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Abstract

Although CGE modelshave beenusedextensiely to evaluatethe potentialimpactof economic
policy reforms few efforts have beenmadeto assestheempiricalaccurag of thesemodels.Following
Kehoeet al. (1994), this paperconsidershe performanceof Brown and Stern(1989),a CGE study
of the Canada-U.SFreeTradeAgreement.| find that the basicmodel performswell for changesn
tradeflows, but notfor changesn sectorabutputor employment. Adding appropriatanacroeconomic
shocksto the modelyields dramaticallybettersimulationresultsfor outputand employment, while
leaving tradeflows relatively unafected.

1 Intr oduction

Overtheyears countles$ourshave beenspentdevelopingandimplementingcomputablegenerakquilib-
rium (CGE) modelsfor exercisesn policy evaluation. However, little hasbeendoneto studythe success

of theseendesors. Indeed asPatrickand Timothy Kehoe(1994)note:

Althoughalargeamouniof enegy andresourcedasgoneinto constructingAGE! modelsand
usingthemto analyzepolicy change®ver the pasttwo decadesielatively little hasgoneinto

evaluatingthe performancef thesemodelsafter suchpolicy changes$ave actuallyoccurred.
To trusttheresultsof AGE modelsandevenjustify the effort putinto them,we would like to

know thatthey really explain and,to someextent, predictthe crucial changeshatoccurin an

economyasa resultof apolicy change(p. 13)

*1 amindebtedto the participantsof the University of Michigan's ResearctSeminarin InternationalEconomicsandto the
attendeesf the Annual Conferencesn Global EconomicAnalysisfor their helpful commentson earlierversionsof this paper |
would like to extendspecialthanksto RobertM. SternandAlan V. Deardorf for their guidancewith this project.

IAGE is theabbraiation for Applied GeneraEquilibriumandis synorymouswith ComputableGeneraEquilibrium (CGE).



Theauthorggoonto challengethermodelbuildersto review theircreationsModelersof theU.S.-Canada
FTA, suchasCoxandHarris(1985)andBrown andStern(1989),shouldreruntheir modelstakingexplicit
accountf how the externalshocksaffectedthe United StatesandCanadan 1989andafterward’ (p. 14)
Timothy Kehoe ClementePoloandFerranSanchq1994)backup thesewordswith deedsreassessinthe

succes®f theirmodelof Spains entryinto the EuropearCommunity(EC).

ThomasHertel (1999)finds suchexercisesn historicalsimulationgroundsfor optimismaboutthe future
of CGEmodeling.He declareghat“[t]his is thekind of researclthatis essentiaif ourwork s to establish

credibility with decision-maérs’

My paperaimsto addresghe challengdaid dovn by KehoeandKehoe:to testthe changesiueto the
U.S.-Canad&TA asmodeledby Brown andStern(1989)(notedin this paperasB&S) usinganadaptation
of the Michigan Model of World Productionand Trade. The paperfirst considerdwo policy experiments:
the original caseof full tariff removal, anda secondexperimentof partial tariff removal, reflectingtariff

levelsasof 1992.

In the post-agreemerygeriod,both the U.S. and Canadiareconomiesxperiencedsubstantiamacro-
economicshocks.As KehoeandKehoepointoutabove, it is necessaryo take “explicit account’of these

externalshocks.l thenproceedaccordinglyto adjustthemodelfor suchmacroeconomishocks.

As a last exercise,the Michigan Model's market structureis adjustedto matchthat currentlyin use
by the Michigan modelingteam? Eachof theseadjustmentgo the model resultsin somemeasureof
improvement,somemoredramaticthanothers.| concludethattheresultsof thefully adjustednodelare

considerablypetterthantheoriginal unadjustednodel.

A brief review of the structureof the MichiganModelfollows in Section2, alongwith a descriptionof
its specificimplementationio analyzeheU.S.-Canad&TA. Next, Section3 discussethedatasourcesised
to conductthe original simulationsandto completethe reassessmenthe computationaéxecutionof the
U.S.-Canadanodelis thenlaid outin Section4. Section4.1 considerghe performancef the modelwith
regardto changesn U.S.-Canadarade,employment, andoutput. In Section5, variousmacroeconomic
shocksreflectingunanticipatedluctuationsin the two economiesreappliedto the modelingframework.
Thesemacroshocksarethencombinedwith the policy shocksandthesimulationresultsarethencompared
to theactuallyobsered outcomesSection6 considerghe effectsof analternatve specificatiorof market

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

2Seefor example,Brown etal. (1996).



simulations.

2 Michigan Model

Thefollowing is a brief descriptionof the versionof the Michigan Model of World Productionrand Trade
asit is usedin this paper The purposeof the original modelingexercisewasto simulatethe effect of a
reciprocalremoval of all tariffs betweerthe United Statesand Canadaasa resultof the proposedCanada-
U.S. FreeTrade Agreement. The modelthereforeposedasthe counterictuala drop in tariffs from the
prevailing rateto zeroacrossall sectors.Otherexogenousvariablesof the model,suchaseachcountrys

total capitalstock,total laborsupply andbalanceof trade wereassumechotto change.

Theimplementatiorherediffers slightly from Brown andStern(1989). In the original papey anaddi-
tional market structure namelymarket segmentationwasusedto modelsomeof the sectors.| treatthose
sectorsasmonopolisticallycompetitie with no entry The dataon which the simulationsare basedalso
differ from the original paperfor two reasonsFirst, the completeoriginal datasetis no longeravailable.
Secondsincethegoalof this exerciseis to testthethemodelstructurethe datasetwasupdatedo provide
a snapshobf the economiesmmediatelybeforethe U.S.-Canad& TA cameinto effect. Therefore data

from 1988have beenusedwhenpossible.

2.1 Countries and Regions

Thefull versionof the MichiganModel, asdiscussedh Deardorf andStern(1986),has34 separateoun-
tries and a Restof World aggr@ate. In this versionof the model, the country coverageis substantially
simplified. The United StatesandCanadaremodeledndividually, while the other32 countriesof thefull
modelareaggregatedinto oneregion, Other323 As in thefull model,all othercountriesarecombinecdo

form a Restof World tradingbloc.

2.2 Sectoraland Mark et Structure

Themodelconsistof 29 sectors22 of which aretradable Eachsectoris modeledaccordingo oneof the

following competitive structures:;perfectcompetition,monopolisticcompetitionwith barriersto entry or

3The countriesaggreyatedinclude: Australia; Austria; Belgium-Luxemboug; Denmark;FederalRepublicof Germary; Fin-
land;Francejreland;ltaly; JapantheNetherlandsiNew ZealandNorway; SwedenSwitzerlandtheUnitedKingdom;Argentina;
Brazil; Chile; Colombia;Greece;HongKong; India; Israel; Mexico; Portugal;Singapore SouthKorea; Spain; Taiwan; Turkey;
andVenezuela.



monopolisticcompetitionwith no barriersto entry Tablel shavs the breakdavn of competitve structure

andmarlket entryby sector

The treatmenif mosttradablesectorsas monopolisticallycompetitve minimizesthe needto usethe
Armingtonassumptiorto explain consumerspreferencegor differentvarieties. Underthe monopolistic
competitionassumptioneachfirm’s productis assumedo beanimperfectsubstitutefor otherfirms’ prod-
ucts. Thus,consumersareassumedo buy a bundle of goods,including bothimportedanddomestically
producedvarieties. The Armington assumptiorappliesto thosesectorsclassifiedas perfectlycompetitve

andtraded namelyAgriculture (1), LeatherProductq323),andWood Productg331).

2.3 Expenditure

Consumerandproduceraisea two-stagemethodto allocateexpenditures.In the first stage consumers
maximizea Cobb-Douglaautility function. This determineghe consumptiorbudgetfor eachof the 29
goods. Producerglemandntermediaténputsof thesesamegoodsin fixed proportions.The demandof
producersaandconsumersirethenaddedo determingotal demandIn the secondstage total demandor
eachsectoris allottedacrossthe competingvarieties,or betweendomesticandimportedversionsin the
caseof perfectcompetition accordingo a CESfunction. As in B&S, theelasticityof substitutiorbetween

varietiesis setto 15 for all sectorandcountriest

2.4 Production

The productionfunctionis separatedhto two stages.In the first stagejntermediaténputsanda primary
compositeof capitalandlaborareusedin fixedproportions.In thesecondstage capitalandlaborarecom-
binedthrougha CESfunctionto form the primary composite.To determineprices,perfectlycompetitve
firms setpriceequalto maginal cost. Monopolisticallycompetitize firms maximizeprofitsby settingprice
to afixed markupover marginal cost. The monopolisticallycompetitve sectoraaremodeledfollowing the

techniquedevelopedin Dixit andStiglitz (1977).

Undermonopolisticcompetition,the numberof firms in eachindustryis assumedo satisfythe zero
profit conditionin thecaseof freeentry In thosesectorswith no entry theinitial equilibriumis parameter

izedto satisfythe zeroprofit condition.

4Accordingto Brown andStern(1989,p. 106,fn. 7), “Valuesof theelasticityof substitutiorbelav 15imply avaluefor fixed
capitals shareof total capitaloutsidetheinterval (0,1)”



2.5 Capital and Labor Mark ets

Capitalandlaborareassumedo be perfectlymobile betweersectorsput not betweercountries.Returns
to capitalareassumedo beflexible. A singlerateof returnto capitalis determinedor eachcountry Asin

theoriginalwork by B&S, wagesareassumedo befixedandequalacrosssectors.

2.6 World Mark et and Price Equalization

World markets determineequilibrium pricessuchthat all markets clear Total demandfor eachfirm or

sectors productmustequaltotal supplyof thatproduct.

Pricespaid by consumersr recevved by sellersarelinkedto world pricesthroughexchangeratesand
tariffs. The world priceis denominatedn the numerairecurreng, the U.S. dollar. The price paid by a
consumelis the world price translatednto the local curreng, plus the ad valoremtariff wedge,if ary.

Exchangeatesaresetsuchthatthe balanceof tradeis maintainedatits initial level.

2.7 Model Closure

In orderto achieve modelclosure,| mustchoosesereral variablesto be exogenous.The choicesarethe
sameasin B&S: balanceof tradefor CanadandOther32; capitalstockandlaborsupplyin all threemodel
countriestheU.S.exchangeate(theU.S. dollaris takento bethe numerairecurreng); andthewagerate
for all threecountries.Fixing thewagerate,asin B&S, allows usto usethelabormarket equationin place

of anexplicit nationalexpendituresquation.

Giventhe B&S choiceof closure,| have decidedto considerthe modelassimulatingthe economies’
behaior in the medium-run. The intersectoraimobility of capital and labor seemsto rule out a short-
run model, while thefixity of wageratesandtheinternationalimmobility of capitalrule out a long-run
perspectie. Sincethetradeliberalizationis in factphasedn overatotal of 10years settingthetime frame

atamedium-runof four yearsallows meto capturea greatemportionof the actualtariff liberalization.

2.8 Model Implementation in GEMPACK

The original B&S modelwasimplementedn FORTRAN-G underthe MTS operatingsystemformerly

usedatthe University of Michigan. However, with the passingof MTS, it becamenecessaryo migratethe



modelto a new platform. For the sale of transparencandeaseof use,the decisionwasmadeto move
to one of the available generalequilibrium modelingsystems.The computationamodelis implemented
hereusingthe GEMPACK GeneralEquilibrium Modeling Packageasdescribedy HarrisonandPearson
(1996).

GEMPACK allows the userto specifythe models equationsisinga high-level, readabldanguage A
modelis composedf threemain sections:declarationof variablesand fixed parametersinitialization
of the valuesof the variablesand parametersand the equationsof the model. The equationsmay be
specifieceitherin levelsor in percentagehangdgerms.TheU.S.-Canadanodelusedhereis implemented
in percentagehange GEMPACK thentranslateshis high-level descriptiorof themodelinto aFORTRAN
programcapableof performingsimulations. The FORTRAN programis compiledandthenrun usinga
commandile describinghedatato be used the specificatiorof exogenouwariablego ensureclosure the

desiredsolutionmethod,andthe shocksto be madeto the system.

Simulationsof themodelarecarriedout usingthe Johansemethodwhich solvesthelinearizedequa-
tionsof themodel. Thisis of courseanapproximatiorthatmight or might notbea goodone. Thismethod
hasbeenusedhereto maintainconsisteng with B&S. Becauseof the natureof the Johansersolution
method,we know thatthe approximatioryieldsbetterresultsfor smallershocks.Giventherelatively low

prevailing tariffs betweerthe United StatesandCanadathis is probablya reasonabléreatment.

3 Data Sources

3.1 Trade Data

Theoriginal B&S paperderivedtradeflows from UN reportedradefor 1980.All tradeflows usedhereare
derived from StatisticsCanadas World TradeDatabaseaspublishedin Feenstratal. (1997). The World
TradeDatabasés ultimatelybasednthesameJN tradedataasB&S. Thedatasetcontainsannuabilateral
goodstradeflows, adjustedo eliminateimporterandexporterreportingdiscrepancieandconcordedtthe
SITC 4-digit level. Dataareavailablefor theyears1980-1992 All tradeflows arereportedn currentU.S.
dollars. Thesedataare concordedn several stepsto the Deardorf and Sternclassification(DSC) used
in the U.S.-Canadanodel(seeDeardorf and Stern(1986)for a discussiorof the classificationscheme).
The dataarethenaggregatedaccordingto the B&S countrygroupings(United States CanadaOther32
CountriesRestof World).



As a first step,the trade dataare concordedo 24 DSC sectors. Theseare the 22 tradedsectorsof
the U.S.-Canadanodel, plus two additionalsectorsthat are treatedas nontradedn this model: Mining
andQuarrying(2); andElectricity, Gas,andWater(4). Tradeflows that do not fall into one of these24
classificationsare combinedinto a 25th sectoy Not ElsavhereClassified NEC)?® In the secondstep,the
NEC sectorsaretrade-weighdistributedacrosshe 24 identifiedsectors.Next, tradein sectors2 and4 is

discardedo maintaincomparabilitywith B&S.

The resultingdataset consistsof bilateraltrade amongfour entities, divided into 22 sectors. This
concordancerocedurds followed for eachof the years1980-1992. All of the simulationsof the CGE

modelareperformedusingthe 1988tradedataset.

3.2 Input-Output Tables

The input-outputtablesusedin the modelarethe sameonesusedin the original B&S paper Thatis, the
U.S.1972tableis usedfor boththe United Statesandthe Other32 countrygrouping.Canadas tabledates
from 1976.In eachcasethetableis scaledaccordingo the RAS methodto matchtradeandgrossoutput,

labor, andcapitalmeasure$or 1988.

3.3 Deflators

SinceB&S is arealmodel,all simulationresultsarein termsof realchangesn therespectire variables.n
orderto compareactualchangego the modelsimulationsijt is necessaryo deflatethe obsered changes.
GrossoutputandGDParedeflatedusingthe GDP deflatorseriedor the United StatesandCanadaavailable
in the World Tables (World Bank, 1995). Tradeflows have beendeflatedusinga differentserieg(available
from the DRI BasicEconomicdatabase)the U.S. Implicit Price Deflatorfor exportsof GoodsandSer

vices,seriesGDEX.

3.4 Production

Productiordatafor manuficturedgoodscomefrom the STAN Databaseaspublishedoy the OECD.These
productiondataare aggrgatedto the appropriateDSC manufcturingsectors(310 through38A). Gross

outputfor thenon-manudcturingsectorsl, 2, and4 through9 is derivedfrom two sourcesWhenavailable,

5TheNEC sectorsareSITC codes9, 9110,9310,and9999.



grossoutputas reportedby the United Nations (United Nations StatisticalOffice, 1992,1993)is used.
However, grossoutputis not availablefor U.S. sectors?, 8, or 9. Additionally, no grossoutputfiguresat

all areavailablefor 1992.To estimatethesemissingnumbersyalueaddecblatawerescaled.6

3.5 Employment

Dataon numberof emplgred workers for manuficturedgoodssectorscomefrom the STAN database.

Othersectoradatacomefrom OECD (1995).

3.6 Population

The populationdatacomefrom the latestavailable versionof the PennWorld Tables,Mark 5.6. A full
descriptionof the Mark 5 databasés availablein SummersandHeston(1991). The latestversionof the

PennWorld Tablesis availableelectronicallyfrom ht t p: / / www. pwt . econ. upenn. edu.

4 Simulation Results

In whatfollows, | reporttheresultsof thefive experimentdistedin Table2. Thefirst experimentinvolves

simultaneousemoval of all bilateralU.S.-Canadiamariffs, usingthe aforementionedataconstructs.

The ad valoremtariffs in effect at the time of the agreemenarelistedin Table3. As canbe seen,
Canadas tariff level againstthe United Stateswas higherthanthe U.S. reciprocaltariffs in 21 of the 22
sectordisted. The sole exceptionwasthe TransportatiorEquipment(384) sectoy which wasfree of all
tariffs asa resultof the 1965 Auto Pact. While U.S. and Canadapre-agreemenbilateral tariffs were
alreadylow, therewere several significantexceptions. Textiles (321), WearingApparel (322), Footwear
(324), and Furniture(332) receved substantiaprotectionin Canada.The United Statesalso maintained

significant,thoughlower, barriersto Canadiarexportsfrom thesesectors.

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

shouldbenotedthatthis differsfrom theactualtermsof theagreementyheretariffs aregraduallyremaoved

5The valuedaddeddatafor 1988-1991comefrom the sameUN sourcesyhile datafor 1992comefrom the OECD National
AccountsDetailedTables(OECD,1995).For sectors7, 8, and9, U.S.valueaddeds scaledby the Canadiarratio of grossoutput
to valueadded.TheCanadianmatiois usedbecaus¢he U.S.grossoutputseriesn thesesectorss incomplete The Canadiarfactor
is establishedby takingthe sumof grossoutputovertheperiod1988-199landdividing it by thesumof valueaddedoverthesame
period.All grossoutputnumbersarecorvertedto U.S.dollarsandscaledby theU.S.GDP Deflatorseries GDPD.



over a phase-irperiodof seseralyears. For this reasonjt is appropriateo comparethe resultsgenerated

by themodelto tradeseveral yearsaftertheimplementatiorof the agreement.

4.1 Evaluation of B&S Model Results

Onceresultsareobtainedrom themodel,| comparghemto theactualchangesbseredin theeconomies
over the four yearssubsequento the accord. For this purpose,l considerthe changedn the U.S. and
Canadaeciprocalimports, sectoraloutput,andsectoralemplgyment. Sincethe FTA wentinto effect on

Januaryl, 1989,all changeseportedarechangeselative to the baseyear1988.

In orderto measureéhe goodnessf fit, themodelcalculationgor sectorathangesn trade output,and
emplg/mentareregressedgainstheactuallyobsered changedetweerl988and1992. Two measuresf
goodnes®f fit areconsideredtheweightedcorrelation,, betweerthe calculatecandobsenred vectorsof
changesaswell asthe R? resultingfrom theweightedregression®f the calculationsof the modelagainst

actualoutcomes.

Thefirst measurer, wasalsousedby Kehoeetal.:

= D w?yi@i )

Vi wdy? ¥ wii?

The parametenw; is the weightfor sectori. The weightis derived by rescalingthe obsered 1988level

of the variablesuchthat the vectorof weightssumsto the numberof obserations. For example,in the
caseof trade,the weightfor a given sectoris that sectors proportionof 1988tradetimesthe numberof

tradedsectors22. Theobsenred percentagehangeof thevariablein questions y;, andg; is thesimulated
percentagehangen thatvariable.Like ary correlationmeasurey rewardssimulationresultsthathave the

right signsandrelative magnitudeshut it doesnottake into accounthe absolute magnitudeof thechanges.

Kehoeetal. alsousedan R? statisticcalculatedusingthefollowing equation:

> wi(y; — 9i)*
2 w?y%

This is areasonableneasureof goodnes®f fit if the weighted mean of y; is equal to the weighted mean

R*=1- ()

of 9;. Thisis the casein Kehoeet al. by construction.If the weightedmeanof the simulationdoesnot
matchthe weightedmeanobseration, the R? calculatedaccordingto this formulacaneasilybe negative.

Sincetheseweightedmeansarenotnecessarilygqualin theB&S framework, | take a slightly moreflexible



approachandestimatehefollowing equation:

Yivwi = BrYiv/wi + €i/w; 3)

The R? from this weightedregressioris thenreportedn the tablesbelow, alongwith the fitted valueand
standarcerrorfor ;. This ensureshatthe R? hasalower boundof zero,while alsoproviding the 3; asan
additionaldiagnosticmeasurelf (; exceedsl, thenwe know thatthe simulationcalculateschange®f a
magnituddower thanthoseobsered,while if 3; islessthanl, thenthesimulatedchangesregreatethan

theactuallyobseredchanges.

In additionto comparingthe CGE modelresultsto obsered datafor trade,l consideran alternatve
hypothesisnamelythatsectoratradefollows a simpleseculatrend. For eachof the 22 tradedsectorsand
eachdirectionof trade,a simpleOLS regressionis fitted over time to the nine inflation-adjustedbsered
tradeflows from 1980-1988.The parametersesultingfrom theseregressionsarethenusedto projectthe
changein tradethroughthe year1992. Column(0) in Table5 lists the summarystatisticsof theseOLS

forecastswhile Tables6 and7 list thefull results.

Evaluationof changesn grossoutputand emplg/mentis donein a fashionsimilar to tradeflows,
althoughno simpleOLS alternatve is consideredWeightedregressionsarecalculatedor eachseriesand

weightedcorrelationsarealsoprovided.

4.2 Full Tariff Removal

Table5 shaws the calculationsof U.S. importsfrom Canaddor all experimentgfull resultsaregivenin
Table6). For the momentl will limit my attentionto the resultsfor the baseCGE model (Column (1))
and the OLS model (Column (0)). The CGE simulationyields resultswith a weightedr of 0.265for
the obsered changein imports between1988 and 1992. The goodnes®f fit regressiongives us more
diagnosticson the simulation. The R? statisticreache€.305,while the 5, coeficient equals0.374. This

valuefor 5; meanghatthe modelover-estimateshe magnitudeof changesn importsby 167 percent.

The OLS simulation(Column(0)) faresslightly worse,yielding a weightedr of 0.138anda weighted
R? of 0.301. However, the simple OLS projectionprovidesa 3; estimateof 0.447. This impliesthatthe

OLSregressiorestimateshanged 24 percenthigherthanthe obsered changes.

Next | considetthetheresultsfor Canada imports(full detailin Table7). By comparisorto the other

directionof trade,the CGE modelperformssubstantiallybetter The weightedcorrelationis 0.816,while

10



the weightedR? is 0.785. Theresultsfor 3; alsoindicatesimulatedchangecloserto that obsered; the

fitted valueof 0.687suggestshatthe modelis over-estimatingmagnitudeby 46 percent.

OLS performsmuchworsethanin the caseof Canadas importsfrom the United States Ther statistic
is negative andthe R? is nearzero. Theseresultsaredrivenby the TransporEquipmentector(384),which
accountdor almost34 per centof 1988imports. Excludingthis sectorraisesthe r statisticto 0.136. We
seethatthe CGEmodelresultshave thecorrectsignandthatthe magnitudeof importchangesn Transport

Equipments marlkedly better

Next let usconsidetheresultsfor changesn sectoraemplg/ment(detailedresultsavailablein Table8
for theUnited StatesandTable9 for Canada)Theseresultsarepoor While theresultsof the Canadiarfull
tariff removal simulation(Column(1)) arepositively correlatedwith the obsered changein emploment
between1988and 1992,the R? is quite low. It is alsoclearthatthe CGE modelresultsshav far more
modestthangesn employmentlevelsthanareobsered. Theresultsfor the United Statesareevenworse,

shawing a negative correlationand R? nearzero.

It is clearthatmuchmoreis happenindn thetwo economieshanis capturedy the B&S model. While
emplomentgrev by 2.34 per centin the United Statesandby 0.70 percentin Canadeaover the 1988-92
period,this gronvth wasfar from uniformacrosssectorgseecolumnentitled“1988-92% Chg?, in Tables3
and9). Agriculture(Sectorl) andmostmanufcturingsectorsexperiencedleclinesn emplog/ment. Most
expansionin emplomenttook placein servicesectors/, 8, and9. Employmentin Community Socialand
PersonaServiceg9)—thelargestsectorin both countries—gne by 10.73per centin the United States
andby 7.95percentin CanadaFinance]nsuranceandReal Estateg(8) exhibited similar expansion.Labor

clearlymovedfrom manufcturingto servicesover thefour-yearperiod.

In orderto modeltheselabormarket shifts moreeffectively, otherfactorsmustbe takeninto account.
First, the B&S modelassumeshatthe labor supplyis fixed. Secondjaborin both countriesmoved out
of the manubcturingsectorsandinto services.Someof thesechangesnustbe dueeitherto factoraccu-
mulationor to technologicakchange.Considerthe caseof Agriculture (1): U.S. emplomentfell by 2.9
percentfrom 1988to 1992, while outputrose4.33 percent. Theseissuesare addressedby adjustingfor

macroeconomishocksin the CGE experimentsliscussedn Section5 below.

As in the caseof sectoralemplgyment, the resultsfor changesn sectoralgrossoutput(summaryin
Table5, detailin Tables10and11) indicatevery smallchangesn sectoraloutputfor both countrieswith

low measured??. While Canadas r statisticis positive, the U.S. coeficientis negative.
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As with sectoralemplg/ment,the CGE modelresultsfail to capturethe obsered changesn sectoral
output. The obsered changeover the four-yearperiodis an orderof magnituddarger thanthe resultsof
themodel.RealU.S.GDPgrew by 5.8 percentfrom 1988to 1992,while grossoutputroseby 2.5percent.
Canada economicperformanceavaslessrobust, exhibiting a slightrisein real GDP of 0.8 percentanda

declinein grossoutputof 2.6 percentover the period.

4.3 Partial Tariff Removal

Theresultsof theoriginaltariff removal experimentlistedin Column(1) of Table5, indicatethatthe CGE
modelresultsshav greaterchangesn tradeflows thanare actuallyobsered, but greatlyunderestimates
themagnitudeof changesn sectoralemplo/mentandoutput. The overestimatiorof thetradeimpactmay
be dueto thefactthatthe computationakxperimentis a completeremoval of bilateraltariffs, whereaghe

treatycalledfor thegraduakremoval of tariffs. Following theactualagreementaccordingo Morici (1989),

Tariffs will beeliminatedin threegroups—immediatel{Januaryl1989) five-yearstaging.and
ten-yearstaging. Import-sensitie sectorswere generallyaccordeden-yearstagingto con-
cludeby Januaryl998;theseincludemostagriculturalandfish productsmostwoodproducts,
textiles andapparelfootwear steel,lead,zinc, rail cars,tyres,consumegappliancesandpre-
cisioninstruments(p. 52)

Tariffs falling underten-yearstagingcorrespondo the following sectorsin the B&S MichiganModel: a
portion of Agriculture, Forestry andFishing(1); Wood Products(331); Textiles (321); WearingApparel
(322); Footwear(324); and portionsof Iron and Steel(371); NonferrousMetals (372); RubberProducts
(355); ElectricalMachinery(383); and MiscellaneousManufacturing (38A). Our first adjustmento the
modelis thereforeto take into accountthe fact that sometariff reductionswill have beenonly partially

implementedy thelastyearof dataavailable,1992.

Since1992representshe fourth year after the implementatiorof the accord,the secondexperiment
consistsof reducingcertainof the sectoraltariffs by only 40 percent,assuminga straight-linephase-in
of thetariff reductions.Only thosesectorscited by Morici (1989)which correspondtloselyto complete
MichiganModel sectorsaremadesubjectto thereducedshock. Thesectorschoserinclude: Textiles (321),
WearingApparel(322), Footwear(324), Wood Productg331),andIron andSteel(371). All othertraded
sectorgemainsubjectto completeremoval of tariffs. The goodnes®f fit measure$or this simulationare

listedin Column(2) of Table5.
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The partialtariff removal experimentyields mixedresultsfor sectoratradeflows. Ther and R? statis-
tics improve modestlyfor Canadaandthe estimateds; risesto 0.790,closerto the desiredvalue of 1.
TheU.S.resultsaremixed. While 8; hasrisenfrom 0.375to 0.417,bothr and R? have worsened When
consideringonly the sectorssubjectto partialtariff removal, theresultsarealsoambiguousThesimulation
resultsimprove in threeof thesix sectorsn boththe United StatesandCanadalFor example,in the caseof
U.S.importsfrom Canadathe partialtariff reductionscenaricdoesattenuatehe largestchangesn trade.
This reduceghe extremeresultsin WearingApparel(322), Footwear(324),andIron andSteel(371) (see
Table6). However, the simulationresultsfor Agriculture (1) and Textiles (321), which werealreadytoo

smallin thefull tariff removal case aremadelower still.

Column(2) in Table5 alsoshavs the changesn employmentunderthe partialtariff removal scenario.
Sincethechangedn emplg/mentwith full tariff removal werealreadytoolow, oneshouldexpectthe partial
tariff removal caseto be smalleryet. The R? andr statisticsshaw little changecomparedo theresultsin
Column(1). Thesimulatedchangesn outputresembleghosefor emplg/ment: the partialtariff experiment

resultsin evensmallersimulatedchangesn outputacrosssectors.

5 Adjusting for MacroeconomicShocks

As KehoeandKehoe(1994)suggestthe modelshouldbe adjustedor exogenoushocksthatoccurredn
1989andafter The original counterfictualexperimentin Brown and Stern(1989)assumedho changen

thesevariables.The next threeexperimentsaddresshis concern.

Themodelassumeshattotal capitalandlaborin eachcountryarefixed;thereis no endogenougactor
accumulationln orderto take into accounthechangeén totalemploymentandcapitalstock,anexogenous
shockis appliedto the modelto mirror the obsered changdn capitalstockandwork force betweeril 988
and1992.Theshocksappliedarelistedin Table4. The obseredchangen sectoralndtotal capitalstock
for theUnited StatesandCanadaaredravn from OECD (1997a).Thegrowth in U.S. capitalstockis based
on chainedquantityindices,while the Canadiarfiguresare basedon a constantprice measuref capital
stock. The growth in the total capitalstockof the Other32 countriesis dravn from datacollectedby The

World Bank(1997)/

"The figuresfor total capital stock for the Other32 countriesfor 1988 and 1992 are derived by taking the reportedGross
Domesticlnvestmenin ConstanDollarsover the period1960-1992anddiscountingthe streamfollowing method3 setforth by
Leamer(1984,pp.220-34).Thisinvolvesusingaslong a seriesof investmenflows aspossibleandthendepreciatindgy 13.3per
centperyear Becausef the complicationof Germay's reunificationin 1991,thatcountrywasdroppedrom the calculationof
percentagehangeof capitalstock.
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The datafor the changein labor supplyin the United Statesand Canadaare derived from the OECD
STAN databaseThe changdn laborsupplyfor Other32 wasderived principally from statisticscollected
by thelLO (InternationalLabourOffice,1997).Datafor Mexico andLuxemboug weredravn from OECD
(1997b). Labor force for India wasestimatedrom World Bank (1998),while thatfor Taiwanwasdravn
from Taiwan's 1998 StatisticalYearboolk{Republicof China,Directorate-Generalf Budgeting, Account-
ing andStatistics 1998). Total labor supplyis shocled to matchthe obsered changen total employment

from 1988to 1992.

Additionally, themodelassumethatthe balanceof tradefor eachcountryremainsunchangedln order
to take into accountthe obsered changein the balanceof trade,the obsered tradeflows for 1988 and
1992areusedto calculatethe changedn the balanceof trade. The balance®f tradefor the United States,
CanadandOther32 arethenshocledby theamountdistedin Table4. Notethatthetradebalancdor Rest
of World is not shocled becauset is uniquelyidentifiedby the otherthreeshocks. The implied balance
of tradefor the Restof World is a deficit of $148,329million for 1988,growing to a deficit of $190,394

million for 1992,andthusimplying a 28.4percentrisein the Restof World balanceof trade.

5.1 Experiment with Macro ShocksOnly

As afirst step,l presenthe resultsof the experimentwhereonly the macroshocks(listedin Table4) are

appliedto themodel. The summaryresultsof this experimentaregivenin Column(3) of Table5.

| first considerthe performanceof macroshocksin the context of tradeflows. The macroshocksim-
ulation doesnot seemto capturechangesn tradeflows. The R? for U.S.importsis 0.003,while thatfor

Canadas 0.018.Both goodnes®f fit regressionyield anegative 5, .

Oncewe turnto sectoralemplog/ment, however, it appearghatthe macroshocksexplain a substantial
portionof theobsered changesin theU.S. case Column(3) of Table5 shavs a correlationof 0.556and
R? of 0.352.The 3; coeficientis 1.346,muchcloserto the desiredvalueof 1. Theresultsfor Canadaare
similar. Thevaluefor r is 0.516,andR? is 0.264.Again, thevaluefor 3, is amorereasonabld.947.This

impliesthatthemodelis still underestimatingthe magnitudeof changen emplg/mentby 49 percent.

Themacroshocksalsoprove effective atsimulatingthechangen sectorabutput. Table5 indicateghat
thecorrelationwith obseredvaluesis substantialandthe goodnessf fit regressiorikewisedemonstrates
a positive relationship. The reportedR? for the United Statesis 0.346,while thatfor Canadiarsectoral

outputis 0.198.
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The simulationof macroshocksindicatesthat exogenouschangesn capital stock, labor supply and
balanceof tradeclearly have an impacton the sectoralcompositionof employmentand output. At the
sametime, theseshocksdo not exhibit a strongrelationshipto obsered changesn sectoraltradeflows.
The next naturalexperimentto consideris the combinationof a macroshockadjustmentombinedwith

tariff removal.

5.2 Combining Macro Shocksand Tariff Removal

Column(4) in Table5 shaws the resultsof the combinedexperimentof full tariff removal andshocksto
capital,labor, andbalanceof trade. The resultsfor tradeimprove slightly for the United Statescompared
to thosefrom thefull removal of tariffs only (Column(1)). However, thosefor Canadavorsenmodestly
Thesectoraemplg/mentresultsalsodiffer for thetwo countries While combiningmacroshockswith full
tariff removal hadlittle effect on the R? for U.S. sectoralemployment, the resultsfor Canadamproved
from 0.264for the macroshockonly to 0.347for the combinationof macroandtariff adjustmentsResults
for sectoraloutputfollow thosefor sectoralemployment; the U.S. resultsare virtually unchangedrom

Column(3) to Column(4). However, theresultsfor Canadamprove slightly from an R? of 0.198to 0.213.

Thecombinatiorof thefull tariff removal experimentwith the capital Jaborandbalanceof tradeshocks
yieldsoverallbetterresultsacrosgherangeof variablesconsideredWhile modelperformancén individual
variablesamightbe betterin eitherthetariff-only or the macro-shock-onlgxperimentsthe combinationof

thetwo setsof shocksresultsin a simulationthatbetterdescribesll of the variablesunderconsideration.

Next | briefly considerthe resultsof the combinationof macroshockswith the partial tariff removal
scenariooutlinedabore. Column(5) in Table5 lists theseresults.The performancef themodelis similar
to thatobseredin Simulation4, macroshockswith full tariff removal. In the caseof the United Statesthe
only significantdifferenceis thatthe simulationresultsfor importsfrom Canadamprove. Ther increases
from 0.452in the previous simulationto 0.475,while 5, risesfrom 0.458to 0.543,reducingthe overes-
timation of tradeflows from 121 per centto 81 per cent. The R? measurealsoimproves, from 0.346to

0.359.Theresultsfor employmentandoutputareessentiallyjunchanged.

The experimentshavs similar improvementin tradesimulationfor Canadawith » improving from
0.745t0 0.762,4; risingfrom 0.660to 0.755,and R? increasingrom 0.729to 0.746.However, unlike the
resultsfor the United Statesemployymentandoutputmeasure$or Canadanave worsenedslightly. The R?

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

Adding capitalstock,labor supply andbalanceof tradeshocksto the modelclearlyimprovesthe overall

performanceof the simulation. While the ability of the modelto capturechangesn tradeflows remains
relatively unafected, the performanceof the modelin simulating sectoralchangesn emplg/ment and
outputis dramaticallyimproved by the inclusionof macroshocks. This resultprovides supportfor the
view thattariff changehave arelatvely smalleffect onthe compositiorof outputandemplg/ment. Other

phenomenasuchasfactoraccumulationappeato play amuchlargerrolein thisregard.

Additionally, the performancef the macroshockexperimentdendscredibility to the generalequilib-
rium modelthatB&S used.Givenashockto total factorendavments the modelperformsreasonablyvell

atallotting thoseadditionalfactorsacrosssectors.

6 Alternative Mark et Specification

More recentwork usingthe MichiganModel differsfrom the original B&S specificatiorin anotheraspect:
currentmodelimplementationsonsiderll monopolisticallycompetitve sectorgo besubjecto freeentry
As an alternatve exercise,all the experimentsperformedabore were repeateduinderthe assumptiorof
free entryin all monopolisticallycompetitive sectors.The detailedresultsarenot presentedhere,but are
available from the authoron request. The resultsfor tradeshav that comparedto the original market
specificationn Table5, the performanceof the modelwith free entryin simulatingtradeflows is almost
uniformly betteracrossall measuremergarametersThe resultsfor R? aresuperiorin 9 out of 10 cases,
andoftenby a wide mamgin. The correlationmeasure- is betterin 7 out of 10 caseswhile the resultsfor

(1 arecloserto 1in 9 outof 10 simulations.

The performancewith respectto sectoralemploymentis lessclear cut. While the model worsens
slightly for the United Statesthe resultsfor Canadaare mixed. While » and R? improve for the macro
shocksimulations,the correspondingstimateds; is furtherfrom 1. Theresultsfor sectoraloutputare
alsoambiguous Ther and R? statisticsarebetterin simulations(4) and(5), but 3; hasworsenedIn the

Canadiarestimatesy ands; have improved, thoughR? hasfallenslightly.

Theseresultssuggesthat the move away from monopolisticcompetitionwith no entry asa market

structurds areasonablene,atleastin the caseof this policy experiment.Theseresultscouldof coursebe
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drivenby our consideratiorof alongeradjustmenperiod;no entrycouldstill beavalid assumptionn this

modelwith atime horizonshorterthanthe four yearsconsideredere.

7 Conclusion

The aim of this paperhasbeento testthe B&S modelcalculationsof changesn trade,outputand em-
ploymentasa resultof the Canada-U.SFreeTradeAgreement.All told, the B&S model, even without
adjustmentsgoesa reasonablob of capturingchangesn tradeflows. It performsespeciallywell in sim-
ulating Canadas traderesponseo thetariff reductions.The resultsfor U.S.importsarelesspersuasie,
but the modeldoesseemto capturesomeof the patternof change.SinceU.S.-Canadaraderepresents
muchgreateiforcein Canadaascomparedo the United Statesyve shouldexpectto seetheimpactof trade
liberalizationonthe Canadiareconomymuchmoreclearly asindeedis the case Changingheexperiment

from full tariff removal to partialtariff removal hasa modestlypositive effect on themodels performance.

While the basicmodelyields far smallerchangesn outputand emplg/mentthanthoseactually ob-
sened, this doesnot necessarilyneanthatthe modelis deficient. Rathey sincetheintroductionof macro
shocksin the modelframewvork dramaticallyimprovesperformancewe canconcludethatthe influenceof
tariff reductionsaloneon sectorabutputandemplg/mentaresmallin magnitude Factoraccumulatiorand
the businessycle appeato have a muchmoreprofoundeffect on sectorakchangesn outputandemploy-
mentthando tariff reductions.The ability of themodelto accountor changesn the sectoraldistribution
of capitalandlaborin responseo factoraccumulatiorstrengthensur confidencdn the structureof the

model.

Througha seriesof adjustmentso the original model,| find thatthe Michigan Model performedquite
well at simulatingthe actualchangesn sectorakradethatoccurredn thefour yearsfollowing theimple-
mentatiorof the Canada-U.S-reeTradeAgreementPerformancef the modelwith respecto outputand
emplog/ment, while substantialjs lesspersuasie. The strengthof the modellies in capturingchangesn
tradecomposition.In somesenseit performswell at simulatingchange$n emplgymentandoutput,given
the assumption®f the experiment. The modelsaysthatlittle changein emplgymentand outputcanbe
directly attributedto tariff reductions.Althoughsuchsmallchangesrenot consistentvith thoseactually
obsered, the obsered changesn sectoraloutputand emplg/ment can be partially explainedusingthe

modelstructureto apply shockgto capitalstockandlaborsupply
In conclusion,this papersuggestghat the B&S modelrepresentsa useful framewvork for analyzing
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changesn tradepolicy. It alsosuggestshat factorssuchas capitalaccumulatiorandlabor supply play
a profoundrole in determiningthe sectoralcompositionof outputand employment. The utility of the
modelfor predictve purposesthen, dependson the quality of the counteractual. For example,if the
guestionwereto predictsectoraemplo/mentandoutputseveralyearsaftertheimplementatiorof the Free
TradeAgreementatherthanto predictthechangeslue only to the FreeTradeAgreementthenthecorrect
experimento run shouldprobablyhave includedsomesortof projectionof thechangesn laborsupplyand
capitalstock.However, for thepurpose®f analyzingthe effectsof thetariff reductionsaloneon outputand
emplo/ment,the analysisheresuggestshatthe B&S modelframework is correctin implying thatlittle of
theactualchangedn the sectorakcompositionof outputandemploymentareattributableto the FreeTrade

Agreement.
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Tablel: IndustryStructureof Brown/SternMichiganModel

ISIC Sector Competition  Entry
Traded Sectors

1 Agriculture,forestry andfishing Perfect Free
310 Food,beveragesandtobacco Monopolistic Free
321 Textiles Monopolistic None
322 Wearingapparel Monopolistic Free
323 Leathemproducts 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 Petroleunandrelatedproducts* Monopolistic None
355 Rubbermproducts* Monopolistic None
36A Nonmetallicmineralproducts Monopolistic Free
362 Glassandglassproducts Monopolistic None
371 Ironandsteel* Monopolistic Free
372 Nonferrousmetals Monopolistic Free
381 Metal products Monopolistic Free
382 Nonelectricamachinery 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 Transportationstorageandcomm. Monopolistic Free
8 Financejnsuranceandrealestate Monopolistic None
9 Commercialsocial,andpersonakervices Perfect Free

*Modeledaccordingo Market Segmentatiorin B&S.

Table2: SimulationsRunusingthe CGEModel

Simulation Description

1 Original B&S Full Tariff Remwal

2 Partial Removal of Tariffs

3 Shockdo CapitalStock,LaborSupply
andBalanceof Trade

4 Combinationof Simulationsl and3

5 Combinationof Simulations2 and3
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Table3: Pre-AgreemenBilateral Tariffs

Sector Canada U.S.
1 Agriculture,forestry andfishing 22 16
310 Food,beveragesandtobacco 54 38
321 Textiles 169 7.2
322 Wearingapparel 23.7 184
323 Leathemproducts 40 25
324 Footwear 215 9.0
331 Wood products 25 0.2
332 Furnitureandfixtures 143 4.6
341 Paperandpaperproducts 6.6 0.0
342 Printingandpublishing 1.1 0.3
35A Chemicals 79 0.6
35B Petroleumandrelatedproducts 05 04
355 Rubbermproducts 89 84
36A Nonmetallicmineralproducts 44 0.3
362 Glassandglassproducts 7.7 6.9
371 Iron andsteel 7.4 44
372 Nonferrousmetals 33 05
381 Metal products 86 4.0
382 Nonelectricaimachinery 46 2.2
383 Electricalmachinery 75 45
384 Transporequipment 0.0 0.0
38A Miscellaneoudvianufacturing 50 0.9

Source:  Adaptedfrom Magunetal. (1987),
pp. 25and141-53.

Table4: Macroeconomi&ShocksApplied to the Model

Variable 1988 1992 Pct.Change
CapitalStock
United StategChainedQuantityIndex) 92.77 100.00 7.79
CanadgMillions of 1986CanadiarDollars) 754,521 852,924 13.04
Other32* (Millions of 1995U.S.Dollars) 13,956,782 16,517,004 18.34
LaborSupply(Thousandsf Workers)
United States 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)
United States -88,782 -14,139 -84.10
Canada 8,891 1,290 -85.60
Other32 228,220 203,783 -10.70

*ExcludesGermalry
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Table5: Summaryof Goodnes®sf Fit Measures

Simulation
0) (1) ) 3) (4) ®)
Full Partial K,L.BT K,\L,BT K,.L,BT
Variable OoLS Tariff Tariff Shock +Full  + Partial
United States
Pct. Changdan Importsfrom Canada
Weightedr 0.138 0.265 0251 0.246 0452 0.475
B 0.447 0.374 0417 -0.051 0.458  0.543
s.e. (0.148) (0.123) (0.139) (0.204) (0.137) (0.159)
R? 0.301 0.305 0300 0.003 0.346 0.359
Pct. Changdn SectoraEmployment
Weightedr -0.265 -0.159 0.556 0.551 0.552
B -53209 -39685 1.346 1.339  1.340
s.e. (38084) (51328) (0.345) (0.346) (0.346)
R? 0.065 0021 0.352 0.348 0.349
Pct. Changdn SectoralOutput
Weightedr -0.059 -0093 0.545 0.540 0.540
B -7679 -11465 1.647 1.632 1.631
s.e. (16404) (17802) (0428) (0.429) (0429)
R? 0.008 0015 0.346 0.341 0.341
Canada
Pct. Changdn Importsfrom the United States
Weightedr -0543 0.816 0836 -0.625 0.745 0.762
B 0.161 0.687 0790 -0481 0.660  0.755
s.e. (0471) (0.079) (0.083) (0.778) (0.088) (0.096)
R? 0.006 0.785 0810 0.018 0.729 0.746
Pct. Changdn SectoraEmployment
Weightedr 0.285 0275 0516 0594 0.582
B 3.198 3795 1947 2154 2142
s.e. (2041) (2516) (0614) (0559) (0573)
R? 0.081 0075 0.264 0.347 0.333
Pct. Changdn SectoralOutput
Weightedr 0.183 0164 0535 0591 0.584
B 1.289 1186 2.076 1.998  2.008
s.e. (2043) (2297) (0.789) (0.727) (0.741)
R? 0014 0009 0.198 0.213 0.208

Weightedr aboveis theweightedcorrelationbetweerthe vectorof obseredsectorakchangesandthe vectorof
simulatedsectorakchangesveightedby the obsenedlevel of thevariablein thebaseyeat

Themeasureg,, standarcerrorof 31, and R? comefrom the estimationof the equationy;/w; = B1J:+/w; +

€;/w;. SeeSectiond.1for afull description.
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Table6: CalculatecandObsered Changesn U.S.Importsfrom Canada

(Percentag€hangdn Reallmports)

Simulation Obsered
) 1) 2 (3) (4) (5)
Full  Partial K,.LBT KLBT KL,BT | 1988-92 1988Base
ISIC  SectorDescription OoLS Tariff Tariff Shock  +Full +Partial | %Chg. ($Million)
1 Agr., for., & fish.* 214 17.6 3.9 26.6 44.2 30.5 70.1 1,439.8
310 Food,bev., & toh 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* 442  225.3 86.7 -5.3 220.0 81.4 44.2 337.4
323  Leathemproducts 25.8 31.8 32.3 -8.2 23.6 24.1 -1.4 43.2
324  Footwear* 243 1201 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& papermrod. 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. 324 -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  Transporequip. 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 15 1.8 44.7 1,842.4
Weightedr 0.138 0.265 0.251 0.246 0.452 0.475
Estimationof y;/w; = B1§i/wi + €i/w;
51 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)
R? 0.301 0.305 0.300 0.003 0.346 0.359

*Sectorssubjectto partialtariff removal in Simulations?2 and5.
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Table7: CalculatecandObsered Changesn Canadas Importsfrom the United States

(Percentag€hangdn Reallmports)

Simulation Obsered
) 1) 2 (3) 4) (5)
Full  Partial K,L,BT KLBT KL,BT | 1988-92 1988Base
ISIC  SectorDescription OLS Tariff  Tariff Shock  +Full +Partial | %Chg. ($Million)
1 Agr., for., & fish.* -149 351 16.8 -26.8 8.2 -10.1 65.7 1,703.7
310 Food,bev., & toh 5.7 778 77.7 -7.1 70.7 70.7 101.0 1,533.0
321 Textiles* -3.0 2252 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  Leathemproducts 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* 3.0 357 16.1 6.9 42.7 23.0 53.9 689.9
332  Furniture& fixt. -59 167.3 167.0 14.3 181.6 181.3 148.7 629.2
341  Paper& paperprod. 8.2 898 89.5 -9.4 80.4 80.0 60.5 1,228.7
342  Printing& puh 42 213 20.8 7.5 28.9 28.3 77.6 949.4
35A Chemicals 9.3 1231 1224 -9.5 113.6 112.8 72.7 4,023.4
35B  Petrol.& rel. prod. 645 143 13.7 -38.0 -23.7 -24.3 15.0 526.1
355  Rubbemroducts 46 117.2 1164 13.6 130.8 130.0 44.9 763.4
36A  Nonmetal.min. prod. 155 65.2 64.7 -7.4 57.8 57.3 2.1 447.1
362 Glass& glassprod. 8.4 985 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 -140 371 38.8 -1.1 36.0 37.7 7.2 1,901.1
381  Metalproducts -0.3 109.6 110.1 25 112.1 112.6 80.1 1,518.2
382 Nonelec.machinery -40 413 41.1 5.2 46.4 46.3 18.2 10,317.5
383  Elec.machinery 23,5 605 60.5 2.0 62.5 62.5 64.1 9,599.7
384  Transportequip. 342 -158 -151 19.6 3.8 45 -11.7  21,553.8
38A  Misc. Manufact. 6.2 488 48.6 8.9 57.6 57.5 73.6 3,7215
Weightedr -0.543 0.816 0.836 -0.625 0.745 0.762
Estimationof y;/w; = B1§i/wi + €1/wi
51 0.161 0.687 0.790 -0.481 0.660 0.755
StandardError 0.471 0.079 0.083 0.778 0.088 0.096
R’ 0.006 0.785 0.810 0.018 0.729 0.746

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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Table8: CalculatecandObsered Changesn U.S. SectoraEmployment

(Percentag€hangdn SectoraEmployment)

Simulation Obsered
(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., & toh 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 Leathemproducts 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& papermrod. 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  Rubbermproducts 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  Transporequip. -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 WholesaleX retailtrade 0.00 0.00 3.10 3.10 3.10 -0.20 25,436,000
7 Transport.storage& comm. 0.00 0.00 2.42 241 241 1.41 4,693,000
8 Financejns.,& 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
Weightedr -0.265 -0.159 0.556 0.551 0.552
Estimationof y;/w; = B1§i/wi + €;/wi
B -53.209 -39.685 1.346 1.339 1.340
StandardError 38.084 51.328 0.345 0.346 0.346
R? 0.065 0.021 0.352 0.348 0.349

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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Table9: CalculatedandObsened Changesn CanadiarSectoraEmployment

(Percentag€hangan SectoraEmployment)

Simulation Obsered
1) (2) 3) 4) (5)
Full  Partial K,LBT KLBT KL,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., & toh 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 Leathemproducts -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 -281 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& puh 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  Rubbermroducts -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  Transporequip. 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 WholesaleX 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 Financejns., & 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
Weightedr 0.285 0.275 0.516 0.594 0.582
Estimationof y;/w; = B1§;/wi + €;/w;
B 3.198 3.795 1.947 2.154 2.142
StandardError 2.041 2.516 0.614 0.559 0.573
R? 0.081 0.075 0.264 0.347 0.333

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

(Percentag€hangean SectoralOutput)

Simulation Obsered
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., & toh -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  Leathemproducts 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& papermrod. -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  Rubbermproducts -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  Transporequip. 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 WholesaleX retailtrade -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 Financejns.,& 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
Weightedr -0.059  -0.093 0.545 0.540 0.540
Estimationof y;/w; = B19:/wi + €i/w;

B1 -7.679 -11.465 1.647 1.632 1.631

StandardError 16.404 17.802 0.428 0.429 0.429

R? 0.008 0.015 0.346 0.341 0.341

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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Tablell: CalculatecandObsered Changesn CanadiarSectoralOutput

(Percentag€hangean SectoralOutput)

Simulation Obsered
1) (2 (3) (4) (5)
Full Partial K,L,BT KL,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., & toh 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 Leathemproducts -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& paperrod. 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  Rubbermproducts 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  Transporequip. -290 -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 WholesaleX retailtrade 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 Financejns.,& 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
Weightedr 0.183 0.164 0.535 0.591 0.584
Estimationof y; \/w; = B19;/wi + €i\/w;
B 1.289 1.186 2.076 1.998 2.008
StandardError 2.043 2.297 0.789 0.727 0.741
R? 0.014 0.009 0.198 0.213 0.208

*Sectorssubjectto partialtariff removal in Simulations2 and5.
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