.5 2 3
1. W (RTA low ) 0.04396 0.04227 0.04035 0.0389 1
% ChangeoverM FN :
-W elfare 0.9 9 2.11 1.19 1.53
-H edonicprices -1.24 -2.03 -1.85 -1.49
2. W (RTA high) 0.04120 0.03863 0.03680 0.0349 5
% ChangeoverM FN :
-W elfare -5.31 -6.68 -7 .7 1 -8.80
-H edonicprices 1.9 0 1.80 1.58 1.22

Table4: W elfareandRT A s (µ = 1)

BasedonthenumericalsimulationsofthemodelreportedinTables3and
4, itispossibletoestablisharankingoftari¤ policiesbasedonsocialwelfare
levels. Second intherankingafterthe…rstbestpolicy is aRTA withthe
countrywherethelow-quality…rm islocated. Indeed, suchaRT A isclosest
totheoptimalpolicy. T hesewelfarelevelsexceedthoseoftheM FN principle
andfreetrade. Incontrast, aRTA withthecountrywherethehigh-quality
…rm isestablishedistheworstoption.

6 D iscussion
T hispaperhasconsideredoptimaltari¤ policyinacontextwhereproducts
containdi¤erentqualityattributes andwherelocaldemand is metby im-
ports from two…rms locatedintwodi¤erentcountries. Ithas beenshown
thatapure-strategyasymmetricequilibriumariseswheneverconsumershave
heterogenoustastesonquality. W hilepriorresearchhasindicatedhowsocial
welfarecanbeimprovedbyalteringqualitythroughtaxation inmonopoly
settings, ouranalysis has re…ned the discussion by determiningtheopti-
maltari¤ policyinthesetofalternativesunderoligopoly. T heexistenceof
asymmetricqualities gives risetoa…rstbestpolicyconsistingofsettinga
nonuniformtari¤ policy.

T hisresultgivesrisetoadilemma-likesituation. O ntheonehand, there
areclearincentives fortheactivistgovernmenttodeviatefrom the M FN

M FN tari¤. A sexpected, whenthegovernmentreducesthetari¤ ononeofthecountriesto
zero, itdoesbetterbyrecalculatingthetari¤ fortheothercountry. A smentionedabove,
thedomesticgovernmentwishestoform aRT A withthelow-qualityproducingcountry.
Forthiscase, re-optimizationwouldgiveanewtari¤ forthehigh-qualityproducingcountry
whichishigherthanthatundertheM FN clause.
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principle. O ntheotherhand, becauseofpossiblesanctions, theauthority
wishes tocomplywiththeW T O legislation. T hegovernmentis therefore
temptedtousequalityas anargumentforenteringdi¤erentvariants ofa
goodinitstari¤ nomenclatureandthuspursueitsoptimaltari¤ policy. O ur
numericalsimulationsrevealgainsofabout14percentofa…rstbestpolicy
overfreetrade, whicharelikelytobelargerthantheadministrativecostsof
implementingsuchapolicy.

A lternatively, thegovernmentmayconsidertheformationofaregional
agreement. Inthis regard, ourtheorymakes predictions concerningpoten-
tialmembers ofaRTA : welfare improvementis onlypossible ifaRTA is
achievedwithalow-qualityproducingcountry. H owever, accordingtothe
sameargument, thelattermayhavenoincentivetojoinunlessliberalization
inotherareasisgrantedaswell. T houghourmodelistoopartialequilibrium
toanswerquestions ofreciprocity, itis interestingtoobservethatregional
tradeagreementsseldomaddressonlytradebarriers.16

16Forexample, Ethier(19 9 8) argues thatregionaltradeagreementsgivenewcomers a
marginaladvantagecomparedtonon-participatingcountries inattractingforeigndirect
investments, whichthengiveaccesstoalargermarket.
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7 A ppendix
7 .1 ProofofL emma 2
R ecallthefollowingde…nitionsandnotation:

f(x) = 4 x2¡3x+ 2
(4 x¡1)3

g(x) = x3(4 x¡7)
4 (4x¡1)3

h(x) = x3(4 x¡7)(4 x2¡3x+ 2 )
(4 x¡1)6

Itcanbeeasilycheckedthatf0(x) < 0 ; f00(x) > 0 ; g0(x) > 0 ; g00(x) < 0
andh 0(x) > 0 forallx¸7=4 :

W edenote¹1 asthesolutiontoequation:

k1 =
¹ 2 (4 ¹ ¡7)

4 (4 ¹ 2 ¡3¹ + 2 ) (22)

withk1 =
c1(1¡th )
c2 (1¡tl) > 0 ;and¹ 2 asthesolutionto:

k2 =
¹ 2 (4 ¹ ¡7)

4 (4 ¹ 2 ¡3¹ + 2 ) (23)

with k2 =
c2 (1¡tl)
c1(1¡th ):In addition, wedenote ¸1 as the solution toequation

f(̧ ) = 1¡tl
1¡th g(¹1)and¸ 2 asthesolutiontof(̧ ) = 1¡th

1¡tlg(¹ 2 ):

(i) Firstwestudytheconditions underwhich A ssignment1 is anequi-
librium. Todoso, we…rstprovethatboth …rms’pro…ts attheproposed
equilibriumarenon-negative. T hen, wecheckthatno…rmhasanincentive
todeviatefrom it, i.e. no…rmhasanincentivetoleapfrogitsrival’schoice.
N otice…rstthatequilibrium pro…tsunderA ssignment1 canbewrittenas:

¼1;l =
µ2 (1¡tl)2 ¹31(4 ¹1¡7)(4 ¹ 21¡3¹1 + 2 )

2c1(4 ¹1¡1)6
(24)

and

¼ 2 ;h =
16c1(1¡th)2

c2 (1¡tl)2
¼ 1;l: (25)

Itiseasytocheckthat¹01(k1) > 0:T hen, inequilibrium, foranyparametrical
constellation, itmustbethecasethat¹1 ¸7=4 = 1:75. T hisactuallyimplies
thatqlandqh arepositiveandthatboth…rms’equilibriumbene…tsarenon-
negative(see(24) and(25)).
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N ow, letus seethatno…rm hasanincentivetodeviatebyleapfrogging
therival’s choice. T hecaseof“downward” leapfroggingonlymakes sense
ifthelow-qualitygood generates higherpro…ts as compared tothehigh-
qualitygood. Correctedforcostandtari¤ di¤erences, sellingahigherquality
goodpays16timesmorethanmanufacturingalowerqualitygood(see(25)).
T herefore, forreasonabletari¤ ratesdownwardleapfroggingcanberuledout.
T hesamereasoning, however, suggestspotentialfor“upward” leapfrogging.
Suppose…rm atcountry1 deviatesbyleapfroggingitsrival. Insuchacase,
…rmatcountry1 wouldselectq¸qh tomaximizedeviatingpro…ts:

e¼1;h = (1¡th)
4 µq2 (q¡qh )
(4 q¡qh)2

¡c1q2

2

T he…rstorderconditionis:

(1¡th)
4 µq(4 q2 ¡3qqh + 2 q2h )

(4 q¡qh )3
¡c1q = 0

D e…ne¸ ¸1 suchthatq = ¸qh = ¸¹ 1ql. T hen, wecanwrite:

q = (1¡th )
4 µ¸(4 ¸ 2 ¡3̧ + 2 )

c1(4 ¸ ¡1)3
= ¸qh = ¸(1¡th )

4 µ¹1(4 ¹ 21¡3¹1 + 2 )
c2 (4 ¹1¡1)3

Fromthisequality, weobtainthat¸ mustsatisfy:

c1
c2
=

(4 ¸ 2 ¡3̧ + 2 )(4 ¹1¡1)3
(4 ¸ ¡1)3¹1(4 ¹ 21¡3¹ 1 + 2 )

U singthede…nitionsgivenaboveandequation(22), wecanwrite:

f(̧ ) =
(4 ¸ 2 ¡3̧ + 2 )
(4 ¸ ¡1)3 =

1¡tl
1¡th

¹31(4 ¹1¡7)
4 (4 ¹1¡1)3

= g(¹1;tl;th) (26)

T hesolutiontothisequationis¸1 asde…nedabove. Equation(26)givesthe
optimaldeviatingproductdi¤erentiation(̧ 1)asafunctionoftheproposed
equilibriumproductdi¤erentiation¹1. Takingintoaccountthisrelationship,
wecancomparedeviatingpro…tse¼ 1;h withthoseattheproposedequilibrium
¼1;l. L ow-quality…rm atcountry1 does notdeviatewhenevere¼1;h · ¼ 1;l:
D eviatingpro…tscanbewrittenas:

e¼ 1;h = (1¡th)2
8µ2 h (̧ 1)

c1
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whileequilibrium pro…tsare:

¼ 1;h = (1¡tl)2
µ
2
h(¹1)
2c1

D ividingthesetwoexpressionsweget:

e¼1;h
¼ 1;l

=
(1¡th)2

(1¡tl)2
16h (̧ 1)
h(¹1)

T herefore, …rm1 doesnotdeviateifandonlyif16h (̧ 1)(1¡th)2 ·h(¹1)(1¡
tl)2 ; which is theconditiongiven in L emma2. T hus, forprimitiveparam-
eters (c1;c2 ;tl;th) suchthatthis inequality is satis…ed, A ssignment1 is an
equilibrium. Tocompletetheproofweneedtoshowthattheparametrical
spaceforwhichtheequationsabovehaverealwell-de…nedsolutionsandthe
aboveinequalityis ful…lled is notempty. W edothis bymeans ofoneex-
ample. First, notethatequation (6) is acubicequation in ¹:N oticealso
thatits R H S is increasingin¹:T herefore, sinceanyvalidsetofparameters
(c1;c2 ;t1;t2 ) satis…es ci(1¡tj)

cj(1¡ti) > 0 ; i; j= 1;2 ; i6= j; thereis always areal
solutionto(6) satisfying¹ ¸ 1:75:N ow, giventhis, noticethattherealso
exists asolutiontoequationf(̧ )¡kg(¹) = 0:Indeed, this is alsoacubic
equationin¸ thatwrites (4 ¸ 2 ¡3̧ + 2 )=kg(¹) = (4 ¸ ¡1)3:SincetheL H S
is everpositive, thesolution satis…es ¸ ¸ 1; as required. Itcanbeshown
thatprimitiveparametersexistforwhichA ssignment1 isanequilibriumof
thecontinuation game. Supposec1 = 1:1 andc2 = 1 anda M FN clause
tari¤ policy i.e. t1 = t2 :T hen, ¹ 1 = 5:6335; ¸1 = 1:2 578 and therefore
16h (̧ 1)(1¡th )2 = ¡4:158 2 £10 ¡3 < 0 < h(¹1)(1¡tl)2 = 3:12 0 8£10¡3:
T hus, A ssignment1 isanequilibrium ofthecontinuationgame. T his com-
pletestheproofofpart(i).

T heproofofpart(ii) is analogous. Toeconomizeon spacewedonot
presentithere. ItiseasilyseenthatA ssignment2 isalsoanequilibriumfor
theparametersgivenabove. Indeed¹ 2 = 4:90 6; ¸ 2 = 1:4 0 38 and16h (̧ 2 )(1¡
tl)2 = ¡0:0 35971 < 0 < h(¹ 2 )(1¡th )2 = 0:0 0 2 984 9:

Part(iii) follows from (i) and (ii). W e simply need toshowthatthe
parametersforwhichonlyoneequilibrium exists isnotempty. Considerfor
instancec1 = 3andc2 = 1 withaM FN clausetari¤ policy.

7 .2 TheH arsanyi-Seltencriterion
H ereweapplytheR iskD ominancecriteriontothecasewheretari¤ ratesare
zero. W efollowM ottaetal. (19 9 7 )whoprovideanexcellentguidetoapply

29



this re…nementin theclass ofgames weareconsidering. R epresent…rms
choicesbetweenbothassignmentsAk; k= 1;2 asa2 £2 gameasfollows:

A1 A2
A1 (x11;y11) (x12 ;y12 )
A2 (x2 1;y2 1) (x2 2 ;y2 2 )

H erex represents payo¤s for…rm 1 andy payo¤s for…rm 2. Clearly,
[A1;A1]and[A2 ;A2 ]arebothequilibriaofthegamewithcorrespondingpay-
o¤s (x11;y11) and(x2 2 ;y2 2 ) respectively. L etG 11 = x11¡x2 1 bethegainto
…rm 1 bypredictingcorrectlythat…rm 2 willselectA ssignment1 (andbest
respondingtotheprediction). L ikewise, G 12 = x2 2 ¡x12 is thegainto…rm
1 byforecastingcorrectlythat…rm 2 willselectA ssignment2. For…rm2 we
haveG 2 1 = y11¡y12 andG 2 2 = y2 2 ¡y2 1:Itis saidthatA ssignment1 risk
dominates A ssignment2 wheneverG 11G 2 1 > G 12 G 2 2 :

Figure4represents G 11; G 12 ; G 2 1 andG 2 2 forthecasewheretari¤ rates
arezerointheregionofrelativecostscforwhichbothequilibriaexist, i.e.
c1 ·1:59c2 . Itcanbeseenthattheinequalityaboveissatis…edandtherefore
theuniqueequilibrium remainingis A ssignment1. Itis importanttonote
thatforanypolicy such thatthe M FN principleapplies, i.e. th = tl the
graphbelowonlychangesquantitatively, notqualitatively. T herefore, under
theM FN principle, onlyA ssignment1 isanequilibrium.17

-0.15
-0.1

-0.05
0

0.05
0.1

0.15
0.2

0.25

1 1.05 1.1 1.5 1.59

c

G11 G12 G21 G22

Figure4: R iskD ominanceCriterion

1 7 T he calculations and …gures showing that A ssignment 1 is the unique re…ned-
equilibrium forothertari¤ schedulesaresimilarandthereforeomitted.
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7 .3 ProofofProposition4
(i)First, noticethatbyL emma1 @¹

@tl
> 0:(a)W eneedtocomputethesignof

d qh
d tl
= @qh

@¹
@¹
@tl
:From 11 wehave @qh

@¹ = ¡(1¡th )8µ(5¹+ 1)
c2 (4 ¹¡1)4

< 0:T herefore d qh
d tl

< 0:

W ealsoneedthesignofd ql
d tl
:W riteql = qh

¹ :Sinceqh fallsand¹ increaseswith

tl;then d ql
d tl

< 0:(b) U se(11)and(9 ) torewriteph = (1¡th )8µ
2 ¹(¹¡1)(4 ¹ 2¡3¹+ 2 )
c2 (4 ¹¡1)4 .

W eneedthesignof d ph
d tl

= @ph
@¹

@¹
@tl
:Since @ph

@¹ = (1¡th )8µ
2
(12 ¹3¡19¹ 2 + 14 ¹+ 2 )
c2 (4 ¹¡1)5

> 0 ;

weconcludethat d ph
d tl

> 0 ; i.e. thedomesticpriceofthehigh-qualitygood

increases. (c) From (9 ) wehavepl = ph=2 ¹:T hen, pl = µ(¹¡1)
¹(4 ¹¡1)qh:O bserve

that µ(¹¡1)
¹(4 ¹¡1) decreaseswith ¹ ¸5:2 512 3; andsowithtl:A lsothatqh falls

with tl:T henweconclude that d pl
d tl

< 0:(d) T he resultfollows from the
factthat d Di=d ¹ < 0 ; i = 1;2 (see (8)). (e) Consumersurplus can be
writtenas C S= µ¹(4 ¹+ 5)

2 (4 ¹¡1)2 qh:Itcanbeseenthatbothfactors µ¹(4 ¹+ 5)
2 (4 ¹¡1)2 andqh

fallwith ¹:T herefore d C S
d tl

< 0:(f) U sing(12), (13) and(10), therelevant

expressionofsocialwelfareisW = µ2 ¹3(4 ¹¡7)(1¡tl)(¹(4 ¹+ 5)+ 2tl(¹¡1))
2c1(4 ¹¡1)2 :W eneed

the sign of d W
d tl

¯̄
t̄l= 0

= @W
@tl

¯̄
t̄l= 0

+ @W
@¹

@¹
@tl

¯̄
t̄l= 0

:W e can compute @W
@tl

¯̄
t̄l= 0

=

¡µ
2
¹3(4 ¹¡7)(4 ¹ 2 + 3¹+ 2 )

2c1(4 ¹¡1)5 < 0:A lso @W
@¹

¯̄
t̄l= 0

= µ
2
¹3(16¹3¡2 4 ¹ 2 + 4 5¹+ 35)

c1(4 ¹¡1)6 > 0:From

equation(6)wehavethat @¹
@tl

¯̄
t̄l= 0

= c2 ¹3(4 ¹¡7)2
4c1(16¹3¡2 4 ¹ 2 + 4 5¹¡2 8) > 0:U singagain(6)

tosubstitutec2 =c1;wecanwrite @¹
@tl

¯̄
t̄l= 0

= ¹(4 ¹¡7)(4 ¹ 2¡3¹+ 2 )
16¹3¡2 4 ¹ 2 + 4 5¹¡2 8 > 0:N owweare

readytocomputethetotalderivative
d W
d tl

¯̄
t̄l= 0

= ¡µ2 ¹3(4 ¹¡7)(12 8¹6+ 32 ¹5+ 4 0¹ 4¡154 ¹3+ 79¹ 2¡370¹+ 56)
c1(4 ¹¡1)5(12 8¹ 4¡2 2 4 ¹3+ 4 0 8¹ 2 ¡314 ¹+ 56) < 0:T his completes

theproofof(i).
T heproofof(ii) isanalogousandthereforeomitted.

7 .4 Elasticities ® and ¯ in(18) and(19 )
® = 4k(4 ¹ 2 ¡3¹+ 2 )2

¹ 2 (16¹3¡2 4 ¹ 2 + 4 5¹¡2 8) withk= ci(1¡th )
cj(1¡tl):

¯ = y1=y2 where

y1 = 2 4t2l(¹ ¡1:2 182 5)(¹ + 0:7182 4 6)+ tl[2 1 + ¹(82 ¡112th )+
¹ 2 (66+ 10 8th)¡¹3(4 8 + 96th)+ ¹ 4 (32 + 64th)]¡
32 ¹(¹ + 0:55380 9)(¹ 2 ¡2 :0 5381¹ + 3:94 99 2 )¡
64 ¹th(¹ ¡1:2 6179)(¹ 2 ¡0:2 382 15¹ + 1:38692 )
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and

y2 = (¡1 + tl)(4 ¹ ¡7)(4 ¹ ¡1)(tl(¹ ¡1)+ ¹(2 :5+ 4th(¹ ¡1)+ 2 ¹):
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