
EvaluatingtheSuccessof aCGEModelof theCanada-U.S.Free
TradeAgreement

�

Alan K. Fox
Dept.of Economics

Universityof Michigan
Ann Arbor, MI 48109USA
alanfox@umich.edu

November8, 1999

Abstract

Although CGE modelshave beenusedextensively to evaluatethe potentialimpactof economic
policy reforms,few effortshavebeenmadeto assesstheempiricalaccuracy of thesemodels.Following
Kehoeet al. (1994), this paperconsidersthe performanceof Brown andStern(1989),a CGE study
of the Canada-U.S.FreeTradeAgreement.I find that the basicmodelperformswell for changesin
tradeflows,but not for changesin sectoraloutputor employment.Addingappropriatemacroeconomic
shocksto the modelyields dramaticallybettersimulationresultsfor outputandemployment,while
leaving tradeflowsrelatively unaffected.

1 Intr oduction

Over theyears,countlesshourshavebeenspentdevelopingandimplementingcomputablegeneralequilib-

rium (CGE)modelsfor exercisesin policy evaluation.However, little hasbeendoneto studythesuccess

of theseendeavors. Indeed,asPatrickandTimothyKehoe(1994)note:

Althoughalargeamountof energy andresourceshasgoneinto constructingAGE1 modelsand
usingthemto analyzepolicy changesover thepasttwo decades,relatively little hasgoneinto
evaluatingtheperformanceof thesemodelsaftersuchpolicy changeshave actuallyoccurred.
To trusttheresultsof AGE modelsandevenjustify theeffort put into them,we would like to
know thatthey really explain and,to someextent,predictthecrucialchangesthatoccurin an
economyasa resultof apolicy change.(p. 13)

�
I am indebtedto the participantsof the University of Michigan’s ResearchSeminarin InternationalEconomicsandto the

attendeesof theAnnualConferenceson GlobalEconomicAnalysisfor theirhelpful commentson earlierversionsof thispaper. I
would like to extendspecialthanksto RobertM. SternandAlan V. Deardorff for theirguidancewith thisproject.

1AGE is theabbreviation for AppliedGeneralEquilibriumandis synonymouswith ComputableGeneralEquilibrium(CGE).



Theauthorsgoontochallengeothermodelbuildersto review theircreations:“Modelersof theU.S.-Canada

FTA, suchasCoxandHarris(1985)andBrown andStern(1989),shouldreruntheirmodelstakingexplicit

accountof how theexternalshocksaffectedtheUnitedStatesandCanadain 1989andafterward.” (p. 14)

TimothyKehoe,ClementePoloandFerranSancho(1994)backupthesewordswith deeds,reassessingthe

successof theirmodelof Spain’s entryinto theEuropeanCommunity(EC).

ThomasHertel (1999)findssuchexercisesin historicalsimulationgroundsfor optimismaboutthefuture

of CGEmodeling.Hedeclaresthat“[t]his is thekind of researchthatis essentialif ourwork is to establish

credibility with decision-makers.”

My paperaimsto addressthechallengelaid down by KehoeandKehoe:to testthechangesdueto the

U.S.-CanadaFTA asmodeledby Brown andStern(1989)(notedin thispaperasB&S) usinganadaptation

of theMichiganModelof World ProductionandTrade.Thepaperfirst considerstwo policy experiments:

the original caseof full tariff removal, anda secondexperimentof partial tariff removal, reflectingtariff

levelsasof 1992.

In the post-agreementperiod,both the U.S.andCanadianeconomiesexperiencedsubstantialmacro-

economicshocks.As KehoeandKehoepoint out above, it is necessaryto take “explicit account”of these

externalshocks.I thenproceedaccordinglyto adjustthemodelfor suchmacroeconomicshocks.

As a last exercise,the Michigan Model’s market structureis adjustedto matchthat currently in use

by the Michigan modelingteam.2 Eachof theseadjustmentsto the model resultsin somemeasureof

improvement,somemoredramaticthanothers.I concludethat theresultsof thefully adjustedmodelare

considerablybetterthantheoriginalunadjustedmodel.

A brief review of thestructureof theMichiganModel follows in Section2, alongwith adescriptionof

its specificimplementationto analyzetheU.S.-CanadaFTA. Next, Section3discussesthedatasourcesused

to conducttheoriginal simulationsandto completethereassessment.Thecomputationalexecutionof the

U.S.-Canadamodelis thenlaid out in Section4. Section4.1considerstheperformanceof themodelwith

regardto changesin U.S.-Canadatrade,employment,andoutput. In Section5, variousmacroeconomic

shocksreflectingunanticipatedfluctuationsin thetwo economiesareappliedto themodelingframework.

Thesemacroshocksarethencombinedwith thepolicy shocksandthesimulationresultsarethencompared

to theactuallyobservedoutcomes.Section6 considerstheeffectsof analternative specificationof market

structurein the model. Lastly, Section7 presentsa summaryof the conclusionsdrawn from the various

2See,for example,Brown et al. (1996).
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simulations.

2 Michigan Model

Thefollowing is a brief descriptionof theversionof theMichiganModel of World ProductionandTrade

asit is usedin this paper. The purposeof the original modelingexercisewasto simulatethe effect of a

reciprocalremoval of all tariffs betweentheUnitedStatesandCanadaasa resultof theproposedCanada-

U.S. FreeTradeAgreement.The model thereforeposedasthe counterfactuala drop in tariffs from the

prevailing rateto zeroacrossall sectors.Otherexogenousvariablesof themodel,suchaseachcountry’s

total capitalstock,total laborsupply, andbalanceof trade,wereassumednot to change.

Theimplementationherediffersslightly from Brown andStern(1989). In theoriginal paper, anaddi-

tional market structure,namelymarket segmentation,wasusedto modelsomeof thesectors.I treatthose

sectorsasmonopolisticallycompetitive with no entry. The dataon which the simulationsarebasedalso

differ from theoriginal paperfor two reasons.First, thecompleteoriginal datasetis no longeravailable.

Second,sincethegoalof thisexerciseis to testthethemodelstructure,thedatasetwasupdatedto provide

a snapshotof theeconomiesimmediatelybeforethe U.S.-CanadaFTA cameinto effect. Therefore,data

from 1988have beenusedwhenpossible.

2.1 Countries and Regions

Thefull versionof theMichiganModel,asdiscussedin Deardorff andStern(1986),has34separatecoun-

tries anda Restof World aggregate. In this versionof the model, the countrycoverageis substantially

simplified.TheUnitedStatesandCanadaaremodeledindividually, while theother32countriesof thefull

modelareaggregatedinto oneregion,Other32.3 As in thefull model,all othercountriesarecombinedto

form a Restof World tradingbloc.

2.2 Sectoraland Mark et Structure

Themodelconsistsof 29sectors,22of whicharetradable.Eachsectoris modeledaccordingto oneof the

following competitive structures:perfectcompetition,monopolisticcompetitionwith barriersto entry, or
3Thecountriesaggregatedinclude: Australia;Austria; Belgium-Luxembourg; Denmark;FederalRepublicof Germany; Fin-

land;France;Ireland;Italy; Japan;theNetherlands;New Zealand;Norway;Sweden;Switzerland;theUnitedKingdom;Argentina;
Brazil; Chile; Colombia;Greece;HongKong; India; Israel;Mexico; Portugal;Singapore;SouthKorea;Spain;Taiwan; Turkey;
andVenezuela.
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monopolisticcompetitionwith no barriersto entry. Table1 shows thebreakdown of competitive structure

andmarket entryby sector.

Thetreatmentof mosttradablesectorsasmonopolisticallycompetitive minimizestheneedto usethe

Armingtonassumptionto explain consumers’preferencesfor differentvarieties.Underthemonopolistic

competitionassumption,eachfirm’sproductis assumedto beanimperfectsubstitutefor otherfirms’ prod-

ucts. Thus,consumersareassumedto buy a bundleof goods,includingboth importedanddomestically

producedvarieties.TheArmingtonassumptionappliesto thosesectorsclassifiedasperfectlycompetitive

andtraded,namelyAgriculture(1), LeatherProducts(323),andWoodProducts(331).

2.3 Expenditure

Consumersandproducersusea two-stagemethodto allocateexpenditures.In the first stage,consumers

maximizea Cobb-Douglasutility function. This determinesthe consumptionbudgetfor eachof the 29

goods.Producersdemandintermediateinputsof thesesamegoodsin fixedproportions.Thedemandsof

producersandconsumersarethenaddedto determinetotal demand.In thesecondstage,total demandfor

eachsectoris allottedacrossthe competingvarieties,or betweendomesticandimportedversionsin the

caseof perfectcompetition,accordingto aCESfunction.As in B&S, theelasticityof substitutionbetween

varietiesis setto 15 for all sectorsandcountries.4

2.4 Production

Theproductionfunctionis separatedinto two stages.In thefirst stage,intermediateinputsanda primary

compositeof capitalandlaborareusedin fixedproportions.In thesecondstage,capitalandlaborarecom-

binedthrougha CESfunctionto form theprimarycomposite.To determineprices,perfectlycompetitive

firmssetpriceequalto marginalcost.Monopolisticallycompetitive firmsmaximizeprofitsby settingprice

to a fixedmarkupover marginal cost.Themonopolisticallycompetitive sectorsaremodeledfollowing the

techniquedevelopedin Dixit andStiglitz (1977).

Undermonopolisticcompetition,the numberof firms in eachindustryis assumedto satisfythe zero

profit conditionin thecaseof freeentry. In thosesectorswith noentry, theinitial equilibriumis parameter-

izedto satisfythezeroprofit condition.

4Accordingto Brown andStern(1989,p. 106,fn. 7), “Valuesof theelasticityof substitutionbelow 15 imply a valuefor fixed
capital’s shareof total capitaloutsidetheinterval (0,1).”
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2.5 Capital and Labor Mark ets

Capitalandlaborareassumedto beperfectlymobilebetweensectors,but not betweencountries.Returns

to capitalareassumedto beflexible. A singlerateof returnto capitalis determinedfor eachcountry. As in

theoriginalwork by B&S, wagesareassumedto befixedandequalacrosssectors.

2.6 World Mark et and Price Equalization

World marketsdetermineequilibrium pricessuchthat all marketsclear. Total demandfor eachfirm or

sector’s productmustequaltotal supplyof thatproduct.

Pricespaidby consumersor receivedby sellersarelinkedto world pricesthroughexchangeratesand

tariffs. The world price is denominatedin the numerairecurrency, the U.S. dollar. The price paid by a

consumeris the world price translatedinto the local currency, plus the ad valoremtariff wedge,if any.

Exchangeratesaresetsuchthatthebalanceof tradeis maintainedat its initial level.

2.7 Model Closure

In orderto achieve modelclosure,I mustchooseseveral variablesto be exogenous.The choicesarethe

sameasin B&S: balanceof tradefor CanadaandOther32;capitalstockandlaborsupplyin all threemodel

countries;theU.S.exchangerate(theU.S.dollar is takento bethenumerairecurrency); andthewagerate

for all threecountries.Fixing thewagerate,asin B&S, allowsusto usethelabormarket equationin place

of anexplicit nationalexpenditureequation.

Given theB&S choiceof closure,I have decidedto considerthemodelassimulatingtheeconomies’

behavior in the medium-run. The intersectoralmobility of capital and labor seemsto rule out a short-

run model, while the fixity of wageratesandthe internationalimmobility of capitalrule out a long-run

perspective. Sincethetradeliberalizationis in factphasedin overa totalof 10years,settingthetimeframe

atamedium-runof four yearsallows meto captureagreaterportionof theactualtariff liberalization.

2.8 Model Implementation in GEMPACK

The original B&S modelwas implementedin FORTRAN-G underthe MTS operatingsystemformerly

usedat theUniversityof Michigan.However, with thepassingof MTS, it becamenecessaryto migratethe
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modelto a new platform. For the sake of transparency andeaseof use,the decisionwasmadeto move

to oneof the availablegeneralequilibriummodelingsystems.The computationalmodelis implemented

hereusingtheGEMPACK GeneralEquilibrium ModelingPackageasdescribedby HarrisonandPearson

(1996).

GEMPACK allows theuserto specifythemodel’s equationsusinga high-level, readablelanguage.A

model is composedof threemain sections:declarationof variablesand fixed parameters;initialization

of the valuesof the variablesand parameters;and the equationsof the model. The equationsmay be

specifiedeitherin levelsor in percentagechangeterms.TheU.S.-Canadamodelusedhereis implemented

in percentagechange.GEMPACK thentranslatesthishigh-level descriptionof themodelinto aFORTRAN

programcapableof performingsimulations.The FORTRAN programis compiledandthenrun usinga

commandfile describingthedatato beused,thespecificationof exogenousvariablesto ensureclosure,the

desiredsolutionmethod,andtheshocksto bemadeto thesystem.

Simulationsof themodelarecarriedoutusingtheJohansenmethod,which solvesthelinearizedequa-

tionsof themodel.This is of courseanapproximationthatmightor mightnotbeagoodone.Thismethod

hasbeenusedhereto maintainconsistency with B&S. Becauseof the natureof the Johansensolution

method,we know thattheapproximationyieldsbetterresultsfor smallershocks.Giventherelatively low

prevailing tariffs betweentheUnitedStatesandCanada,this is probablya reasonabletreatment.

3 Data Sources

3.1 Trade Data

TheoriginalB&S paperderivedtradeflowsfrom UN reportedtradefor 1980.All tradeflowsusedhereare

derivedfrom StatisticsCanada’s World TradeDatabase,aspublishedin Feenstraet al. (1997).TheWorld

TradeDatabaseisultimatelybasedonthesameUN tradedataasB&S. Thedatasetcontainsannualbilateral

goodstradeflows,adjustedto eliminateimporterandexporterreportingdiscrepanciesandconcordedat the

SITC4-digit level. Dataareavailablefor theyears1980-1992.All tradeflowsarereportedin currentU.S.

dollars. Thesedataareconcordedin several stepsto the Deardorff andSternclassification(DSC) used

in theU.S.-Canadamodel(seeDeardorff andStern(1986)for a discussionof theclassificationscheme).

The dataarethenaggregatedaccordingto the B&S countrygroupings(United States,Canada,Other32

Countries,Restof World).
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As a first step,the tradedataareconcordedto 24 DSC sectors. Theseare the 22 tradedsectorsof

the U.S.-Canadamodel,plus two additionalsectorsthat are treatedasnontradedin this model: Mining

andQuarrying(2); andElectricity, Gas,andWater(4). Tradeflows that do not fall into oneof these24

classificationsarecombinedinto a 25thsector, Not ElsewhereClassified(NEC).5 In thesecondstep,the

NEC sectorsaretrade-weightdistributedacrossthe24 identifiedsectors.Next, tradein sectors2 and4 is

discardedto maintaincomparabilitywith B&S.

The resultingdataset consistsof bilateral tradeamongfour entities,divided into 22 sectors. This

concordanceprocedureis followed for eachof the years1980-1992.All of the simulationsof the CGE

modelareperformedusingthe1988tradedataset.

3.2 Input-Output Tables

Theinput-outputtablesusedin themodelarethesameonesusedin theoriginal B&S paper. That is, the

U.S.1972tableis usedfor boththeUnitedStatesandtheOther32countrygrouping.Canada’s tabledates

from 1976.In eachcase,thetableis scaledaccordingto theRASmethodto matchtradeandgrossoutput,

labor, andcapitalmeasuresfor 1988.

3.3 Deflators

SinceB&S is a realmodel,all simulationresultsarein termsof realchangesin therespective variables.In

orderto compareactualchangesto themodelsimulations,it is necessaryto deflatetheobservedchanges.

GrossoutputandGDParedeflatedusingtheGDPdeflatorseriesfor theUnitedStatesandCanadaavailable

in theWorld Tables (World Bank,1995).Tradeflows have beendeflatedusinga differentseries(available

from theDRI BasicEconomicsDatabase),theU.S. Implicit PriceDeflatorfor exportsof GoodsandSer-

vices,seriesGDEX.

3.4 Production

Productiondatafor manufacturedgoodscomefrom theSTAN Databaseaspublishedby theOECD.These

productiondataareaggregatedto the appropriateDSC manufacturingsectors(310 through38A). Gross

outputfor thenon-manufacturingsectors1,2,and4 through9 is derivedfrom two sources.Whenavailable,

5TheNECsectorsareSITCcodes9, 9110,9310,and9999.
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grossoutputas reportedby the United Nations(United NationsStatisticalOffice, 1992,1993) is used.

However, grossoutputis not availablefor U.S.sectors7, 8, or 9. Additionally, no grossoutputfiguresat

all areavailablefor 1992.To estimatethesemissingnumbers,valueaddeddatawerescaled.6

3.5 Employment

Data on numberof employed workers for manufacturedgoodssectorscomefrom the STAN database.

Othersectoraldatacomefrom OECD(1995).

3.6 Population

The populationdatacomefrom the latestavailableversionof the PennWorld Tables,Mark 5.6. A full

descriptionof theMark 5 databaseis availablein SummersandHeston(1991). The latestversionof the

PennWorld Tablesis availableelectronicallyfrom http://www.pwt.econ.upenn.edu.

4 Simulation Results

In whatfollows, I reporttheresultsof thefiveexperimentslistedin Table2. Thefirst experimentinvolves

simultaneousremoval of all bilateralU.S.-Canadiantariffs, usingtheaforementioneddataconstructs.

The ad valoremtariffs in effect at the time of the agreementare listed in Table3. As canbe seen,

Canada’s tariff level againstthe United Stateswashigherthanthe U.S. reciprocaltariffs in 21 of the 22

sectorslisted. The soleexceptionwasthe TransportationEquipment(384) sector, which wasfree of all

tariffs as a result of the 1965 Auto Pact. While U.S. and Canadapre-agreementbilateral tariffs were

alreadylow, therewereseveral significantexceptions.Textiles (321),WearingApparel(322),Footwear

(324),andFurniture(332) received substantialprotectionin Canada.The United Statesalsomaintained

significant,thoughlower, barriersto Canadianexportsfrom thesesectors.

The experimentrun in the GEMPACK model, then,consistsof reducingthese44 tariffs to zero. It

shouldbenotedthatthisdiffersfrom theactualtermsof theagreement,wheretariffs aregraduallyremoved

6Thevaluedaddeddatafor 1988-1991comefrom thesameUN sources,while datafor 1992comefrom theOECDNational
AccountsDetailedTables(OECD,1995).For sectors7, 8, and9, U.S.valueaddedis scaledby theCanadianratioof grossoutput
to valueadded.TheCanadianratiois usedbecausetheU.S.grossoutputseriesin thesesectorsis incomplete.TheCanadianfactor
is establishedby takingthesumof grossoutputover theperiod1988-1991anddividing it by thesumof valueaddedover thesame
period.All grossoutputnumbersareconvertedto U.S.dollarsandscaledby theU.S.GDPDeflatorseries,GDPD.
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over a phase-inperiodof severalyears.For this reason,it is appropriateto comparetheresultsgenerated

by themodelto tradeseveralyearsaftertheimplementationof theagreement.

4.1 Evaluation of B&S Model Results

Onceresultsareobtainedfrom themodel,I comparethemto theactualchangesobservedin theeconomies

over the four yearssubsequentto the accord. For this purpose,I considerthe changesin the U.S. and

Canadareciprocalimports,sectoraloutput,andsectoralemployment. SincetheFTA went into effect on

January1, 1989,all changesreportedarechangesrelative to thebaseyear1988.

In orderto measurethegoodnessof fit, themodelcalculationsfor sectoralchangesin trade,output,and

employmentareregressedagainsttheactuallyobservedchangesbetween1988and1992.Two measuresof

goodnessof fit areconsidered:theweightedcorrelation,� , betweenthecalculatedandobservedvectorsof

changes,aswell asthe
���

resultingfrom theweightedregressionsof thecalculationsof themodelagainst

actualoutcomes.

Thefirst measure,� , wasalsousedby Kehoeetal.:

���
�
	�� �	�
 	��
 	

� ��	 � �	 
 �	 ��	 � �	 �
 �	 (1)

The parameter
� 	

is the weight for sector� . The weight is derived by rescalingthe observed 1988level

of the variablesuchthat the vectorof weightssumsto the numberof observations. For example,in the

caseof trade,the weight for a given sectoris that sector’s proportionof 1988tradetimesthe numberof

tradedsectors,22. Theobservedpercentagechangeof thevariablein questionis

 	

, and
�
 	

is thesimulated

percentagechangein thatvariable.Likeany correlationmeasure,� rewardssimulationresultsthathave the

right signsandrelativemagnitudes,but it doesnot take into accounttheabsolute magnitudeof thechanges.

Kehoeetal. alsousedan
���

statisticcalculatedusingthefollowing equation:

� � �����
� 	�� �	���
 	 � �
 	�� �� 	�� �	 
 �	 (2)

This is a reasonablemeasureof goodnessof fit if the weighted mean of

 	

is equal to the weighted mean

of
�
 	

. This is the casein Kehoeet al. by construction.If the weightedmeanof the simulationdoesnot

matchtheweightedmeanobservation, the
���

calculatedaccordingto this formulacaneasilybenegative.

Sincetheseweightedmeansarenotnecessarilyequalin theB&S framework, I takeaslightly moreflexible
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approachandestimatethefollowing equation:


 	�� � 	 � �"! �
 	#� � 	%$'&(	#� � 	 (3)

The
���

from this weightedregressionis thenreportedin thetablesbelow, alongwith thefitted valueand

standarderrorfor � ! . Thisensuresthatthe
� �

hasa lowerboundof zero,while alsoproviding the � ! asan

additionaldiagnosticmeasure.If � ! exceeds1, thenwe know that thesimulationcalculateschangesof a

magnitudelower thanthoseobserved,while if � ! is lessthan1, thenthesimulatedchangesaregreaterthan

theactuallyobservedchanges.

In additionto comparingthe CGE modelresultsto observed datafor trade,I consideran alternative

hypothesis,namelythatsectoraltradefollows asimpleseculartrend.For eachof the22 tradedsectorsand

eachdirectionof trade,a simpleOLS regressionis fitted over time to thenineinflation-adjustedobserved

tradeflows from 1980-1988.Theparametersresultingfrom theseregressionsarethenusedto projectthe

changein tradethroughthe year1992. Column(0) in Table5 lists the summarystatisticsof theseOLS

forecasts,while Tables6 and7 list thefull results.

Evaluationof changesin grossoutput and employment is donein a fashionsimilar to tradeflows,

althoughnosimpleOLSalternative is considered.Weightedregressionsarecalculatedfor eachseries,and

weightedcorrelationsarealsoprovided.

4.2 Full Tariff Removal

Table5 shows thecalculationsof U.S. importsfrom Canadafor all experiments(full resultsaregiven in

Table6). For the momentI will limit my attentionto the resultsfor the baseCGE model(Column(1))

and the OLS model (Column (0)). The CGE simulationyields resultswith a weighted � of 0.265for

the observed changein importsbetween1988and1992. The goodnessof fit regressiongivesus more

diagnosticson thesimulation.The
� �

statisticreaches0.305,while the �"! coefficient equals0.374.This

valuefor � ! meansthatthemodelover-estimatesthemagnitudeof changesin importsby 167percent.

TheOLS simulation(Column(0)) faresslightly worse,yielding a weighted� of 0.138anda weighted
���

of 0.301. However, thesimpleOLS projectionprovidesa � ! estimateof 0.447. This implies that the

OLSregressionestimateschanges124percenthigherthantheobservedchanges.

Next I considerthetheresultsfor Canada’s imports(full detailin Table7). By comparisonto theother

directionof trade,theCGEmodelperformssubstantiallybetter. Theweightedcorrelationis 0.816,while
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the weighted
���

is 0.785. The resultsfor � ! alsoindicatesimulatedchangecloserto that observed; the

fittedvalueof 0.687suggeststhatthemodelis over-estimatingmagnitudeby 46percent.

OLSperformsmuchworsethanin thecaseof Canada’s importsfrom theUnitedStates.The � statistic

is negativeandthe
� �

is nearzero.Theseresultsaredrivenby theTransportEquipmentsector(384),which

accountsfor almost34 percentof 1988imports. Excludingthis sectorraisesthe � statisticto 0.136. We

seethattheCGEmodelresultshave thecorrectsignandthatthemagnitudeof importchangesin Transport

Equipmentis markedlybetter.

Next let usconsidertheresultsfor changesin sectoralemployment(detailedresultsavailablein Table8

for theUnitedStatesandTable9 for Canada).Theseresultsarepoor. While theresultsof theCanadianfull

tariff removal simulation(Column(1)) arepositively correlatedwith theobserved changein employment

between1988and1992,the
���

is quite low. It is alsoclearthat the CGE modelresultsshow far more

modestchangesin employmentlevelsthanareobserved. Theresultsfor theUnitedStatesareevenworse,

showing anegative correlationand
� �

nearzero.

It is clearthatmuchmoreis happeningin thetwo economiesthanis capturedby theB&S model.While

employmentgrew by 2.34percentin theUnitedStatesandby 0.70percentin Canadaover the1988-92

period,thisgrowth wasfar from uniformacrosssectors(seecolumnentitled“1988-92% Chg.”, in Tables8

and9). Agriculture(Sector1) andmostmanufacturingsectorsexperienceddeclinesin employment.Most

expansionin employmenttookplacein servicesectors7, 8, and9. Employmentin Community, Socialand

PersonalServices(9)—thelargestsectorin both countries—grew by 10.73per centin the United States

andby 7.95percentin Canada.Finance,InsuranceandRealEstate(8) exhibitedsimilarexpansion.Labor

clearlymovedfrom manufacturingto servicesover thefour-yearperiod.

In orderto modeltheselabor-market shiftsmoreeffectively, otherfactorsmustbetaken into account.

First, the B&S modelassumesthat the labor supplyis fixed. Second,labor in both countriesmoved out

of themanufacturingsectorsandinto services.Someof thesechangesmustbedueeitherto factoraccu-

mulationor to technologicalchange.Considerthe caseof Agriculture (1): U.S. employmentfell by 2.9

percentfrom 1988to 1992,while outputrose4.33percent.Theseissuesareaddressedby adjustingfor

macroeconomicshocksin theCGEexperimentsdiscussedin Section5 below.

As in the caseof sectoralemployment, the resultsfor changesin sectoralgrossoutput(summaryin

Table5, detail in Tables10 and11) indicatevery smallchangesin sectoraloutputfor bothcountries,with

low measured
� �

. While Canada’s � statisticis positive, theU.S.coefficient is negative.
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As with sectoralemployment,theCGEmodelresultsfail to capturetheobserved changesin sectoral

output. Theobservedchangeover the four-yearperiodis anorderof magnitudelarger thantheresultsof

themodel.RealU.S.GDPgrew by 5.8percentfrom 1988to 1992,while grossoutputroseby 2.5percent.

Canada’s economicperformancewaslessrobust,exhibiting a slight risein realGDPof 0.8percentanda

declinein grossoutputof 2.6percentover theperiod.

4.3 Partial Tariff Removal

Theresultsof theoriginal tariff removal experiment,listedin Column(1) of Table5, indicatethattheCGE

modelresultsshow greaterchangesin tradeflows thanareactuallyobserved, but greatlyunderestimates

themagnitudeof changesin sectoralemploymentandoutput.Theoverestimationof thetradeimpactmay

bedueto thefactthatthecomputationalexperimentis a completeremoval of bilateraltariffs, whereasthe

treatycalledfor thegradualremoval of tariffs. Following theactualagreement,accordingto Morici (1989),

Tariffs will beeliminatedin threegroups—immediately(January1989),five-yearstaging,and
ten-yearstaging. Import-sensitive sectorsweregenerallyaccordedten-yearstagingto con-
cludeby January1998;theseincludemostagriculturalandfishproducts,mostwoodproducts,
textiles andapparel,footwear, steel,lead,zinc, rail cars,tyres,consumerappliances,andpre-
cisioninstruments.(p. 52)

Tariffs falling underten-yearstagingcorrespondto the following sectorsin theB&S MichiganModel: a

portionof Agriculture,Forestry, andFishing(1); WoodProducts(331); Textiles (321); WearingApparel

(322); Footwear(324); andportionsof Iron andSteel(371); NonferrousMetals(372); RubberProducts

(355); ElectricalMachinery(383); andMiscellaneousManufacturing(38A). Our first adjustmentto the

model is thereforeto take into accountthe fact that sometariff reductionswill have beenonly partially

implementedby thelastyearof dataavailable,1992.

Since1992representsthe fourth yearafter the implementationof the accord,the secondexperiment

consistsof reducingcertainof the sectoraltariffs by only 40 percent,assuminga straight-linephase-in

of the tariff reductions.Only thosesectorscitedby Morici (1989)which correspondcloselyto complete

MichiganModelsectorsaremadesubjectto thereducedshock.Thesectorschoseninclude:Textiles(321),

WearingApparel(322),Footwear(324),WoodProducts(331),andIron andSteel(371). All othertraded

sectorsremainsubjectto completeremoval of tariffs. Thegoodnessof fit measuresfor this simulationare

listedin Column(2) of Table5.
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Thepartialtariff removal experimentyieldsmixedresultsfor sectoraltradeflows. The � and
���

statis-

tics improve modestlyfor Canada,andthe estimated� ! risesto 0.790,closerto the desiredvalueof 1.

TheU.S.resultsaremixed. While � ! hasrisenfrom 0.375to 0.417,both � and
� �

have worsened.When

consideringonly thesectorssubjectto partialtariff removal, theresultsarealsoambiguous.Thesimulation

resultsimprove in threeof thesix sectorsin boththeUnitedStatesandCanada.For example,in thecaseof

U.S. importsfrom Canada,thepartial tariff reductionscenariodoesattenuatethelargestchangesin trade.

This reducestheextremeresultsin WearingApparel(322),Footwear(324),andIron andSteel(371)(see

Table6). However, the simulationresultsfor Agriculture(1) andTextiles (321),which werealreadytoo

smallin thefull tariff removal case,aremadelower still.

Column(2) in Table5 alsoshows thechangesin employmentunderthepartialtariff removal scenario.

Sincethechangesin employmentwith full tariff removal werealreadytoolow, oneshouldexpectthepartial

tariff removal caseto besmalleryet. The
� �

and � statisticsshow little changecomparedto theresultsin

Column(1). Thesimulatedchangesin outputresemblethosefor employment:thepartialtariff experiment

resultsin evensmallersimulatedchangesin outputacrosssectors.

5 Adjusting for MacroeconomicShocks

As KehoeandKehoe(1994)suggest,themodelshouldbeadjustedfor exogenousshocksthatoccurredin

1989andafter. Theoriginal counterfactualexperimentin Brown andStern(1989)assumedno changein

thesevariables.Thenext threeexperimentsaddressthisconcern.

Themodelassumesthattotal capitalandlaborin eachcountryarefixed;thereis no endogenousfactor

accumulation.In orderto takeintoaccountthechangesin totalemploymentandcapitalstock,anexogenous

shockis appliedto themodelto mirror theobservedchangein capitalstockandwork forcebetween1988

and1992.Theshocksappliedarelistedin Table4. Theobservedchangein sectoralandtotal capitalstock

for theUnitedStatesandCanadaaredrawn from OECD(1997a).Thegrowth in U.S.capitalstockis based

on chainedquantityindices,while the Canadianfiguresarebasedon a constantprice measureof capital

stock.Thegrowth in thetotal capitalstockof theOther32 countriesis drawn from datacollectedby The

World Bank(1997).7

7The figuresfor total capitalstock for the Other32 countriesfor 1988and1992arederived by taking the reportedGross
DomesticInvestmentin ConstantDollarsover theperiod1960-1992anddiscountingthestreamfollowing method3 setforth by
Leamer(1984,pp.220-34).This involvesusingaslongaseriesof investmentflowsaspossibleandthendepreciatingby 13.3per
centperyear. Becauseof thecomplicationsof Germany’s reunificationin 1991,thatcountrywasdroppedfrom thecalculationof
percentagechangeof capitalstock.
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The datafor thechangein laborsupplyin theUnitedStatesandCanadaarederived from theOECD

STAN database.Thechangein laborsupplyfor Other32 wasderivedprincipally from statisticscollected

by theILO (InternationalLabourOffice,1997).Datafor Mexico andLuxembourg weredrawn from OECD

(1997b).Labor forcefor India wasestimatedfrom World Bank(1998),while that for Taiwanwasdrawn

from Taiwan’s 1998StatisticalYearbook(Republicof China,Directorate-Generalof Budgeting,Account-

ing andStatistics,1998).Total laborsupplyis shockedto matchtheobservedchangein total employment

from 1988to 1992.

Additionally, themodelassumesthatthebalanceof tradefor eachcountryremainsunchanged.In order

to take into accountthe observed changein the balanceof trade,the observed tradeflows for 1988and

1992areusedto calculatethechangein thebalanceof trade.Thebalancesof tradefor theUnitedStates,

CanadaandOther32arethenshockedby theamountslistedin Table4. Notethatthetradebalancefor Rest

of World is not shocked becauseit is uniquelyidentifiedby theotherthreeshocks.The implied balance

of tradefor theRestof World is a deficit of $148,329million for 1988,growing to a deficit of $190,394

million for 1992,andthusimplying a28.4percentrisein theRestof World balanceof trade.

5.1 Experiment with Macro ShocksOnly

As a first step,I presenttheresultsof theexperimentwhereonly themacroshocks(listed in Table4) are

appliedto themodel.Thesummaryresultsof thisexperimentaregivenin Column(3) of Table5.

I first considertheperformanceof macroshocksin thecontext of tradeflows. Themacroshocksim-

ulationdoesnot seemto capturechangesin tradeflows. The
���

for U.S. importsis 0.003,while that for

Canadais 0.018.Bothgoodnessof fit regressionsyield anegative � ! .

Oncewe turn to sectoralemployment,however, it appearsthat themacroshocksexplain a substantial

portionof theobservedchanges.In theU.S.case,Column(3) of Table5 shows a correlationof 0.556and
���

of 0.352.The � ! coefficient is 1.346,muchcloserto thedesiredvalueof 1. Theresultsfor Canadaare

similar. Thevaluefor � is 0.516,and
���

is 0.264.Again,thevaluefor � ! is amorereasonable1.947.This

impliesthatthemodelis still under-estimatingthemagnitudeof changein employmentby 49percent.

Themacroshocksalsoproveeffectiveatsimulatingthechangein sectoraloutput.Table5 indicatesthat

thecorrelationwith observedvaluesis substantial,andthegoodnessof fit regressionlikewisedemonstrates

a positive relationship.The reported
���

for the United Statesis 0.346,while that for Canadiansectoral

outputis 0.198.
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The simulationof macroshocksindicatesthat exogenouschangesin capitalstock,labor supply, and

balanceof tradeclearly have an impacton the sectoralcompositionof employmentandoutput. At the

sametime, theseshocksdo not exhibit a strongrelationshipto observed changesin sectoraltradeflows.

The next naturalexperimentto consideris the combinationof a macroshockadjustmentcombinedwith

tariff removal.

5.2 Combining Macro Shocksand Tariff Removal

Column(4) in Table5 shows the resultsof thecombinedexperimentof full tariff removal andshocksto

capital,labor, andbalanceof trade.Theresultsfor tradeimprove slightly for theUnitedStatescompared

to thosefrom thefull removal of tariffs only (Column(1)). However, thosefor Canadaworsenmodestly.

Thesectoralemploymentresultsalsodiffer for thetwo countries.While combiningmacroshockswith full

tariff removal hadlittle effect on the
� �

for U.S. sectoralemployment, the resultsfor Canadaimproved

from 0.264for themacroshockonly to 0.347for thecombinationof macroandtariff adjustments.Results

for sectoraloutput follow thosefor sectoralemployment; the U.S. resultsarevirtually unchangedfrom

Column(3) to Column(4). However, theresultsfor Canadaimproveslightly from an
���

of 0.198to 0.213.

Thecombinationof thefull tariff removal experimentwith thecapital,laborandbalanceof tradeshocks

yieldsoverallbetterresultsacrosstherangeof variablesconsidered.Whilemodelperformancein individual

variablesmightbebetterin eitherthetariff-only or themacro-shock-onlyexperiments,thecombinationof

thetwo setsof shocksresultsin asimulationthatbetterdescribesall of thevariablesunderconsideration.

Next I briefly considerthe resultsof the combinationof macroshockswith the partial tariff removal

scenariooutlinedabove. Column(5) in Table5 lists theseresults.Theperformanceof themodelis similar

to thatobservedin Simulation4, macroshockswith full tariff removal. In thecaseof theUnitedStates,the

only significantdifferenceis thatthesimulationresultsfor importsfrom Canadaimprove. The � increases

from 0.452in the previous simulationto 0.475,while � ! risesfrom 0.458to 0.543,reducingtheoveres-

timationof tradeflows from 121 per centto 81 per cent. The
���

measurealsoimproves,from 0.346to

0.359.Theresultsfor employmentandoutputareessentiallyunchanged.

The experimentshows similar improvementin tradesimulationfor Canada,with � improving from

0.745to 0.762,� ! rising from 0.660to 0.755,and
���

increasingfrom 0.729to 0.746.However, unlike the

resultsfor theUnitedStates,employmentandoutputmeasuresfor Canadahaveworsenedslightly. The
���

for employmentfell from 0.347to 0.333,while thatfor outputdeclinedfrom 0.213to 0.208.
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5.3 Macro ShockSummary

Adding capitalstock,laborsupply, andbalanceof tradeshocksto themodelclearly improvestheoverall

performanceof thesimulation. While theability of the modelto capturechangesin tradeflows remains

relatively unaffected, the performanceof the model in simulatingsectoralchangesin employment and

output is dramaticallyimproved by the inclusionof macroshocks. This resultprovidessupportfor the

view thattariff changeshave a relatively smalleffecton thecompositionof outputandemployment.Other

phenomena,suchasfactoraccumulation,appearto playamuchlargerrole in this regard.

Additionally, theperformanceof themacroshockexperimentslendscredibility to thegeneralequilib-

rium modelthatB&S used.Givenashockto total factorendowments,themodelperformsreasonablywell

atallotting thoseadditionalfactorsacrosssectors.

6 Alternative Mark et Specification

Morerecentwork usingtheMichiganModeldiffersfrom theoriginalB&S specificationin anotheraspect:

currentmodelimplementationsconsiderall monopolisticallycompetitivesectorsto besubjectto freeentry.

As an alternative exercise,all the experimentsperformedabove wererepeatedunderthe assumptionof

freeentry in all monopolisticallycompetitive sectors.Thedetailedresultsarenot presentedhere,but are

available from the authoron request. The resultsfor tradeshow that comparedto the original market

specificationin Table5, theperformanceof themodelwith freeentry in simulatingtradeflows is almost

uniformly betteracrossall measurementparameters.Theresultsfor
���

aresuperiorin 9 out of 10 cases,

andoftenby a wide margin. Thecorrelationmeasure� is betterin 7 out of 10 cases,while theresultsfor

� ! arecloserto 1 in 9 outof 10simulations.

The performancewith respectto sectoralemployment is lessclear cut. While the model worsens

slightly for the United States,the resultsfor Canadaaremixed. While � and
� �

improve for the macro

shocksimulations,the correspondingestimated� ! is further from 1. The resultsfor sectoraloutputare

alsoambiguous.The � and
���

statisticsarebetterin simulations(4) and(5), but � ! hasworsened.In the

Canadianestimates,� and � ! have improved,though
���

hasfallenslightly.

Theseresultssuggestthat the move away from monopolisticcompetitionwith no entry asa market

structureis areasonableone,at leastin thecaseof thispolicy experiment.Theseresultscouldof coursebe
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drivenby ourconsiderationof a longeradjustmentperiod;noentrycouldstill beavalid assumptionin this

modelwith a timehorizonshorterthanthefour yearsconsideredhere.

7 Conclusion

The aim of this paperhasbeento test the B&S modelcalculationsof changesin trade,outputandem-

ploymentasa resultof the Canada-U.S.FreeTradeAgreement.All told, the B&S model,even without

adjustments,doesa reasonablejob of capturingchangesin tradeflows. It performsespeciallywell in sim-

ulatingCanada’s traderesponseto the tariff reductions.The resultsfor U.S. importsarelesspersuasive,

but themodeldoesseemto capturesomeof thepatternof change.SinceU.S.-Canadatraderepresentsa

muchgreaterforcein Canadaascomparedto theUnitedStates,weshouldexpectto seetheimpactof trade

liberalizationontheCanadianeconomymuchmoreclearly, asindeedis thecase.Changingtheexperiment

from full tariff removal to partialtariff removal hasamodestlypositive effecton themodel’s performance.

While the basicmodelyields far smallerchangesin outputandemployment thanthoseactuallyob-

served,this doesnot necessarilymeanthatthemodelis deficient.Rather, sincethe introductionof macro

shocksin themodelframework dramaticallyimprovesperformance,we canconcludethattheinfluenceof

tariff reductionsaloneonsectoraloutputandemploymentaresmallin magnitude.Factoraccumulationand

thebusinesscycle appearto have a muchmoreprofoundeffect on sectoralchangesin outputandemploy-

mentthando tariff reductions.Theability of themodelto accountfor changesin thesectoraldistribution

of capitalandlabor in responseto factoraccumulationstrengthensour confidencein the structureof the

model.

Througha seriesof adjustmentsto theoriginal model,I find thattheMichiganModel performedquite

well at simulatingtheactualchangesin sectoraltradethatoccurredin thefour yearsfollowing the imple-

mentationof theCanada-U.S.FreeTradeAgreement.Performanceof themodelwith respectto outputand

employment,while substantial,is lesspersuasive. Thestrengthof themodellies in capturingchangesin

tradecomposition.In somesense,it performswell at simulatingchangesin employmentandoutput,given

the assumptionsof the experiment. The modelsaysthat little changein employmentandoutputcanbe

directly attributedto tariff reductions.Althoughsuchsmallchangesarenot consistentwith thoseactually

observed, the observed changesin sectoraloutputandemploymentcanbe partially explainedusing the

modelstructureto applyshocksto capitalstockandlaborsupply.

In conclusion,this papersuggeststhat the B&S model representsa useful framework for analyzing

17



changesin tradepolicy. It alsosuggeststhat factorssuchascapitalaccumulationandlabor supplyplay

a profoundrole in determiningthe sectoralcompositionof output and employment. The utility of the

model for predictive purposes,then, dependson the quality of the counterfactual. For example,if the

questionwereto predictsectoralemploymentandoutputseveralyearsaftertheimplementationof theFree

TradeAgreementratherthanto predictthechangesdue only to theFreeTradeAgreement,thenthecorrect

experimentto runshouldprobablyhave includedsomesortof projectionof thechangesin laborsupplyand

capitalstock.However, for thepurposesof analyzingtheeffectsof thetariff reductionsaloneonoutputand

employment,theanalysisheresuggeststhattheB&S modelframework is correctin implying that little of

theactualchangesin thesectoralcompositionof outputandemploymentareattributableto theFreeTrade

Agreement.
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Table1: IndustryStructureof Brown/SternMichiganModel

ISIC Sector Competition Entry

Traded Sectors
1 Agriculture,forestry, andfishing Perfect Free
310 Food,beverages,andtobacco Monopolistic Free
321 Textiles Monopolistic None
322 Wearingapparel Monopolistic Free
323 Leatherproducts Perfect Free
324 Footwear Monopolistic Free
331 Woodproducts Perfect Free
332 Furnitureandfixtures Monopolistic Free
341 Paperandpaperproducts Monopolistic Free
342 Printingandpublishing Monopolistic Free
35A Chemicals Monopolistic None
35B Petroleumandrelatedproducts* Monopolistic None
355 Rubberproducts* Monopolistic None
36A Nonmetallicmineralproducts Monopolistic Free
362 Glassandglassproducts Monopolistic None
371 Iron andsteel* Monopolistic Free
372 Nonferrousmetals Monopolistic Free
381 Metalproducts Monopolistic Free
382 Nonelectricalmachinery Monopolistic Free
383 Electricalmachinery Monopolistic Free
384 Transportequipment Monopolistic None
38A MiscellaneousManufacturing Monopolistic Free

Nontraded Sectors
2 Mining andquarrying* Monopolistic None
4 Electricity, gas,andwater* Monopolistic None
5 Construction Perfect Free
6 Wholesaleandretail trade Monopolistic Free
7 Transportation,storage,andcomm. Monopolistic Free
8 Finance,insurance,andrealestate Monopolistic None
9 Commercial,social,andpersonalservices Perfect Free

*Modeledaccordingto MarketSegmentationin B&S.

Table2: SimulationsRunusingtheCGEModel

Simulation Description

1 OriginalB&S Full Tariff Removal
2 PartialRemoval of Tariffs
3 Shocksto CapitalStock,LaborSupply,

andBalanceof Trade
4 Combinationof Simulations1 and3
5 Combinationof Simulations2 and3
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Table3: Pre-AgreementBilateralTariffs

Sector Canada U.S.
1 Agriculture,forestry, andfishing 2.2 1.6
310 Food,beverages,andtobacco 5.4 3.8
321 Textiles 16.9 7.2
322 Wearingapparel 23.7 18.4
323 Leatherproducts 4.0 2.5
324 Footwear 21.5 9.0
331 Woodproducts 2.5 0.2
332 Furnitureandfixtures 14.3 4.6
341 Paperandpaperproducts 6.6 0.0
342 Printingandpublishing 1.1 0.3
35A Chemicals 7.9 0.6
35B Petroleumandrelatedproducts 0.5 0.4
355 Rubberproducts 8.9 8.4
36A Nonmetallicmineralproducts 4.4 0.3
362 Glassandglassproducts 7.7 6.9
371 Iron andsteel 7.4 4.4
372 Nonferrousmetals 3.3 0.5
381 Metalproducts 8.6 4.0
382 Nonelectricalmachinery 4.6 2.2
383 Electricalmachinery 7.5 4.5
384 Transportequipment 0.0 0.0
38A MiscellaneousManufacturing 5.0 0.9
Source: Adaptedfrom Magunetal. (1987),

pp. 25and141-53.

Table4: MacroeconomicShocksApplied to theModel

Variable 1988 1992 Pct.Change
CapitalStock

UnitedStates(ChainedQuantityIndex) 92.77 100.00 7.79
Canada(Millions of 1986CanadianDollars) 754,521 852,924 13.04
Other32* (Millions of 1995U.S.Dollars) 13,956,782 16,517,004 18.34

LaborSupply(Thousandsof Workers)
UnitedStates 109,431 111,992 2.34
Canada 12,544 12,632 0.70
Other32 698,752 753,604 7.85

Balanceof Trade(Millions of 1988U.S.Dollars)
UnitedStates -88,782 -14,139 -84.10
Canada 8,891 1,290 -85.60
Other32 228,220 203,783 -10.70

*ExcludesGermany
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Table5: Summaryof Goodnessof Fit Measures

Simulation
(0) (1) (2) (3) (4) (5)

Full Partial K,L,BT K,L,BT K,L,BT
Variable OLS Tariff Tariff Shock + Full + Partial

United States

Pct.Changein Importsfrom Canada
Weighted) 0.138 0.265 0.251 0.246 0.452 0.475*,+

0.447 0.374 0.417 -0.051 0.458 0.543
s.e. (0.148) (0.123) (0.139) (0.204) (0.137) (0.159)-�.

0.301 0.305 0.300 0.003 0.346 0.359
Pct.Changein SectoralEmployment

Weighted) -0.265 -0.159 0.556 0.551 0.552* +
-53.209 -39.685 1.346 1.339 1.340

s.e. (38.084) (51.328) (0.345) (0.346) (0.346)-�.
0.065 0.021 0.352 0.348 0.349

Pct.Changein SectoralOutput
Weighted) -0.059 -0.093 0.545 0.540 0.540* +

-7.679 -11.465 1.647 1.632 1.631
s.e. (16.404) (17.802) (0.428) (0.429) (0.429)-�.

0.008 0.015 0.346 0.341 0.341

Canada

Pct.Changein Importsfrom theUnitedStates
Weighted) -0.543 0.816 0.836 -0.625 0.745 0.762*,+

0.161 0.687 0.790 -0.481 0.660 0.755
s.e. (0.471) (0.079) (0.083) (0.778) (0.088) (0.096)-�.

0.006 0.785 0.810 0.018 0.729 0.746
Pct.Changein SectoralEmployment

Weighted) 0.285 0.275 0.516 0.594 0.582* +
3.198 3.795 1.947 2.154 2.142

s.e. (2.041) (2.516) (0.614) (0.559) (0.573)-�.
0.081 0.075 0.264 0.347 0.333

Pct.Changein SectoralOutput
Weighted) 0.183 0.164 0.535 0.591 0.584* +

1.289 1.186 2.076 1.998 2.008
s.e. (2.043) (2.297) (0.789) (0.727) (0.741)-�.

0.014 0.009 0.198 0.213 0.208

Weighted) above is theweightedcorrelationbetweenthevectorof observedsectoralchangesandthevectorof
simulatedsectoralchangesweightedby theobservedlevel of thevariablein thebaseyear.

Themeasures
* +

, standarderrorof
* +

, and
-�.

comefrom theestimationof theequation/�0�1 230"4 * +65/�071 230�89 0�1 230 . SeeSection4.1for a full description.
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Table6: CalculatedandObservedChangesin U.S.Importsfrom Canada

(PercentageChangein RealImports)

Simulation Observed
(0) (1) (2) (3) (4) (5)

Full Partial K,L,BT K,L,BT K,L,BT 1988-92 1988Base
ISIC SectorDescription OLS Tariff Tariff Shock + Full + Partial % Chg. ($Million)
1 Agr., for., & fish.* 21.4 17.6 3.9 26.6 44.2 30.5 70.1 1,439.8
310 Food,bev., & tob. 35.1 50.1 50.2 10.5 60.6 60.7 38.5 2,812.9
321 Textiles* 35.1 48.9 13.6 -18.6 30.3 -5.0 69.1 383.0
322 Wearingapparel* 44.2 225.3 86.7 -5.3 220.0 81.4 44.2 337.4
323 Leatherproducts 25.8 31.8 32.3 -8.2 23.6 24.1 -1.4 43.2
324 Footwear* 24.3 120.1 46.6 -2.1 118.0 44.5 27.7 52.2
331 Woodproducts* 40.5 -0.3 -2.1 -1.5 -1.7 -3.6 20.6 4,079.5
332 Furniture& fixt. 38.3 60.5 60.8 -5.2 55.4 55.6 49.9 974.4
341 Paper& paperprod. 11.1 -4.4 -4.1 7.5 3.1 3.3 -6.4 8,942.3
342 Printing& pub. 50.2 -1.2 -0.7 -1.6 -2.8 -2.3 -13.4 478.8
35A Chemicals 11.6 -31.8 -30.8 12.8 -19.0 -18.0 27.1 4,247.5
35B Petrol.& rel. prod. 5.7 -1.5 -0.9 42.0 40.5 41.2 19.1 1,502.9
355 Rubberproducts 86.9 76.0 77.2 -17.0 59.0 60.2 138.9 479.0
36A Nonmetal.min. prod. 32.4 -0.6 -0.1 12.2 11.7 12.1 -8.5 555.4
362 Glass& glassprod. -17.0 60.1 61.4 14.6 74.8 76.0 1.3 284.4
371 Iron & steel* 14.5 56.8 19.9 30.2 87.0 50.2 10.3 1,972.9
372 Nonferrousmetals 9.7 7.6 6.3 0.9 8.6 7.2 15.3 4,874.6
381 Metalproducts 21.3 55.1 54.7 3.1 58.2 57.8 -8.8 1,604.6
382 Nonelec.machinery 13.3 30.0 30.2 2.8 32.8 33.0 -5.7 6,380.2
383 Elec.machinery 26.0 64.7 64.9 10.6 75.3 75.5 63.6 5,087.4
384 Transportequip. 45.8 41.7 39.8 -44.7 -3.0 -4.9 8.0 29,663.4
38A Misc. Manufact. 19.0 10.5 10.8 -9.0 1.5 1.8 44.7 1,842.4

Weighted: 0.138 0.265 0.251 0.246 0.452 0.475
Estimationof ;=<?> @A<6BDC6E�F;=<�> @A<HGJI�<?> @A<C E 0.447 0.374 0.417 -0.051 0.458 0.543

StandardError (0.148) (0.123) (0.139) (0.204) (0.137) (0.159)K3L
0.301 0.305 0.300 0.003 0.346 0.359

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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Table7: CalculatedandObservedChangesin Canada’s Importsfrom theUnitedStates

(PercentageChangein RealImports)

Simulation Observed
(0) (1) (2) (3) (4) (5)

Full Partial K,L,BT K,L,BT K,L,BT 1988-92 1988Base
ISIC SectorDescription OLS Tariff Tariff Shock + Full + Partial % Chg. ($Million)
1 Agr., for., & fish.* -14.9 35.1 16.8 -26.8 8.2 -10.1 65.7 1,703.7
310 Food,bev., & tob. -5.7 77.8 77.7 -7.1 70.7 70.7 101.0 1,533.0
321 Textiles* -3.0 225.2 94.4 15.7 240.9 110.1 61.4 946.9
322 Wearingapparel* -16.5 286.4 117.7 16.5 303.0 134.2 182.4 122.7
323 Leatherproducts 9.8 50.7 50.5 11.1 61.8 61.5 -13.6 99.2
324 Footwear* 21.7 260.0 104.8 16.8 276.8 121.6 110.7 42.1
331 Woodproducts* 3.0 35.7 16.1 6.9 42.7 23.0 53.9 689.9
332 Furniture& fixt. -5.9 167.3 167.0 14.3 181.6 181.3 148.7 629.2
341 Paper& paperprod. 8.2 89.8 89.5 -9.4 80.4 80.0 60.5 1,228.7
342 Printing& pub. 4.2 21.3 20.8 7.5 28.9 28.3 77.6 949.4
35A Chemicals 9.3 123.1 122.4 -9.5 113.6 112.8 72.7 4,023.4
35B Petrol.& rel. prod. 64.5 14.3 13.7 -38.0 -23.7 -24.3 15.0 526.1
355 Rubberproducts 4.6 117.2 116.4 13.6 130.8 130.0 44.9 763.4
36A Nonmetal.min. prod. 15.5 65.2 64.7 -7.4 57.8 57.3 2.1 447.1
362 Glass& glassprod. 8.4 98.5 97.8 -6.9 91.7 90.9 84.5 423.2
371 Iron & steel* -29.6 98.0 41.9 -28.1 69.9 13.8 86.1 809.0
372 Nonferrousmetals -14.0 37.1 38.8 -1.1 36.0 37.7 7.2 1,901.1
381 Metalproducts -0.3 109.6 110.1 2.5 112.1 112.6 80.1 1,518.2
382 Nonelec.machinery -4.0 41.3 41.1 5.2 46.4 46.3 18.2 10,317.5
383 Elec.machinery 23.5 60.5 60.5 2.0 62.5 62.5 64.1 9,599.7
384 Transportequip. 34.2 -15.8 -15.1 19.6 3.8 4.5 -11.7 21,553.8
38A Misc. Manufact. 6.2 48.8 48.6 8.9 57.6 57.5 73.6 3,721.5

Weighted: -0.543 0.816 0.836 -0.625 0.745 0.762
Estimationof ;=<?> @A<MBDC6E�F;=<?> @A<�GNI�<?> @A<C E 0.161 0.687 0.790 -0.481 0.660 0.755

StandardError 0.471 0.079 0.083 0.778 0.088 0.096KOL
0.006 0.785 0.810 0.018 0.729 0.746

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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Table8: CalculatedandObservedChangesin U.S.SectoralEmployment

(PercentageChangein SectoralEmployment)

Simulation Observed
(1) (2) (3) (4) (5)

Full Partial K,L,BT K,L,BT K,L,BT 1988-92 1988Base
ISIC SectorDescription Tariff Tariff Shock + Full + Partial % Chg. (Workers)
1 Agr., for., & fish.* 0.04 -0.02 -1.51 -1.47 -1.53 -2.90 3,103,000
310 Food,bev., & tob. 0.00 0.00 -2.93 -2.94 -2.94 0.61 1,650,000
321 Textiles* 0.00 0.00 -1.60 -1.61 -1.61 -4.75 906,146
322 Wearingapparel* 0.00 0.00 -1.21 -1.21 -1.21 -10.83 905,108
323 Leatherproducts 0.55 0.55 9.21 9.76 9.76 -7.94 51,898
324 Footwear* -0.01 -0.01 -0.89 -0.90 -0.90 -29.29 77,848
331 Woodproducts* 0.38 0.28 4.93 5.31 5.22 -8.86 824,000
332 Furniture& fixt. 0.00 0.00 -1.45 -1.45 -1.45 -8.66 531,000
341 Paper& paperprod. 0.00 0.00 -2.18 -2.19 -2.19 0.44 678,000
342 Printing& pub. 0.00 0.00 -1.86 -1.86 -1.86 -3.38 1,540,000
35A Chemicals 0.00 0.00 -2.48 -2.48 -2.48 -0.29 968,074
35B Petrol.& rel. prod. 0.00 0.00 -2.81 -2.81 -2.81 -2.10 128,853
355 Rubberproducts 0.00 0.00 -2.02 -2.02 -2.02 -3.98 233,055
36A Nonmetal.min. prod. 0.00 0.00 -2.39 -2.39 -2.39 -11.04 428,332
362 Glass& glassprod. 0.00 0.00 -1.69 -1.69 -1.69 -7.87 148,668
371 Iron & steel* 0.00 0.00 -1.15 -1.15 -1.15 -12.06 482,647
372 Nonferrousmetals 0.00 0.00 -1.97 -1.97 -1.97 -8.45 281,353
381 Metalproducts 0.00 0.00 -1.91 -1.91 -1.91 -7.10 1,423,000
382 Nonelec.machinery -0.01 0.00 -1.75 -1.76 -1.76 -8.33 2,112,000
383 Elec.machinery -0.01 -0.01 -1.19 -1.19 -1.19 -13.61 1,756,000
384 Transportequip. -0.01 0.00 -1.30 -1.30 -1.30 -9.79 2,032,000
38A Misc. Manufact. -0.01 -0.01 -3.97 -3.98 -3.98 -3.45 2,183,019
2 Mining & quarrying 0.00 0.00 -2.81 -2.81 -2.81 -11.96 736,000
4 Electricity, gas,& water 0.00 0.00 0.84 0.84 0.84 3.26 919,000
5 Construction 0.01 0.01 4.75 4.76 4.76 -8.96 6,453,000
6 Wholesale& retail trade 0.00 0.00 3.10 3.10 3.10 -0.20 25,436,000
7 Transport.,storage,& comm. 0.00 0.00 2.42 2.41 2.41 1.41 4,693,000
8 Finance,ins.,& realestate -0.01 -0.01 2.01 2.00 2.00 6.37 15,831,000
9 Comm.,soc.,& pers.svcs. -0.01 0.00 4.34 4.33 4.33 10.73 32,919,000
Weighted: -0.265 -0.159 0.556 0.551 0.552
Estimationof ; < > @ < BPC E F; < > @ < GJI < > @ <C6E -53.209 -39.685 1.346 1.339 1.340

StandardError 38.084 51.328 0.345 0.346 0.346K L
0.065 0.021 0.352 0.348 0.349

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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Table9: CalculatedandObservedChangesin CanadianSectoralEmployment

(PercentageChangein SectoralEmployment)

Simulation Observed
(1) (2) (3) (4) (5)

Full Partial K,L,BT K,L,BT K,L,BT 1988-92 1988Base
ISIC SectorDescription Tariff Tariff Shock + Full + Partial % Chg. (Workers)
1 Agr., for., & fish.* -2.63 -1.98 1.87 -0.76 -0.11 -4.57 569,000
310 Food,bev., & tob. 0.02 0.02 -4.10 -4.08 -4.08 -5.00 236,585
321 Textiles* -0.03 -0.01 -2.65 -2.69 -2.66 -24.27 67,484
322 Wearingapparel* 0.01 0.01 -2.31 -2.30 -2.30 -27.63 110,128
323 Leatherproducts -15.68 -15.18 -2.18 -17.86 -17.36 -35.15 5,830
324 Footwear* -0.04 -0.02 -1.48 -1.52 -1.50 -35.50 14,251
331 Woodproducts* -3.47 -2.81 4.30 0.83 1.48 -16.73 123,675
332 Furniture& fixt. 0.01 0.01 -2.43 -2.43 -2.42 -28.89 49,580
341 Paper& paperprod. 0.01 0.01 -3.95 -3.94 -3.94 -13.34 117,943
342 Printing& pub. 0.02 0.02 -3.40 -3.39 -3.39 -4.17 134,106
35A Chemicals -0.01 0.00 -4.16 -4.16 -4.16 -4.18 92,476
35B Petrol.& rel. prod. 0.01 0.01 -3.03 -3.03 -3.02 -16.47 16,097
355 Rubberproducts -0.22 -0.21 -2.52 -2.74 -2.73 -9.81 27,618
36A Nonmetal.min. prod. 0.02 0.02 -4.85 -4.83 -4.82 -21.40 44,246
362 Glass& glassprod. -0.21 -0.20 -3.88 -4.09 -4.08 -24.97 13,362
371 Iron & steel* 0.01 0.01 -2.13 -2.12 -2.13 -24.63 56,065
372 Nonferrousmetals 0.00 0.00 -2.15 -2.16 -2.16 -13.80 45,399
381 Metalproducts 0.01 0.02 -3.45 -3.44 -3.43 -21.10 164,947
382 Nonelec.machinery 0.01 0.01 -3.10 -3.09 -3.09 -16.01 131,357
383 Elec.machinery -0.01 -0.01 -4.05 -4.06 -4.06 -16.12 132,775
384 Transportequip. 0.05 0.05 -2.99 -2.93 -2.93 -8.71 232,613
38A Misc. Manufact. 0.00 0.01 -3.27 -3.27 -3.27 -8.16 123,924
2 Mining & quarrying 0.03 0.04 -7.26 -7.23 -7.22 -14.29 189,000
4 Electricity, gas,& water 0.05 0.04 -1.47 -1.42 -1.43 16.53 121,000
5 Construction 0.45 0.38 2.34 2.80 2.73 -6.27 765,000
6 Wholesale& retail trade 0.19 0.15 1.96 2.15 2.10 1.55 3,026,000
7 Transport.,storage,& comm. 0.10 0.09 1.59 1.69 1.67 -0.25 816,000
8 Finance,ins.,& realestate 0.19 0.15 -0.39 -0.20 -0.24 7.12 1,418,000
9 Comm.,soc.,& pers.svcs. 0.19 0.14 1.72 1.91 1.86 7.95 3,700,000
Weighted: 0.285 0.275 0.516 0.594 0.582
Estimationof ; < > @ < BPC E F; < > @ < GJI < > @ <CME 3.198 3.795 1.947 2.154 2.142

StandardError 2.041 2.516 0.614 0.559 0.573K L
0.081 0.075 0.264 0.347 0.333

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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Table10: CalculatedandObservedChangesin U.S.SectoralOutput

(PercentageChangein SectoralOutput)

Simulation Observed
(1) (2) (3) (4) (5)

Full Partial K,L,BT K,L,BT K,L,BT 1988-92 1988Base
ISIC SectorDescription Tariff Tariff Shock + Full + Partial % Chg. ($Million)
1 Agr., for., & fish.* 0.01 -0.04 -0.44 -0.43 -0.48 4.33 183,700
310 Food,bev., & tob. -0.03 -0.03 -3.70 -3.73 -3.73 2.79 368,934
321 Textiles* -0.32 -0.17 -2.91 -3.24 -3.08 -3.47 80,467
322 Wearingapparel* -0.10 -0.05 -2.78 -2.88 -2.83 -7.61 48,477
323 Leatherproducts 0.50 0.51 8.64 9.14 9.15 -5.88 4,808
324 Footwear* -0.05 -0.03 -2.80 -2.85 -2.83 -20.63 4,514
331 Woodproducts* 0.36 0.27 4.81 5.17 5.08 -0.69 73,460
332 Furniture& fixt. -0.08 -0.07 -2.91 -2.99 -2.98 -3.45 38,711
341 Paper& paperprod. -0.07 -0.06 -2.98 -3.04 -3.04 -6.33 121,848
342 Printing& pub. -0.02 -0.02 -2.86 -2.88 -2.88 -0.45 147,790
35A Chemicals -0.21 -0.21 -3.19 -3.40 -3.40 2.35 328,243
35B Petrol.& rel. prod. -0.02 -0.02 -4.12 -4.14 -4.14 -1.69 128,137
355 Rubberproducts -0.25 -0.23 -3.10 -3.34 -3.33 -4.94 23,599
36A Nonmetal.min. prod. -0.04 -0.04 -3.21 -3.25 -3.25 -16.30 46,243
362 Glass& glassprod. -0.14 -0.14 -2.66 -2.80 -2.80 -8.27 15,855
371 Iron & steel* -0.02 -0.02 -2.59 -2.61 -2.61 -19.72 84,512
372 Nonferrousmetals -0.06 -0.06 -3.09 -3.15 -3.15 -21.03 65,354
381 Metalproducts -0.06 -0.05 -2.68 -2.74 -2.73 -9.18 157,112
382 Nonelec.machinery -0.07 -0.06 -2.73 -2.80 -2.80 -8.09 236,476
383 Elec.machinery -0.08 -0.08 -2.67 -2.75 -2.75 0.71 180,583
384 Transportequip. 0.36 0.35 -3.10 -2.74 -2.75 -6.35 355,487
38A Misc. Manufact. -0.06 -0.06 -4.00 -4.06 -4.06 -0.77 150,181
2 Mining & quarrying -0.01 -0.01 -2.42 -2.43 -2.43 -11.11 142,700
4 Electricity, gas,& water -0.01 -0.01 1.21 1.20 1.20 -4.50 225,800
5 Construction -0.02 -0.01 3.70 3.68 3.69 -10.83 501,100
6 Wholesale& retail trade -0.01 -0.01 2.86 2.85 2.86 1.23 1,175,600
7 Transport.,storage,& comm. -0.01 -0.01 2.25 2.24 2.25 -0.34 506,662
8 Finance,ins.,& realestate -0.01 -0.01 2.36 2.35 2.35 8.13 1,334,109
9 Comm.,soc.,& pers.svcs. -0.01 -0.01 3.77 3.76 3.77 13.27 2,019,088
Weighted: -0.059 -0.093 0.545 0.540 0.540
Estimationof ; < > @ < BDC E F; < > @ < GNI < > @ <C6E -7.679 -11.465 1.647 1.632 1.631

StandardError 16.404 17.802 0.428 0.429 0.429K L
0.008 0.015 0.346 0.341 0.341

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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Table11: CalculatedandObservedChangesin CanadianSectoralOutput

(PercentageChangein SectoralOutput)

Simulation Observed
(1) (2) (3) (4) (5)

Full Partial K,L,BT K,L,BT K,L,BT 1988-92 1988Base
ISIC SectorDescription Tariff Tariff Shock + Full +Partial % Chg. ($Million)
1 Agr., for., & fish.* -2.29 -1.68 5.98 3.69 4.30 -11.71 28,430
310 Food,bev., & tob. 0.26 0.26 -4.42 -4.16 -4.16 -5.34 37,755
321 Textiles* 3.32 1.71 -1.57 1.75 0.15 -23.48 5,330
322 Wearingapparel* 0.18 0.34 -1.77 -1.59 -1.43 -23.72 5,677
323 Leatherproducts -15.43 -14.96 -1.88 -17.31 -16.84 -42.56 398
324 Footwear* 0.30 0.19 -1.46 -1.17 -1.28 -33.68 671
331 Woodproducts* -3.27 -2.60 4.66 1.40 2.06 -13.63 12,595
332 Furniture& fixt. 0.75 0.74 -1.90 -1.16 -1.16 -25.88 3,796
341 Paper& paperprod. 0.72 0.70 -3.56 -2.84 -2.86 -28.65 21,019
342 Printing& pub. 0.45 0.41 -2.48 -2.03 -2.07 -8.60 10,552
35A Chemicals 2.70 2.63 -3.96 -1.26 -1.33 -16.56 23,999
35B Petrol.& rel. prod. 0.50 0.46 -7.01 -6.51 -6.55 1.28 12,197
355 Rubberproducts 2.30 2.24 -1.83 0.47 0.41 5.04 2,358
36A Nonmetal.min. prod. 0.52 0.49 -3.97 -3.45 -3.48 -32.10 5,401
362 Glass& glassprod. 2.18 2.10 -3.58 -1.41 -1.49 -31.30 1,188
371 Iron & steel* 0.28 0.34 -5.19 -4.91 -4.84 -31.47 9,473
372 Nonferrousmetals 0.01 0.17 -2.98 -2.97 -2.81 -30.98 13,140
381 Metalproducts 0.34 0.39 -2.82 -2.48 -2.43 -32.99 12,249
382 Nonelec.machinery 1.03 1.02 -2.61 -1.58 -1.60 -17.54 14,965
383 Elec.machinery 1.21 1.20 -3.36 -2.15 -2.17 7.15 12,327
384 Transportequip. -2.90 -2.76 0.39 -2.50 -2.36 -10.48 44,052
38A Misc. Manufact. 1.58 1.54 -2.54 -0.96 -1.00 -20.04 4,774
2 Mining & quarrying 0.40 0.37 -3.80 -3.40 -3.43 -11.69 30,744
4 Electricity, gas,& water 0.55 0.50 1.26 1.81 1.76 14.58 16,669
5 Construction 0.67 0.58 4.35 5.02 4.93 -13.22 73,270
6 Wholesale& retail trade 0.66 0.58 3.66 4.32 4.24 -2.55 95,668
7 Transport.,storage,& comm. 0.51 0.46 3.45 3.96 3.91 3.60 47,298
8 Finance,ins.,& realestate 0.67 0.59 2.74 3.41 3.33 9.77 131,554
9 Comm.,soc.,& pers.svcs. 0.74 0.64 4.27 5.01 4.91 12.75 151,874
Weighted: 0.183 0.164 0.535 0.591 0.584
Estimationof ; < > @ < BPC E F; < > @ < GNI < > @ <CME 1.289 1.186 2.076 1.998 2.008

StandardError 2.043 2.297 0.789 0.727 0.741K L
0.014 0.009 0.198 0.213 0.208

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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