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ABSTRACT 

The Impacts of tanfflcatlon on CanadléHl nlilk producers were estHnated via 

supply prlce and trade flow parc:meters usmq (J spatléJl pr IC(' equllibnunl modf'1 

applled to mllk production reglons of Canada and the LJnltf'cI Statps 

Two pnce scenarios were put forward beCClllSE' of sLJrrly IlU!l,lqf'fllf>nt 111 

Canada The flrst Incol-porated producer f:1rIces wtlllc thp Cj0C0I1(i usec1 slladow 

priees for Canadlan producers deflned as ttle proejucer pner' 10S<..; a redlJctlol1 ln 

priee whlch accounts for the value of production quotd T tlC' t1ypoth(l~IS tbat 

tanfflcatlùn reduces mllk production ln Canarla to the exlent ft1a! li S producers 

Increase thelr exports to Canada was partly supported ln Sc,enéUIO nf1t' hlll not 1;1 

scenario two Specifie tanffs of $11 OO/hl plevenlNi Il S Ifllporh ln ri',lch OIIPbec, 

and Ontario However the rest of Canada IIlLlf)ased Ils nnports trolll Clfe;l! 1 ak()') 

~o the detnment of Quebec and Ont2flo Consequcntly production (1euo(l!'>e(j 

slightly ln Quebec and lI1ereasec! ln Ontario whercas prlŒs (incrpflsnd 

slgnlflcantly ln hoth provinces SCenéjr!o two showed nhliity of OII('t)f~C and Onlnno 

to wlthstand ,L>,mencan competition Priees and production Ir~vel rernalntHj 

unehanged while export flows to the rest of Canada IIlcreéJsed tu the delmnent of 

the Great Lakes 

The present study Jnvestlgated only a specifie aspect of the tantficatlon 

proposai ln the GATT and does not Intend not 10 reflect the very cornpl(~x aspecls 

of GATT negotlatlons Ttle flndlngs of Ihls analysis must be m!erpretnd Witt) thlc, 

caveat Further sludles consldmlng other plausible t;:mfflcallon su:narl()') or 

effective tanffs on an Indlvldual dalry product basis WUlJld brua(jen our 

understandlng of the potentlal Implications of tanfflcatlon 
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RÉSUMÉ 

Les Impacts de la tarification sur l'lndustne laltlere sont analysés selon les 

quantités produites, I~S pnx et les echanges commerciaux entre les reglons 

laltleres dominantes du Canada et des E.tats-Unls L'étude fut realisee SUivant un 

modèle spatial d'équilibre de priX intitule Generallzed Transportation Problem 

Deux scenrtnos de tanflcatlon, basés sur un tanf spécifique de 11 aO$/hl, 

furent proposés pour remplaç,er ItS quotas d'Importations actuels L'un Impliquees 

prix aux producteurs et l'cllJtre les prix virtuels comme etant le priX du producteur 

mOins la valeur du qllota rtccumulee dans le priX du lait Les résultats du premier 

scenario dernontwnt quo Ics Importations améncalnes au Ouebec et en Ontario 

ne changent pas Cependémt. les. Americains augmentent leurs exportations dans 

le reste du CélnrtUa 1 a prodlJctlon tE~nd légerement a la baisse au Quebec et à la 

hausse en Onti1r1o, qUélnt aux priX, la baisse est significative dans les deux 

proVInCCS 1 p dCLJxleme scenariO démontre la compétitivité du Québec et de 

l'Ontario sUite aux maintiens des priX et des quantltes prcdultes et a ,'augmentation 

de leurs part de marche dans le reste du Canada au détriment des Grands Lacs 

De tels reslJltélts oernontrent certains ajustements nécessaires de la 

production laltlére f(1ce à une competition accrue d8'5 États -Unis dans le cadre 

d'une liber al'satlc'rl des échanges L'utilisation du pnx Virtuels démontre le potentiel 

d'expansion de Id production, des priX et des échanges commerciaux au Québec 

et en entano 

La presente étude traite d'un aspect particulier de la tanf!catlon et ne 

prétend pas reprodUire fidèlement les méandres de la propOSition Dunkel AinSI, 

les Implications d'une telle analyse se dOivent de conSidérer certaines limites 
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CHAPTER ONE: PROBLEM STATEMENT 

1.1: PROBLEM STATEMENT 

The proposed changes under the General Agreement on Tanffs élnd T rade 

(GA IT) alm ta reduce International trade bmners The t3r1fflcatlon plan put forw(lld 

to the GAn panel ln November 1989 suggests, the replc1ccrnent of ImpolI qlJotcls 

wlth equlvalent tanffs (Moschtnl, 1991) 

The GATT was Inltlated ln 1947 as a temporary rne,lsure bdore the 

acceptance of the International Trade OrganlZéJtlon, whlch pever came mIn 

eXistence followmg Its rejectlon by thf--~ US Congress Sinee Its b('ÇJIIlPlt1q~; GA Il 

has completed seven rounds of negotl<ltlons, thi' currcflt Urtl<llJay round wœ, 

launched ln 1986 and compnses the cornplp.x and rroteclt~d (1~lrICllltlH.l1 "cetor 

GATT provlsrons wlth respect to Irnport acces~ .Ile Incllldpd WltllIll I\rtlcll' 

XI, whlch states general prohibition conccrrllnq qUélntltéltlvc restnctlDrl', II()wev(~I, 

Article XI contams one exception very IInportant for Canada, wlllr:h 'lay~ tllal 

quantitative restrictions on Irnports are permltted ln thp ~peclflc case wher(-~ It IS 

coupled wlth domestlc suppiy restrrctlons 

The onglnal Intent of Article XI rncluded ln the Charter of thf: C~A Il was ln 

satlsfy the Amencans about the protection of thclr farm pro~1ram'l (lnder thf~ lJ~) 

Agncultural AdJustment Act (Section 22) ln 1955 h0wevm, thf! I\ITlf~fI(,dfl~J q'lIIlf!rJ 

a GA Tf walver concernlng thelr obiigatl0l1s VIS-~l VIS tra(k dl"tortlnq rTlf'r\',IJrf!', 

This exceptIon allows United States to Impl)';r; Import (~UUlil', for Illlpnrtilfll 

agncultural cammoditles Ilke dalry products, stJqar cotton, awJ [H!,lr1IJf', 1 hf!f(;for(!, 

the orrglnal artIcle XI was no longer neeüssary (RudefJf al, 1 ~y)/) (JéHliJlh whlch 

Inltlally dlsapproved the Incorporation of article XI by United ;')t;I~C!'-. lf;;-!rlnq rrade 
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dlstortlng Impacts, later Invoked It, ln the 1970's, to Implement ItS supply 

management programs (Rude et al, 1982) 

As a result. both Canada and UnIted States have Llsed Import quotas for 

dalry products and for other major commodltles These quantitatIve restnctlons 

have been based on hlstorlcal trade profiles that tend to be statlc from one year 

to the nl~xt and rlS a whole halle represented around 3 percent of domestlc 

production 1 he ratlonale behlfld thls trade philosophy has been to protect 

dornestlc dalry praducers tram the negatlve effects of the internatIonal market That 

IS, the dalry Industry has been onented toward domestic demand rather than 

export-onented 

Marketing boards are prevalent ln several sectors of Canadlan agnculture 

Powers and actlvltles of marketing boards throughout Canada vary wldely from a 

promotlonal or prorluct marketlnq role, to the more powerful supply management 

role wlth prodlJctlon or marketing quotas The latter type of marketmg board 15 

restrrcted ta rnilk, poultry, eggs and tobacco. whlch account for roughly hait the 

hoards and 25 lll., of farm cash recel pts ln Canada (Forbes et al, 1982) These 

sect ors use Ifnport quotas coupled wlth domestlc production quotas ln order to 

enforce Hl€1f objectives related ta supply control, and Improved producer welfare 

Bilateral trade under GA TI m dalry products between Canada and the 

United States reqlJJres the ellmlnatlon of Import quotas on dalry products ln favor 

of tanff schernes 1 he emergrng hypothesis Sr IS that the application of tanfflcatlon 

wou Id decrease rnllk production ln eastern Canada to the extent that Amenean 

producers. through exports to Canada. Will replace redueed Canadlan mllk 

production 

The hypothesis IS tested uSlng a quadratlc spatIal priee equllibnum model 

that IS solved for equllibnum prrces, and production, as weil as export and Import 

2 
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quantlty flows glven domestlc supply and demand functlons, and eXlstlng tradl~ 

constralnts The model IS recurslvely solved for three speclflc perlods of êlll<1lySls 

(1) the initié' penod wlth tanff nnplementatlon (2) the perrod comprlstn~l il t.-Hlft 

reductlon of 18%1 and. (3) the final tableau Wlttl 36";) reciuct:on c()l1lpletln~l tlll' 

proposed phase-out penod of SIX years 

Supply and demand functlons for the relevêlnt rcglons of UrlItpd St<1tes and 

Canada are obtamed from the IIterature. slnce It 15 not the obJectiVE' of thls stlldy 

to estlmate such economlc relatlonshlps The objective 15 to rneaSLJIC thr' 1I11pêlCtS 

of policy changes. glven supply allJ demand relatlonshlps 

1.2. ORGANIZATION OF THE THESIS: 

The investigation of the Impacts of tanfflcatlon on the CanéHlIan déllry 

mdustry will be presented ln the followlng steps CbÇlpter tWQ presents Cl revlew of 

literature pertinent ta the analysis Flrst, the revlew sllrveys the ISSU(~ of t;lfIffrcatlon 

and the polltlr,al and economlc climate wlth respect to <lqrlCllltlll al trade Second, 

charactenstlcs of the Canadlan and the Amencan déllry tndustry cHe fJlltllned A 

diSCUSSion on agrrcultural trade models conslders the role élnd Hw c;Jprlhllltlc!-'of 

spatial models, IIlc!udlng three dlfferent emplrlcal moeJpls the !\1l1('r!UHl r )arry 

Sector Simulator (USDSS), the Canadlan Regional AgrlcLJltur dl Mo(h~1 (U'I\M), flnd 

the Generallzed Transportation Problem (G1 P) Chapter threç dISUI',")f ,') the 

methodology used to measure the Impacts of tarlfflcatlon on drllrY tradl! (~l P IS<1 

competitive and a surplus maXlmlZ<1tlon problem w~ed Hl International traeh: ln Hw. 

study, It IS applled ta potentlal dalry trade between Unlt(~d Statw) ;][1d Caf1<ldd The 

methodologlcal approach whlc.h 15 descnbed ln thl<, chapter IIlLIlJ(Jt!~ data 

reqUirements, solutl~n procedures and validation technlq!Jf~s InVOIVf:rJ ctliJpt~'r four 

shows the validation outcome and the results of tarlff Irnplc-nmmtatlorl r~pla(;mq 

lm port quotas wlth respect to two distinct tanfflcatlon scenarios f~esults areshown 

for the three perrods of analysis ln terms of quantlty produced, milk priees, and 

3 
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trade flow patterns for each of the reglons consldered ln Canada and United 

States The results are dlscussed wlth respect to two hypothetlcal tarrff scenanos 

reflectlng the tanfflcatlon proposai of the GA TI and thelr Implications on dalry 

producers 

limitations 

Flnally, the conclusion recapltulates the discussion, relates the 

of Generallzed Transportation Model (GTP) and makes 

recommendatlolls on further research on the tOplC 

4 
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2,0 REVIEW OF LlTERATURE 

2.1 THE TARIFFICATION ISSUE 

The phllosophy of the General Agreement on Tanffs and lrilde (GAn) 15 

that market forces should drive International economlc adJllstrnents Therf' ml"' two 

mam parts to the GATT whlch alm to removo Impedlments to Il1tern;ltlonéll Ir ade 

the flrst one relies on two basIc prlnclplos where (1) ail slqn(ltorll'~ will Iwt 

dlscnmlnate agamst the products of any other rnember ,md (2) they will not ralS(' 

Import tanffs above the agreed levels ThE:' second p,lrt 15 mOIP t'xpliClt 111 the' 

sense that It consists of articles covenng a whole array of tr,tde rl~~t[lctl()11 p()IrCle~ 

(Rude et al, 1992) The article Impor1ant for thls study. I~, I\rtlclp XI thdl provldps 

Insulatlon from international markets for supply rnélna~wd IlldllstriPS 1hls mtlclf' 

prohlblts the use of Import qllotas, unless they are coupled wlth pxport rl~stllctlons 

Tharefore, It can be Interpreted that only Industnes wlth Cl negatlve Ir <lth' balance 

usually Invoke thls article (Rude et nI, 1992) 

Another Important article frequently rnentloned ln the IIteraturC' IS I\rtlcle XVI 

whlch prohlblts export Subsldles except for agrlcllltur;l1 prodlH:ts Besldes 

exceptions provlded by those articles XI and XVI thme are othpr aqrlî,llltlJral 

exemptions provlded by the GA TI treaty The walver proVlfjed to LJrlltf~d ~tales a(, 

a condition to J0ln the member countnes ln 1 955, é1l1ow~, thf' !\nH~rIC(Hl') to hl! 

released from thelr obligations by Irnposlng !mport qu.:>ta::; to proteet tllf~lr farm 

programs for dairy products, sugar, cotton and peanuts lJnd(~r th~~ S(~(,llon 22 of 

the U S Agncultural AdJustment Act Another expmpllon Wf-}C, rHov,df~rl tn Hw 

European Communlty under the form of vanLlblf': Irnport I('vlcs Ihat rH(~ not 

speclflcally prohlb:ted by the GA TI (Rude et nI 19(J2) F Inally, thf~ n!\ T 1 doe', not 

deflne any Ilmlts concernmg domestlc asslstanCE~ 10 aqnLultlJrf': 1\11 Indw,tnrlill'ed 

countnes are hlghly Involver.! ln agncultural support pro~Jr;:)rw, T hu:" hWJ(J <,urplw'J 

from excess production, depressed international pnr.wc> , mtmy trade dlsputw, and 

distortion of production and trade patterns have result(~d (r~llde(Jt al, 1992) 

5 
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The curren'\ round of negotlatlons, wlth the 108 signatones, calls for 

Important changes ln pollcles regulatlng international trade concernlng agnculture. 

one of the la st bastions ln GATT not yet settled by an agreement This round of 

negotlatlons, called the "Uruguay Round", was Inltlated ln 1986 and It Incorporates 

new amas of negotlatlons that were not Included ln the prevlous rounds such as 

service, Intellectual property, textiles as weil as agriculture At the present tlme. 

agnculture 15 still nnt ratlfled by an 8greement and negotlatlons have still made IIttle 

tangible progress (DFC, 1991) 

An agreement among the 108 countnes Involved has not yet come to frultlon 

because of Important pollcy divergences between two major players United States 

and European Communlty (Lemay. 1990) Nevertheless, progress has been made 

and Canada must be prepared for the Implications of su ch a deal Accordmg to the 

GAn proposai. Canadlan agnculture Will face crucial changes wlth regard to trade 

IIberalizatlon For Instance. the dalry indLlstry rankmg second natlol1wlde behlnd the 

beef sector ln terms of total farm cash recelpts, Will face Increasmg pressurefor 

greater trade flexlbliity at the border Figure 1 shows that ln western Canada,beef 

and cereals (rnalnly wheat) are the dommant productions. animai production such 

as dmry, sWlne and poultry production lead ln Eastern Canada SWlne pw,1ucers 

trade heavlly wlth the United States, whlle dalry and poultry productions are not 

export-onented and rely on a supply management structure charactenzed by Import 

and domestlc supply restrictions (Schmltz, 1983) Natlonwlde, dalry and poultry 

represent roughly 23% of agncultural cash recelpts (Lebeau et al, 1990), Justlfymg 

the Increaslng concern towards the recent GA TI proposai that suggests the 

abolition Of the Import quota system 

6 
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FARM CASH RECEIPTS, 1990 
EASTERN AND WESTERN CANADA 

Western Canada Eastern Canada 

total: 10 994.3 (Million $) total: 10 315.7 (Million $) 

beet /YffA~ 
2 5 % v// ...... '///h"l ..... 

cereals 
32% 

FIGURE l' FARM CASH RECEIPTS, 1990 
SOURCE' Canadlan Gram Counci/ 

ri () (J: ) 
tJ<li 
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ln the early 1970's, the national supply management program for mllk was 

establlshed to Incorporate earller marketing programs for fluld and mdustnal mllk 

segments Provincial board" have admlnlstered tluld rnllk programs whll!': the 

mdustnal mllk prlcinq tlas been managed by the Canadlan D,my Commission since 

196fJ Dalry producers' aSSOciations lobbled for regulatory Interventions mall'1lyln 

term~) of In!mprovlnexll !rade barners and national Import quotas (Veeman, 1988) 

To enforce Import quotas, a 'SpeCial provIsion named Article XI 2(c)(l) ln GAn 

allow,> one country to trlsulate It5 domestlc maiket by 1JT1f)oslng an lil1port quota on 

the commodltlcs Irl question as long as It IS coupled wlth domestlc supply 

restrictions Ouotas on bath domestlc rnllk production and d::my product Imports 

were mtroduc()d wlth thf' followtrlg multiple objer::tlves ln mlnd (1) hlgher and more 

stable revenues to producers a~Jalnst the argurnent of weak producer's bargalnmg 

pOSition ln face nf ollgopsony at the wholesale level, (2) minimal government costs 

slnce surplus nlilk are greatly reduced, (3) stable mlik supply, (4) rrJamtenanceof 

the mllk IndlJstry SIZC, U)) rn31ntenance of family-slzed farms by slowlng down 

adJlIstm(-~nts towards larger farms, and (6) dlstnbutlonal eqUity to some extent 

across Indlvlduflls and reglons (Banchello, 1981) 

As a result of the costly prlce and subsldy wars between United States and 

European [conOITlIC Cornmunlty (E E C) agncultural ex ports (Lemay, 1990), the 

GATT has come up wlth <1 tçmfftcaltQIl.P..lQPQsal touchmg four mterrelated areas 

(1) Import élccess (2) export SLJbSldles, (3) Internai support, and (4) samtaryand 

phytoSélnltary meZlsure~, The proposai IS an attempt to allevlate trnde barners 

among trcldlrl~~ countnes by replaclng ail non-tanff barners, 1 e Import quotas, for 

the déllry II1cJustry wlth tarlffs calclJlated as the dlfference between the domestlc and 

the world prl\-:c dur In;l the base pCrlod of 1986-1988 after ail transaction costshave 

b~en consldered Such tanffs will be gradually reciuced glven a phase reductlon 

scherne The tanft redudlan proposed under the GATT calls for average tanff 

reductlons across ail agncultural products of 36 percent over a slx-year penod 

(1993-1999), 1 e 6% per year The mlllilnum tanff for an Indlvldual product IS 15 
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percent Smce the 36 percent IS a simple average across ail agncultural 

commodltles. Canada may declde to apply the mmlmUIll reduetron tarif! of 15% for 

hlghly protected goods IIke démy. provlded there IS an otfsettll1g p('reent;~çw for ttlf' 

other goods Involved ln addition. ail clauses restrlctmg ~lÇFlcllltllralln1r1cHtsas weil 

as 8rtlcle XI. the eornerstone of supply m<lnagement III C,m,lCi.l. Will bl' t'llIl1l1111ted 

As an adJustment penod dunng the phdseo reductlon schedulf' ttll' United States 

have envisaged taJIf:f-ral~.Ql1_QtQ~ (Moschlnl. 1991). after thls pCflod, tilt"' rl~Sldll<11 

method of protection would be a b_QWld 1auff 

An Important problem concernmg tarifflcatlon anses as non-eqlJlvalencp 

between tanffs and non-tanff barners because of IInperfect competition ln Illlportrnn 

countnes, pnee II1stablllty ln both Importlrlg and exportlng cOllntr IPS. ,md InefflCIf:mt 

allocation of quantitative restnctlons (Moschlnl, 1991) ThLl~}. approprlatp pqlllvrtient 

tanffs cannot be solely computed on the bélSIS of PfIU) di1fpH-'!lCf>S bl'tWf'Ul 

countnes Tanff-rate quotas are meant to he a tran:;ltlonal t()ol~) for t.Hlff 

Implementation, howew~r, they are not 'Nldel,! adoptf'd a~~ ,1 UHTlfTH'rClal pollcy 

because of greater administrative burden to f~nforce hoth tdfltf p<lynH~llI'-, and quold 

IImlts (Moschlnl, 1991) Figure 2 dlsplays the tanff sche(jule ;]C, a stcp fUflctlon r he 

tanff rate syster reflects the Amencan position Involvlngonc quota level élnd two 

tanff levels ln-quota and over-quota tanffs 
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Tariff-rate quotas 

Priee 

/ES2 

/ 
Pd 

ES 
Pw 

ED 

X Qusntity 

a) ln-quota tariff 18 binding 

FIGURE 2' TARIFF-RATE QUOTAS 
SOURCE Moschlnl, 1991 

Priee 

ES3 

ES 
Pw 

ED 

x Quantity 

b) over-quota tar 1ft la bindlng 

LEGEND: 

Pd: domest ie priee 
Pw: world priee 
ED: excess demand 
ES: no-tariff exeess supply 
ES2:in-quota exeess supply 

1 ES3: over-quota excess suppl 
1 X: import quota L _ __ _ __________ _ 
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This 15 illustrated ln a partial equdlbnum framework wlth Huee dlfferent 

excess supply curves one for the ln qUOLl case(ES2), ont:" for tilt' o'ver-quot<l 

case(ES3) and the onglnal no-tarlft excess slirpIV(~'=S) bClfl~ thf' Impoltlllq country 

ln thls scenano over qUOt~1 tanffs 3et ëlS II sZlfE'DlIdrd whell ttll' qu;mtlty Illlpnrlt'd 

exceed the specifiee! Import qllotas fht'retore ()Vl'l qUOt,l t.Hltt~; ,lit' \lIt\,ltpr thdll 

rn-quota téHlffs C:;I'vt"r1 thl-' two Lmftc.; (both drf' ~ld v:llor l~rn tdl litS) ,111(1 HE~ Illlport 

quota the effec:tlve exces~) supply 15 glven by tht' bold portloll IIllklflq tlll' two 

excess supply ClJrves The Implications of tZlfIff réltp qllot<lS cleJ,lpnd ()f) wht~rt' the 

effective excess supply(ES) and the exœss dernilrHi(r: D) ot tllf! 1,'lportlllçJ country 

rntersprt It IS worth notice, here, th,lt SLJch él taflff rdle system d()('~ flot put ,Ill 

absolute celilng on Irnport volumes Figure 2(él) and (l)) mflect blfldlfl~llfl '1110\;1 and 

over-quota tanffs, respectlvely The ImrllC<ltlons dhollt tlH' conversion ()f Hllport 

dalry quotas mto tanff-ratp qUOL_1S valy aCl:ordlng tu tht' ITH:Illod t'fllployed ln a 

Situation where the quota will be flxed al the obsprv(!d k~vpl ()f Ifnports ami the 

computation of the over-quota tarlft I~ bdsed on ttlt! obser\lcd Pll( t' qclp lor d H!Cent 

penod, the ln-quota tanff will be bmdlng It thE> observed prle(' qclp hf'lWf;{'1l trddlllq 

countnes overstates protection oftered by Imporl qllO\V~) C()nv(!r',(~ly, over quota 

tanffs are bmdmg when the prlce gap llnder~)t(]te(> the r, rnh!ctloll f'r ovl'lpr! hy tho~,e 

Import quotas 

After the conversion process, the next step Involves a gradudl decrease ln 

the over-quota tarlff and an Increase of ttlf:! quota level over the qlven tantf 

Implementation penod ThiS will lead to a unique reduced ln-quota I,wff, w; Ibf! 

remalnlng quota IS ellmmated (Moschlnl 1991) 

tlt.oschlnl and Mellke (1990) have studled the Impf:Jcts of tanffJcatlon Witt! 

supply management III Cani1da on the speCifie case of U S Canada c:hlcken trad(~ 

The authors Investlgated the Impacts of (1 )Iarge and (2)smal1 tanfb on Ihn cllicken 

rndustry ln replacement of Canadlan Imporl quotas The re'Jults fOUI'> r)f1 two 

categones of equlvalent tarrffs exhlbltrng dlsslmllar conseq uenu:', Pncc-
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preserving tariffs (1) refleetlng the aetual pnee dlfferenee between the U Sand 

Canada, keep the domestle priees unehanged fram the aetual quota system, but 

drive the Imports down ta zero On the other hand, import-preserving tariffs (2) 

preserve the current levels of Imports but substantlally deerease CanadJan ehlcken 

pnees Regardlng the tanff magnitude, results showed pnee-preservlng tanffsto be 

roughly three tlmes the Import-preservlng tanffs, 1 e 40 % and 15 % (based on 

U S pnee), respeetlvely These flndlngs for the ehleken mdustry provlde a useful 

benchmark for other major supply managed mdustnes ln Canada, IIke the dalry 

mdustry 

Canada, as a major agneultural exportlng nation, IS ln a ol~lcult position On 

one hand the country IS 111 favour of a proposai ealltng for trade Itberallzatlon that 

Will eltmlnate the world priee war for agncultural commodltles, casting billions of 

dollars to Canadlans E:.xports of onmary resouree eommodltles are Important to 

Canada beeause of ItS hlstorlcal positive balance of trade regardlng agncultural 

commodltles such as cereals and OIlseeds, beef, and park Therefore, these 

sectors sutfer fram such trade distortions On the other hand, other predominant 

sectors of the Canadlan agriculture IIke eggs, poultry, and dalry productions have 

based thelr structure on a supply management where Import access 15 very Irmlted 

T anff conversion applled ta these Insulated sector5 of the economy would Inltlate 

fundamental changes ln the structure of Canadlan agnculture 
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2.2 INDUSTRIAL STRUCTURES 

2.2.1 CANADIAN DAIRY INDUSTRY: 

The CanadléHl communlty declded, through Its polJtlcal deCISlon process, ln 

the early 1970'5 to put ln place a centrallzed decision systPr11, [T hl' Nlltlonlll 

Marketing Board System], whlch has regulated the démy mdustry Sillet' Irlltl<llly, tlH' 

central system was responslble for allocatJrlg proVlflCkll ',tl<ue of thelnclustr!<ll rnilk 

production, where ln turn, each province was allowt-:d tn clloosf' It~ own systt~nl of 

reallocatlotl tQ ItS producers Some provinces chose d centrall.lpd or ,1(ll1l1l1lstl,ltlve 

system for quota allocation However, Quebec élnd Ontario hdve chost~n {lqllot~l 

market for allocatlng Its provincial quota shllre to producers The Nêltlonal 

Marketing Board System has had junsdlctlon 011 mllk production formdustrialust' 

only, whereas mJik production for fluid mllk purposes WdS ('~;tclblJsht'd llllder 

provincial junsdlctlon Interprovlnclal fllild mlik trélde 15 prevented, h!~CalJSf~ tlle 

quota system was established as an rncentlve to provlncldl self ~dJtflcl(~ncy 

The II1ltlal allocation of rndu<,trlal mdk quota to provlIlces Wd<, ba~,I~d on the 

b!gJ:lesj of the followlng two amouilts mlik dellvencs dUlmg the tlscal yeil! 1 ~)G9 70 

or the subsldy ellglblilty quota For subseqLJ~;nt mcmases or dCC;lf~a~(JS ln the 

national quota, each provlnce's quota allocation was mndlflcd ;I(;c;ordlnq to Ifs 

share of quota ln effect at tlme of changes [However, sorne of thp Ic)Wf~st -share 

provinces have recelved sorne speCial allocations or beneflt'~ to ler;scn the 

dlsadvantage of belllg small] These allocrltlon éld]lJstments have b(;{;1l based on 

population Variation, reglonal per caplta consumptlon, H'9lonéJl mark(~t r](!(!ds, prlor 

quota utillzatlon, and comparative advantage However, III préJCtlŒ, P!()VIIlCe~; h(w(~ 

not been able to mutually agree on the w(~lghted vaillf; attrrhuted to ei-lch of the 

above factors Consequently, allocation was declded by ad hoc decISIOn~., made 

through subsequent negotJatlons Iflvolvlng parties of the ten provinces ln orderto 

allocate mllk prad uctlon Ilcenses (Prou lx and GOUin, 1989) 
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ln Canada, Mllk production IS concentrated ln Québec and Ontario 

Concentration patterns ln favor of Québec and Ontano were observed before quota 

Implementation ln the 70's This dynamlc pattern has been slowed down because 

of the dlstnbLJtlonal equlty effect of quotas, but they are stlil the leadlng provlIlces 

ln terms of mllk production 

1 ABLE 1 DISTRIBUTION OF MILK PRODUCTION BY PROVINCE 

Canada: DI ~)triblJt IOIl 0 f F CH ms no porti ng 18 or More Dalry Cows 

and Milk PIOcJuctlon, 19nG or 1988 

-- - ------ -- -- --- --- --~- --- - -- -- -- -- ----- --.-- --
1908 19BB 1909 1986 

Flul<1' Illd\l~tlla(l Total' o~ 01 Number %01 

eU,:!,!,_lr)I,\! ___ ~_I~L __ ___ JIl!1 ___ __ JI~I) ____ Production QLfarms Farms 
Contrnl --

OntarIo ON 10,21\5 15,1GO : 5,4 13 33% 11.787 31% 

Ou('bl1c OU - -~~]~- 22,001 29,0311 39% 16,252 43% 
------- --- ----- ---- -- ---

Centrai Total 17,203 --~~~~ 55,251 72% 28,039 71\% 
------ ------- -- ------ ----

Manlullo --
Nl'wlO\H1dl,IIHI tJf 180 0 100 0% 0% 

tlova ;,cnlla NS 1,157 645 1,802 2% 711\ 2% 
New Hllrrl~WIC k NB 695 681\ 1,380 2% G28 2% 

PIIIIC(> r dw,lld Island pr: 11\3 8G3 I,OOG 1% 752 2% 
------ ------- --~ ---- ---- ---M,Hlllln!' T IJI,tI 2,176 2,193 ----~,~~~- 6% 2,114 6% ----- ------ - -------- ----

Wn"t -

Mallllol!a MA 1,173 1,938 3,111 4% 2,43? 6% 
Sa<;kal( Ilpwall SA 903 1,360 2,343 3% 1,825 5% 
AIt)(,lta AB 2,602 3,332 5,934 8% 2,489 7% 

RJlli~11 CoIIHIlIJm OC 3,172 1,833 5,005 7% __ ~O50 3% ------- ------ ------ ---Wf'SI fol al 7,930 8,463 16,393 22% 7,796 ?1% ------- ---- ----- ----- ---
Call,lIla CA 27,388 48,624 76,012 100% 37,949 100% 

=--=-~-=-= ===-~ 

1 Sland,\ldlzod to 3 6 kg butter laI rN hl 
- - --- ---------- - ---
SOUILO 1906 Conslis of AOIILlJIIIIIO, Slallsilcs Canada 

SOURCE Pnce WaterhoLlse, 1991. 

For the penod 1983-87, Québec and Ontario possessed, respectJvely, 47% 

and 31 (% of Canadlan Ind ustnal mllk quotas (Proulx and GOUin, 1989) Québec has 

shown the greatest rnllk surplus ln absolute quantltles Since the implementatlon 
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of supply management. Québec, along wlth the Maritimes, has had a tendency to 

mcrease ItS national quota share, whlle the Prairies and Ontallo have shawn a 

decllne (Appendlx 1) 

ln Canada, the Canadlan O,wy Commission (COC) sets a targl't mlcP and 

a support pnce to regulate the pnee for Industnal mllk ln Canada The tdrgetpllce 

IS establlshed based on a cast of production forl11ub that Incilldes rf'tllflls fnr 

labour and return on equlty It IS bélseej 011 butter <1nd sklmrnl~d rllilk p(lwdt~r t,lI~JPt 

pnces (Appendlx 2) Those two products are lillked <1t !Ile prO(;l '<;Sln~ll('vl'I bt-'C<111SP 

one IS the co-product of the other Histor!ca!ly, they have bt;P!l the Iwo prlllclpcli 

dalry products for mllk-fat and solid non -fat cornporll'nh of r;lW 1l1llk Jill' t(H~Wt 

pnce IIlcludes a direct subsldy payment (support pliee) wlllch becnmes thp basis 

for pnclng mllk ln each province Producers' prlces ,lcros~, ttH~ provII1CPS Illay vary 

because they are Imked to provincial prograrns dnd pohclcs 

FIUld mJlk pnclng, under provincial jUlISdlctlon, follows (l Sll111lar pattern but 

wlth the dlfference of costs of production belng speCifie ta each provH1ce As a 

result, bath Industnal and flUld rnl!k prlces are heterogencous aCI()',~) proVlIlces 

These two categorres of mllk refer as POQI l' élnd Pool 2,', msrH~r.tlV('ly ;md haVf~ 

two dlfferent prree schemes F-IUid mllk prlr.e IS hlqhcr thall Illdw,frl<1II'HIC() be(;,lIJS(~ 

of hlstoncal dlfferences ln phytosarlltary rmd darly productlun r(~qlJHPrnp.nts 

1hroughout the year However, production dellvery standards are ~Irecidy Hw SalTlf) 

for bath fluld and Industrral mllk, whereas dlfference':> ln rnilk qlJallly ',I,mdard'-, Will 

be ellmlnated followrng an agreement for Identlcal production ,Hic! prlcrng 

conditions for both pool 1 and 2 by 1996 ThiS agreement takw) ItS SOIJrC(! frorn 

asymmetry ln the ownershlp of quota nghts for pool 1 and pool 2 arnor1q Indlvldurll 

'Pool 1 mcludes fluid rnilk and frpsh CTf~arn 

2Pool 2 llldudes butter. cheese, lce cream, yogurt, sklmmed milk powder 
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producers Increasmg friction due ta numerous factors such as hlstorical hlgher 

Investment made by fluld milk producers, the sklmmlng process of fluld mllk 

affectlng Industnal milk quota, and the persistant hlgher fluld mllk pnce over 

Industrlal mllk confronted wlth Industnal ,li,11( standards resemblmg fluld mllk 

standards Consequently thR Fedér2tlon des Producteurs de Lait du Québec 

(FPLO) voted ln r (111 1991 for a progressive mergmg of the two pools to reacha 

unlqlJ8 qLJot<l and fi Ilfllque blend prlce, accordlng ta milk fmal uses by 1996 For 

the present study Ihls argument IS taken mto consideration where fluld and 

Industrlal mlik producers Will be merged to account for one all-mllk supply 

responst~ Dlstnbullnnal asyrnmetry regardmg fluld and Industnal mllk quotas, even 

If decreaslng, le; still promment ThiS may Imply dlfferent elastlcltles reflected ln 

distinct output responses at the production lever Wlthm each province, fluld mllk 

sllpply almost pcriectly matches the provincial demand through the fluld mllk quota 

that always contams uilused quota m order to match short run demand chcmges 

wlth production adJustments wlthout modlfylng the provincial production quota 

allowance Industrlal mllk however does not malntam such éi ngld tle because 

transformed products can be stored and transported farther distances relative to 

flllid mllk and, contranly to fluld mllk surpluses are exported ' As a result, the 

provlllce of Quebec shows the greatest mdLlstnal mllk surplus and dalry product 

exports to other provinces that are deflclt reglons (Appendlx 3) 

, TIlt' ('an:Hhan Dml'\" CommISSIOn has allowed a chrome surplus to exist so as 
t () II\:-illrt' flll~IlI1lt'nt:-; of dOl1ll'stic rC'ql1lrements WhlCh mdIrectly provide a window 
for ('all,Hh:lIl d:lln t''\ports 
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2.2.2 THE AMERICAN DAIRY INDUSTRY 

The U S Dalry sector IS regulated by two prlce programs TheDairy Priee 

Support Program and the Federal Milk Marketing Order Program Thf' former 

establlshed ln 1941 supports mllk priee ta 75-90% of panty 1 The Commodltv 

Credit Corporation (CCC) has malntalnerl the support pnc(l by purch'lsll1g t'XCl~SS 

butter, chee se and nonfat dry milk trom d,my procc~..,sln~l plclnb dt PrlCt'S 

calculated to permit the processors ta pay the '>upport IHICP Proqr cHll costs 

fluctuated qUlte a bit ln the 50's and 60's. but reacherl very hl~Jh lew'ls III the "lO's 

and 80's ln the late 70's. rl1llk production started to Incred">t ' wlthollt il 

correspondlng Increase ln demand A tentéltlve élilswer lTl(ly he tht' flSP III tlHmllk­

feed priee ratio for the penod 1974-83, callsed by éHl abrupt drop III ~Irdlll priees 

Government costs rose from 0 25$ billion ln 1 Ç)79 to 2~ billion ln HIB7 8J, where 

the CCC purchases represented 12% of U S mllk production III 1982 83 (GAO, 

1988) 

Dalry program cnanges were made, ln the early 80's. to reduce novernment 

costs, mllk production. and government purehases Thp ngld tle betweml Illilk pnw 

support and panty gUldelines was ellmillated so Ihélt pnce~) no lonq(~r InCrCilSe 

parallel to panty (Hammond and Brooks 1985) r or II1;,télrlCe, rr()dllC(~r~1 wer{' 

charged an extra fee per hundred-welÇlht (ewt)1n 19n3 to oHset '"orne q()v(~rnfl1ent 

programs, an Ineentlve Il1llk d!verslon program was IntrodlJced III 15m4 [)esplt(~ 

these adJustment programs government costs and Involvernent Irl th(~ Indllc.,try arr! 

still very hlgh, and the dalry Industry faces addltlonal necessary necded ChélrHje~) 

-Ipanty reflects tht:' current priee level at WhlCh a umt of rndk would havI' tJJf' 

same purehasmg power It hpld between II.) 1 (j- 14, when priees reeelved and paul hy 
farmers were eonsHlered to be 111 good balance 
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The Federal Mllk Marketing Orders (FM MO), the other major dalry prree 

program whlch regulates an Increaslng proportIon of ail mllk sold (70% ln 1983) 

specIfies minimum mlik priees (elass A) pald ta producers ln the 45 geographlcal 

marketing orders of United States The baSIC objective of thls program IS to fulfll 

reglonal flUld mllk demand wlth eorrespondlng reglonal mllk supply pomts 

This program rntroduces the concept of classlfled pnclng enforeed both by 

government <Jnd producer cooperatives, where the priee for fluld mllk (class A) 

depends on Its end lise processors pay a C":lass 1 priee for fluld mllk and 

decreaslng pnees for mdustrral mllk Class 2 and 3 (Table 2) Only MarketIng 

Orders can deal wlth fluld Jlllik for producers wantlng to sell through a FMMO, they 

must satlsfy mmlmum condItIons wlth regard to phytosanltary measures and wlth 

mHllmum productIon flow dellvered ta the plant Wlthln each marketing arder, there 

are four priees of Inereasrng magnitude Mrnnesota-Wlsconsln pnee, class III, Il, 

and 1 priees A pooled priee IS also computed and IS pald to class-A approved 

producers (elther pooled or non-pooled), thls pnee IS hlgher than the Wisconsln­

Mlnnesotél U S base pnce (grade B) for processed dalry product.; Fluld mllk pnces 

dlffer ln each rMMO, while manufactunng mllk prlces, based on the Upper 

MldWest C;rélde B mllk priee are more unlform natlonwlde' As opposed to the 

Canadlan system, fluld rnllk purchase 15 allowed between marketmg orders but, as 

long as costs of purchases and transportation from alternative sources arelower 

than wltllin tl1e mllk purchasers' home arder 

, Tht' abo\"(' pncmg fivstpm dops not npply for PacIfic states Western milk 
pnclng lfi dlirt'n'nt l'rolll 1I11lk pncmg aIl the east side of the Rocky mountains 
Cal1fonll:l, t IH' hlggt':-;t supplH'r on the wpst coast. lS not coven~d Ly a FM110 but it 
rat ht'l" has Ils own mIlk pnCl11g fi~'stpm Fnnge l1ulk produclng states geograplucally 
cl(l~t' to ('alIf'll"llla are thus IIlfluel1ced bv !ts pneE' structure 

18 



• 

• 

• 

TABLE 2: Mode of paymp,nt - orQcessing plants to produçers 

type of 

producer. 

pru:. p., .. 
10 producut 

(welllh ,.d ••• r&1I8) 

,clae.I'led prlclng, 

! •• I •• '.ted by ' .... 0 

priee pSld by 
procep81ng plants 

---------------------+--------------~----------------

pooled producera 
class-A-approved 

1 cla •• , 
1. 

L:utillution 
- cooperative. 

---~ 

clae. 2 

" utillzation 

fluid mllk 
(hlghesl priee) 

yogur t. Ice cr",~m 

sour cream 

independant 
producers 

class-A-approved 
Cl ••• 3 

" utillzation -
cheddar cheese 

butter. othllr cllaese 

sklmmed milk powder 

non-pooled 
producers --_. M-W ba.e prloe •• 

~1.S8-A-8pproved ----------------_______________ _ - non-DQQI9~~nu 

ail dair y pro·jucte 
except fluid mllk 

non-poolad 
producera 

clasa-B-approved 

SOURCE: GREPA, 1987 

lIowest prtce) 

• Federal Mllk Marketing Orde, 

•• MlnneeOla-Wieconain ba., prlce 
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U S producers do not recelve the pnee proeessors pay but a blend 

pncewhlchls the average of fluld (class 1) and manufaeturlng milk priees (class 2 

& 3) welghted by the proportion gotng for each purpose wlthln a glven marketing 

order Prlce supports and marketing orders thro'Jgh c1;1s~Aled pncmg' are two 

dlfferent reqlJlatory structures dealtng wlth the sa me Industry Even though they 

were not deslqned 10 work together they affect each other It has been sald that 

marketing orders hewe promoted self sufflclency ln mllk production at the expense 

of dlscouragmg compamtlve advnntage Therefore pf/ce support program become 

very ImportrHlt from the vlewpomt of low cost areas Wlthout marketing orders, low 

cost reglons wCJuld sene! more flUld milk ta hlgh cast areas, resultlng ln hlgher 

blend prlcr' for low co">t producç:;rs slnce a greater rroportlon would be sold as fluld 

grade mllk T Ilerefore, one rnethod ta compensate these low cost producers has 

been to méllrltélln a rclatlvely hlgh support priee ln these areas by purchasmg, 

throll~Jh tll(' C()mmoolty Credit Corporation large quantltles of dalry products at 

that prlce (Hamrnond and Brooks, 1985) Conversely, the argument for low cost 

prodLJcers aprly equally weil for hlgh cost producers, where Federal Mllk Marketing 

Order program IS a key aspect ln prov'dlng priee protection agatnst product 

movement ongmatmg tram low cast reglons 

Slrllllarly to the Canadlan structure, dalry production IS very asymmetncally 

dlstnbuted across United States Accordlng to Table 3, mllk surplus 15 

concentl <lted ln the northeastern part of the country New England, an hlstorlcal 

leéldlllg d.:mv reqlon and the Great Lakes reglon, currently the leadlng dalry reglon, 

are hoth closp.ly located ta the Canadlan most Important dalry reglon belng the 

provtrlce of Quebec and Ontano 

('A pnclIlg S:vstplll undpr whlCh the prIeE' of milk depends on the use made of the 
nulk Ihglwr IHïepf; an' dwrgpd for mtlk USE'd for flmd purposes 
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• TABLE 3 DISTRIBUTION OF MILK PRODUCTION BY STATE 

United States: Distribution of Farms Reportlng 20 or More Dnlry Cows 
and Milk Production, 1987 or 1988 

-
1988 1907 

Production 1 <\." 01 NUlTlbpl 0,0 01 
SI ale __ D2!L - f r9dtlctlf)ll 01 F,\IIIl<; Fnrrm 

L '1ke Slates --
Michigan MI 23,030 <1% 4,905 40/0 
Wisconsin WI 110,128 170/0 32,070 2,1% 
Minnesota MN 45,871 7Qu 14,629 t t % 

--~--- - ~ -- -----
Lake States Total 179,029 281)-0 52,404 38% -------- ----~ -- -- -

Corn Belt--
Iowa lA 17,797 3% 5,nO 4'l'o 
t-oISS0UrI MO 13,~15 2% 3,9Gl 3% 
illinOIS IL 12,356 2% 3,094 2% 
Indiana tN 9,841 2% 2,649 2% 
Ohio OH 21,079 3% 5,656 40/0 ----- ---------- --- -- -

Corn Belt Total 74,288 t2% 21,000 15% ------- --~----

Northeast --
Pennsylvania PA 44,950 7% Il,872 90/0 
New York NY 50,412 8% Il,722 9% • Connecticut CT 2,383 0% 437 00/0 
Rhode Island RI 172 0% 47 0% 
Massachusetts MA 2,031 0% 509 0% 
Vermont VT 10,574 7% 2,409 2% 
New Hampshlro NH 1,339 0% 323 0% 
Main/"! ME 2,831 0% 779 1% 
Delaware DE 595 0% 93 0% 
Maryland MD 6,357 1% 1,318 1% 
Nrw Jersf'y NJ 1,744 0'1'0 412 0% ----- ---- ------ - --- - --- - --

Norttlea'it Talai 123,344 19% 30,001 2;>% 
----~-- -------- -- - - - ----

Total Tllree RegIOns 376,661 59% 103,4B5 76% ------ ------ ----

PaCifie --
Washington WA 17,471 3% 1,3f,Q 1% 
CalilornlU CA 81,966 13% 2,519 2% 
Idaho ID Il,577 2% 1,544 10/0 ------ ------ - -

Pacille Tolal 111,014 17% 5,432 4% -------- ------ --
United Stales US 639,413 100% 136,300 100% 

:-=-::.-- ~=--:::-- -- ---------

1 Slandardized to 3 5% butter Inl per III 

--- --- -- - -- - - ------- ---- - -- ---- ---
Source 1987 eerlSUS or AyficulllHf', lJSDA 

SOURCE Priee Waterhouse, 1991 
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However, It IS Important to dlfferentlate between production and net surplus 

Callfornla 15 a big mllk produclng state, but less Important ln terms of net surplus 

For the sake of thls study whlch Investlgates pc.tentlal tradmg patterns among 

reglons, the fr)cus IS on net surplus reglons and thelr relative proxlrnlty to Québec 

and Ontario (Appendlx 4) The Northeast, the Great Lakes, Québec and Ontario 

are bath Important mllk produclng and mllk surplus reglons Mllk deflclt reglons IIke 

Southeast U S and the rest of Canada will also be Incorporated ln thls study slnce 

they play ar. Important role ln the consumptlon of those mllk surpluses 
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2.3 TRANSPORTATION 

Net surplus and deflclt reglons bnng the transportation Issue ln the 

foreground Transportation of dalry products allows mllk surpluses 10 bt:'" rnatched 

wlth deflclt reglons The magnitudes of transfer costs sel Iht' 9co~lr"ptll(, IOclltlon 

of market boundancs between reglons howev(~r the fcmqes ot tr,1I1sft'r co~ts lHt' 

characterrstlc of dc=my prad ucts Metzger (1 ~)R2) InVl'stln(l11~d tlH' (.()st 01 

transportrng dalry products, namely fiLmi mlik, uuttt'r élnd ln' CrPdll1 tor V.lrlOLJS 

distances, loads, and truck uses for Northl'aslern éH1(j Mid I\tl,mtll <;t<ltt'~, TIlt' 

regresslon of costs per hundrcdwelgllt (cwt) of dalry product IlldICdlt)(j tlld! (h~t,HlCt' 

and truck use, and not truck load arcounted for rnost Vdrlcltlun<) Irl hllllllllq costs 

ln terms of flxecl costs, bélse rentai was the fHII1ï.lrdl Itt~lll, thl' !J,lldI1C(, bf'llln 

rnsurance premlums, whde fuel accounted for rnost of tilt' vrlll,lbic costs 

Projections for 1985 and 1990 were made based LJpon relltal ln sur ,lIlet' l,ltp and 

gasoltne priees to rnerease by 1 O(Yt) annually, and .111 otller costs to II1creélSf~ by5('l;" 

ail at simple annual rate 

Metzger(1982} has Investlgated the rnost frequently w,(' mode 01 

transportation for dalry products, truckmg, but doe<; Ilot mnntlon dereqllialioll élnd 

ItS Impacts on dalry transport costs Swp.cney( FJ8G) hél~) rnadf' ;\ tllOrolJqh 

deSCription of deregulatlon ln the trélnsport3tlon rndllstry I\u:ordlnq tf) tlli: ,llllhm!" 

It IS Inaccurate to say that the motor (,~HfI(~r Indw,try Wc!', rr:qlJlatf;d hy !tH' Motor 

Carner Act of 1935 and dereglJlated by lb 1 ~J80 Vf:rSIOrl ()vc:r hrllf 1111' Hlt('r~,tal(' 

trucklng rndustry ln 1980, wa<) not regulatcd by trH: r crier'!l (j(JI/prnrrH 'nt ,myway 

Indeed, haullng of agrrcultural cornrnodltles WélS not reeJlllalt:d f:XCf~pl ',élf('ly 1 ~H' 

Mator Carrier Act(MCA) of 1980 bas ellrnlnated or chf-mqpd il <-,IJb',I,Hltldl d(>qn~(! 

of Interstate Commerce Comrnlsslon(ICC) requltJllol1', h()Wf:V('r ',rmlf' ;)',pr;rJ of 

mator carner operations were added to Ils jurrsdldlon Conu~rnmq aqrlclJltwf! thf! 

MCA ln 1980, set rules that still mamtalns c,lgnlflcant frelght ')(;rVIU!~, 10 tH: 
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exempted fram the Junsdlctlon Of the Interstate Commerce Commission Articles 

of potentlal Influence for dalry product transportation are as follows 

1) vehlcles controlled by a farmers and transportmg agncultural commodltles, and 

2) transportation of agncultural commodltles (other than manufactured products 

thereof) 

Henc.e, transport at the production level IS still not regulated by the 1 C C 

but It 15 50 at the processtng level Contranly to the trucklng mdustry, the rallroads 

exemptions cover a much wlder field ln agncultural commodltles transport For 

Instance transport of butter, condensed and evaporated dned mllk cheese and 

speclalty dc:my product<~ and processed whole milk as weil as ail farm products 

except few Items are speclflcally exempted trom regulatlon So the deregulatlon 

Issue ln 1980 WilS not cntlcal pOT su Sorne fields were effectlvely deregulated, 

sorne werf~ refJlJlah~rl and others Ilke agnculturfil commodltles baslcally remalned 

almost unreglJlélted As a result, Metzqer's research on dalry transport casts wlth 

projections for 1985 and 1990 can bp used, althougr wlth caution, for movtng mllk 

and dalry products across the reglons con$ldered ln thls study 

Regardlng eastern Canadlan reglons, Québec dalry products(flUld mllk) are 

transferred tram thp proc:essmg (pasteurlzmg) plants to retall markets fallowlng 

three braéld types of transportéltlon Flrst. transporter5 fully Integrated by daines, 

second mdppendent workers pald by commiSSion trom dalrtes(trucks still belong 

to the rJatry), élnd Hmrl mdependent drtvers representlng 10°;() of the market ln the 

provlflce of Qucbec, the cooperative Illovement 15 weil establlshed and speclallzed 

FoliowlIlg hOrlzentéll r:oncClltratlon, clairy cooperatives are also concentrated and 

vertlcally Inte~l r ated Into dcllfY JJroducts transportation Interprovlrlclal movement of 

r!;:wy products élliows sorne degree of competition wlth Ontario transporters such 

tl1at per unit costs of trclrlSportatlon between Québec and Ontano are very slmllar 

under equlvalent conditions 
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2.4 NETWORK MODELS 

2.4.1 GENERAL: 

The trend toward globallzatlon of trade ln 2gnculture 15 atrcLlOY Hlitiated ëllld 

the dëllry mdustry cannot avold thls trend The purpose of UliS sectlOIl IS to rl'Vlew 

developments ln rnodelling and forecélstlng North AlTlenc(1Il él(J[ ICUItUrell Il adt'. and 

to apply these flndmgs ta dalry trade The present section éllln5 at slllvPvmg tr adp 

models and dlsplaylng the perspective between thern and wlth the model (llHi HH' 

solution algonthm to be ln thls study 

The essentlal objectives achlevable wlth trade Illodelling are as follows. flrsl. 

to clanfy trade linkages between Canada and USA ln an Increasll1~lly corllplex 

and Inlerrelated world agrrcultural economy For thls purpo~e, network Illodels call 

contnbute to fllimg the large knowledge gdp ln the nature' of qlnblll 

Interdependence and to Identlfy current and emergmg probleln<, III wcrld 

commodlty markets The second objective IS to test the theory s"gqC~tlllq whlcll 

vanables should be Irlcluded ln a model These quantitative h~(;hnlqlJ('~> ;ue llsed 

to compare the theoretlcal framework agarnst rCéll world datd ,. he tllIlcl ohJ{!(;tIVt~ 

IS to provlde useful forecasts policyand program analyses as weil as projC'ctlons 

for policy and decisionmakers (Thompson, 1985) 

Thompson 's survey of agrrcultural trade models provldes a solld c:omparatlve 

appralsal of spatial models as weil as a descriptive analyslS of two alternative trade 

models non-spatial and trade flow models Anderson of ni (1 DW)) Jlrovld(~ CI 

complementary approach by categorlling Ilrlear spatial models ;:y., traw-,port<ltlon, 

transshlpment, and asslgnrnent problerns Thompson (19a~)) dl',C!/,,',f!d two 

wldespread algorrthrn structures used by transportéltlofl model') Irrl!~éH and 

quadratlc programmlrlg Figure 3 denotes the dlff(;rent agricultLHi11 tradf! model" 

currently use and how they relate to each other ln section 24, thf~ ~-,urv(~y made 

by Thompson (1985) Will dlscuss NON-SPATIAL, SPATIAL. and TRAU[ rLOW 
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rnodels UNEAR vs QUAD:·~ATIC programmmg ln spatial models will also be 

dlscussed ln vlew of the clasSification made by Ande:rson (1985) ln section 2.5, 

empmcal work will be surveyed for (1) IInear and (2) quadratlc transportation 

models, and for (3) IInear transshlpment formulations It will be achleved wlth the 

United States Dalry Sector Simulator (USDSS), the Canadlan Regional Agrrcultural 

Model (CRAM) and the Generalrzed Transportation Problem (GTP), respectlvely 
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2.4.2 TRADE MODElS 

The present sectIon accompltshes two Interrelated objectIves Flrst, to make 

a revlew of Thompson's comments on tmde model, consldenng thelr temporal 

arder of uevelopment and thelr appllcatlorls to agncultural trade, and second. to 

provldt~ Gommon ground for comparmg the quadratlc spatial model to be used ln 

thls study wlth othcr models applled ln agncultural eommodlty trade Compansons 

wlth other classes of models provlde a better bé-lckground the selection of GTP for 

measunnq h(~ Impdcts of tanfflcatlon on mlik production Charactenstlcs leadlng ta 

thclr advant~l~Jes and shortcomln~Js will be concisely élddressed For spatIal 

model';, dl~tlnctlons between LlNEAR ard OUADRATIC algonthms will be 

appralscd T he diScussion (llfdluates the appropnateness of spatial theory ln vlew 

of alternative rnorJels' theory The next section will revlew emplrlcal work performed 

ln the field of démy tr ade whlch provldes a solld benchmark and situates the 

pre~ent study concernmg Ils Implications and eapabilltles ln analyzmg trade 

potentlal for dally prodllcts across the USA and Canada, markets presently 

hlghly requlated by trade bamers 

A relevant technique to analyze the tanfflcatlon problem IS provlded by the 

network or spatial modelling structure The solutIon technique used by 

U SDSS(transs I1lpment). C RAM (tr driSportatlon) and G TP(tran sportatlon) mode Is 

allow reglo!1nl pnee charactenstlcs and thelr Interrelations ta be captured bythe 

model The c~ltegorle~ of agncultural trade models to be dlscussed are TWO­

REGION l110dels élnrl MUL TI-REGION models further subdlvlded Into non-spatial, 

spatial. and trade flow or market share models 
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2.4.2.1 TWO-REGION MODELS 

The structure of these models IS dlvlded ln two parts the reglon ollnterest 

(usually a country), and a second, often called Cl reSldllal reglon 8a:~lc,1Ily, the 

approach 15 a domestic market open to international triHil' [ven thollqll thl'y ,lit' 

the simplest form of network models, they do contaiT) export U('ll1dlld .lIld lI11port 

supply functlons And they allow for linkages betwl'en ciOIlH'stW: dl1d wOlld prlt't' to 

determme domestlc supply demand and prlces III relation WIIIl \Il!' 1 t 'si of 111(' 

world Two reg Ion agncultural trade models have IUlllted po~,slt)'lltl(,!-> bt't 'dll~e ttwy 

can be used only to analyze domestlc pollcy Issues sinet' tllt~V t'tlllflot .ICCOlJIlt for 

change ln supply 0, demand rRléltlons of olle pnrtlcul,H cOllntry élÇJqrl'q,ltt'd Into tlJ(' 

"rest of the world" reglon Sueh arquments apply t'qlJally wpll tor the dl lclIY',I', tu b(' 

between Canada and USA SlIlce cunsldefiltlofl of more th,lIl IWl) J('qIOI1'.., l', 

necessary to capture roglonal dlspantlGs f1<lsed 011 Hlf' typt' of ,HlclIYC,I" tlH'y 

perform, two-reglon models are not real tradf' rnodels III ttH' ';tllct{\st St-'IlSE' 

because they do not account for dellmlted Import and export flow'>, ttH'y ()Xplélill 

only net trade flows 

Agncultural dalry trade between Canada and USA has to he anélly/(.!d al 

a subnational !evel to capture the dlfferenees among IrTlllortanl nlilk producrnq 

reglons Thus, It becomes necessary to speclfy éI model that ('()II'>ldf~r!, 

Intrareglonal dlsparltles wlthlll each country For théll purpose, two r(-:qJOII', rnod(!I~, 

have achleved very IlmJted success ln contnbutlnq to the obJectlve~, of aqm.lJltwal 

trade modelling Further, they especlally fatl to re<1ch a COIl~,(!rl' ,Il', on OH! 

magnitude of export demand pnee elastlclty for the reglons consldered ( T hornpr .on, 

1982) 
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2.4.2.2 MUl TI-REGION MODElS 

Multl-reglon models emphaslze reglonal dlspantles whlch are captured uSlng 

separate homogeneous entltles to represent the accordlng trading reglons Each 

reglon IS represented by an ex cess supply or demand schedule for each 

cornrnodlty (If deallng wlth rnultl-commodlty models). or by ItS internai supply and 

demand structure accountmg for the reglon's export and Import behavlour 

ln the IIterature revlewed. three basIc classes of trade models conslder 

multiple reglons These are non-spatial models, spatial r,lodels. and trade flow 

and market share models Although some models treat nore than one commodlty 

slrnultaneously. most of them deal wlth one commodlty at any glven tlme Multiple 

reglon models. take the aggregate "rest of the world" reglon and dlvlde It mtotwo 

or more reglons 

The above three models requlre emplrlcal estlmates very simllar to two­

reglon models nevertheless. multHeglon problems dlffer Hl the nature of the pnce 

linkages between trading reglons and ln the mathematlcal procedure to solve the 

problem fhe solution procedure fo. each of the three multHeglon algonthms 

Imposes a ulfferent sd of restrictions on the behavlOlJr of the variables 

endogenl7ed ln the model 1 hus. these dlfferences affect the ablllties among the 

three classes to answer one or more of the above clted objectives of agncultural 

trade modellmg 

2.4.2.2.1 NON-SPATIAL PRIeE EQUILIBRIUM MODElS 

This type of model, the simplest of multHeglon models, 15 a partial 

equlllbrium model Ta treat trade relatlonshlps between reglons, they assume a 

global market to clear through a world priee level determlned simuitaneously by 

supply and dem;:md balance among ail reglons Nonspatlal mode!s pravlde world 
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market-clearing pnce and net trade flow fOI each tradmg reglon but nuthlng on 

source-destination trade flow Models of thls sort are furttlpr categorlzed as thret: .... 

subclasses A first subclass assumes one global Jllarket-ck'_mnp pr I(,P <lt WlllCtl 

ail International trade occurs where It completplv ~lbstr ,lets dlfft'rplltr;ll priees 

assoclated wlth frelght rate ln the second subclass (,oll;l1lodltv Pfll-l'~ Hl {lll but 

one reglon (base reglon) Hl the model ,ue Irnkpd thlough tré.lIl~port,ltloll cosls tn the 

remarnrng reglonc; The thrrd subclass links prrcps through tr <1nsporl c()sl~ drl1()n~l 

tradrng partners Although thls subclass eO'lc,lders spatial patterns of prJ('('~) It do('s 

have one substantlal dlfference WIIIl spatial nlodels Il only UCIlPr cltps net tr .Id(' 

flow for each tradrng reglon as opposed to source-destmatlOn triHIl' flow 

endogenlzed ln spatial models Although tarlffs schedules Gll1 b(~ easrly 

mcorporated nonspatlal prlce equlllbrrun1 models tend to hélVP élll C~xél~Jgerclt<'d frp(> 

tr~de blas (Thompson. 1982) Some Important contributions of thps{! rllnd(!ls hav(' 

been made to reflect the polley envlronment. howevcr nonlilrlff h(HlI('r~) Hldt 

predomrnate ln agrrcultural trade. are more dlfflcult ru Pl1doq<'TlI1P 111 r1(Hl~,patlrll 

models as opposed to tarrft pOllCI8S Thompson (1~l8~) ln 111~) ~IHV!'y ',Iéltt", tllal 

non-spatial priee equlllbriuni rnodels fOCLJC; on mode! ('r)(~clflcéltl()rl clrld sollition 

technique rather than on the emplrlcal content Non ~;pall(ll prlc (\ f!qlllllbrllHn 

models carry an excessive free tr8de Vlew ln reallty ail eountrH!~) Illt(~rV(!rH! III tl!ulI 

domestlc agrrculture. whether é1S Import or (~xpnrt subsldl(~s ~,r)(lLlfIC or VéHldtJlf> 

tarrffs. or as Import quotas(the most wlcJely ut.;ed re<~trl('tlon rndhocl) 10 pr()vld(~ 

some form of protection Su eh polrcy rnterventlons whlr;t1 still permit tradc' tooceur 

but rn a dlstorted manner must be rncorporated Into tré1de model', 

One of the most Important contrrbutlons of non-spatlLiI prrcf' eqlJrlltHllJrTl 

models has been the analysls ln whlch world market rmce shoeks are transrTlltted 

to the domestrc market througll a polley reélctlon functlon or priee transrnlS<,lon 

equatlons ThiS 15 rln Important feature ln whlch nonspatl81 multlplf] rf~qlon mod(;ls 

are an Improvement over two-reglon models 
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2.4.2.2.l SPATIAL PRieE EaUILlBRIUM MO DELS 

This IS the most common class of agncultural trade models. especla"y for 

comparative statlc analysis to measure the effects of changes ln a partlcular pohcy 

Thelr dlstlngUlshlng feature compnses trade flows and market shares as 

endogenous variables Prlces, accordmg to spatial equllibnum theory, are linked 

only to those pairs of countnes actually trading wlth each other 

Simllar to nonspatlal models, the data reqUirements are internai supply and 

demand schedules or eXj:_JtJrt supply or Import demand schedules for e3ch trading 

reglon. mformatlon on ail poilcy variables, transport3tlon costs, and exchange 

rates The basIC' dlfference Iles ln the solution technique Most common spatial 

pnce equllibnum models are formulated wlth linear export supply and Import 

demand sctledules ar,ri they are solved by quadratlc programmlno 

HlstorJcally. the special structural problem that was flrst analyzed was the 

IlOear transportation problem. a partlcular category of network models Such 

models exlllbit a speCial structure that can he used ln the construction of effiCient 

algonthms for thclr solution (Bradley et al, 1977) The search for an effiCient 

solution procedure for thls problem resulted ln the flrst wldespread application of 

Imear programllling to problems of Ifldustnal loglstlc~ 1 he Important feature that 

a"ows 5uch efflclency 15 the Simplex algorlthm allows subtractlon wlthout the need 

for maintalnlllg and updatlllg the L1sual tableau at each Iteration 

The spatial formulation flrst Introduced by Samuelson(1952) was later 

converted Into a QI,Js1Qrittlç programmmg problem by provlng appropnate linear 

dependencles between reglonal supply. demand. and pnce by Takayama and 

Judge (1972) and has shown wlde posslblllties of applications ln agncultural trade 

Recent developments IP non-Imear solvers have overcome the limitations of IInear 

progranls. even though trade flow patterns may not be repllcated through a 
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quadratlc structure because countnes may dlfferentlate commodltlPs tradcd by 

country of ongln, they may Ilmlt trade wlth quantitative restrictions (,' they may 

purchase fram many suppilers to spread nsk ln the Iltcratwr- spatial 11100'01s most 

frequently use "near export supply and Import del11and tLJnctlon~ Zlr1d solVt~ hy tilt' 

quadratlc formu!atlon put forward by Trtkayama dnd JLJdgc (Hfi2) S,mulPlson 

(1952) stated that the maXlnllzatlC'n of the ,ue,l und('[ ,lll tlH' (\XCP~S dl'llléHld 

functlons less the area under the exccss supply schcdulf'S mlllllS totdl tr,1I1sport 

costs permlts a competitive, spatial, equ"lbrlurl1 solution to tw ;lt!,lIIll'd fllP 

contribution of Takayama and Judge was tn show the rll,lXII1lIt';ltlon of d qLJcldratlc 

objective functlon subJect to Ilnear constralnts was Inherent 111 ~)LllllLJl'lsOIl'~ 

argument More recently, Holland (1985) developed an Iterative, 1101111nO,1[ spatléll 

equllibnum solution algonthm that has been applied for world wheat tr ,ldp 1 hls I~ 

the Generailzed Transportation Problem that will be fur, her d IsclJ!-'~ed lf1 the 

followmg section 

Anderson et al (1985) took a dlfferent aprroach and drstrngUish hetween 

transportation models and transshlpment models ln therr explanéltron, thr' éllJthors 

looked at ilnear algor/thms ta make thelr compansons, élnd dld not rém,(! tllP Issue 

wlth quadratlc pragrammmg Wlth thls argument Ifl rnlnd the: ~>trlJcIlJf(!~, of 

transportation and transshlpment models ,He very ')!rmlal l tH'Y ar:(,(~ III plannlllq 

the distribution of goods or services tram several supply pOlilb lu ~)(;V(:[(ll d(!mand 

locations, where supply quantltles at each location cm! flXf:d or mstrlcted, and 

where quantlty demanded IS predetermlneu l he rn;1Jor rllfff>H:f1U: Ilu') ln Ul(! 

addition of IIltermedlate nodes for the transshlpment ~>trllctlll(; 1 Iqur,' 4 d()not(~s 

the linkages between mtermedlélte node<, wlth supply ,mrl dfmlflnd Ilod(;', T hny 

usually represent clther temporary stora(Je capaclty or pr()u;~,~>lflq rnarkr;! lev(;1 for 

the commodlty(les) traded, the Dalry SfJctor Simulatur rnodf;1 r!uvelop(;d at Corrwll 

University IS the most apprapnate example where dé.lIfY processlnq plants have 

been regarded as IIltermedlate nodes 
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FIGURE 4 TRANSPORTATION AND TRANSSHI?MENT STRUCTURES 
SOURCE Andef::on et al (1985) 

Spatial prlce relatlonshlps are mall'Iy determlned by transfer eosts between 

reglons provldlng cornpetltlve cordltlnF"'!.::> prevall Priee dlfferentlals across reglons 

have potentlal Impacts at the production level, whlch dlrectly retleet farmers' 

behavlour through supply responses At the supply level, produet pnees dlffer tram 

one reglon to the next dependlng on Its proxlmlty to pnnclpal market areas Under 

competitive conditions. spatial prlce dlfferentlals across the reglons are solely due 

to transfer cost~, F-or many agnclIltural commodltles thls IS not reallstlc, dlfferenees 

may exceed trc:msfer costs because of Incomplete or rnaecurate information, 

preferences of buyers for a partlcular product source, but the dominant reason Ires 

ln powerful Instltutlonal or legal barners (Tomek and Robinson, 1972) ln dalry 

trade. present regulatlon acrass Canada causes transfer costs not to be Ilnked to 

distance separatlng production trom consumptlon Domts Trade between United 

States and Canada exhlblts very restnctlve barrrers to trade causrng the 
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assumptlon of competitive conditions to be unreallstlc The Canadlan dalry 

Industry, slmllarly to ItS Amencan counterpart, IS hlghly regulated, especlally 

concerntng Import access 

Even wlth the proposed scenario of tanffs tr1 replacement of IInport quotas, 

It IS not reallstlc to use a spatial model based on a free trade assumptloll, r(tthel, 

an algonthm taklng Into account rematrllng restnctlons measures would hl' marC' 

appropnate \s mentloned prevlolJsly, élgncultural trllde modpls wllich tl1ke c;:H(!)of 

su ch situations are not wldespread, however, the "(:;ener,lIILed l ransportlltlon 

Problem" developed by holland (1985) IS one of them 

The present type of poltcy analysls will assume tnnff schernes ta be carnea 

out over a slx-year penod, leadlng to freer trade profile at th() end of the phasp ln 

penod To analyze thls scenano, It may become necessclry to q<1thm Illfollllcltion 

on the tlme path of adjustrnent of supply, on dlsappPéuallce, and on prlce, bul 

dynamlc models developed for thls purp05C are expem,lve and ha rd 10 flléHldql: 

Instead, statlc spatial models can be expressed as dynarnlc by IlIlklnq clJrwnl 

supply as a functlon of lagged pnces and to sol'Je the model H~CurSIVf..!ly throllgh 

tlme (Thompson, 1982) 

Spatial models are most usefulm analyzlng interregional priee n~latlonshlps 

and trading patterns where they are numerous producmg and com,urlllf1(j pOlnt~, 

The most Important variable determlnlng spatial priee reliltlonshlp~, l', transfcr 

costs It IS Important, to collect data on transfer cost~) that arc ~,peClflc to ü(]ch 

reglon to the extent that they are avallable The spatial eqlJlllbnurn forrnllléltion ha t
, 

been one of the mast popular approac.:les for pollcy analysl<; br,cause of the 

advantages wlth trade flows generated and wlth non-tarlff barrters easlly 

Introduced ln the model 
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An Important argument ln favor of spatial models over nonspatlal models IS 

the generatlon of trade flows and market shares, two Important variables of 

Interest HrNJeVf:r th(~rc: have been sornE: questIons ralsed because emplrlcal 

flndlnqs dernon')trat(; correlations hctween tradl~ flows generated ln the solution 

and obSt:rvf:d data not to be very hlgh ln the real world, there eXlst many 

quantltatlVr] f(:')tflctICJI1~) relater! to trade pOllCICS that bnnD addltlonal tradeflows ta 

the basIc Solutl()1l w., those restrictions are added to the model Spatial models 

requlre Cl larfW llLunber of such restrictions ta perform relatlvely weil ln measunng 

trar'-:e flows -r hornpson (1982) mlmtloned that thest; models dre efficient ln 

meé'lsurmg tlH~ dfects of change~) ln transport costs on net trade ;Josltlon However, 

these cffects hélV(! to he Interpreted wlth caution slnce tradp flows solutions are 

very sensillve 10 (my srnall chan~Jes if) trc:msport costs Further many doubts have 

been rc1lsed élbout thelr efflclency ln pollcy analys!s, malnly because of the 

assurnptlons of spatial equillbrlum theory may not explam reailly ln agncultural 

trade 

Accordmg to Thompson (1982), the greatest deflclencll1s of spatial models 

found ln the liter alure anse from cmplrtcal applications data deflclenclûs, 

speCification error ~;lInLlllaneous equatlon blas, é'tnd validation Data requlrernents 

are very slrnllar 10 non spatl<ll rnodcls so tllat defleleneles III data é'lpply equally weI! 

to both lTlodt'ls wlth exception of transportation costs Frelght rates are key Inputs 

for SpLltléll rnodds, howovel unreliabliity and lack of data often Impair the results 

Tlle second <-;hort(,()nllng 15 speCïflcatlon error when dealtng wlth a part:al 

equlhbrnull frampwork Modpls survcyed often contaln Ilnear functlons for e);Jort 

supply ,md Import dernand for eé.lch tmdlng reglon. very few conslder domestlc 

supply .H1d dl~rn;md curvcs apé1rl frulTl resldual deflved exports or Irnports The 

coml11on procedure 15 ta speclfy and estlrnate the export supply and Import 

dernand qUélntlty élS a funetlon of ltS own priee alone (Thompson. 1982), other 

paré'lmeters belllg ornltted Thlrd rnost supply and demand funet/ons ln spatial 

equlllbrlulll models are estnnated wlth ordlnary least squares regresslon where 
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quantlty IS a funcllon of ItS own prlce alone This IS very likely to lesLJlt ln bldsed 

estlmates of the prlce coefficient due to the combmatlon effect of speclflr:<ltlon en 01 

and simuitaneous equatlon blas Wlttl OLS If pilee cOefflCIf'llts lm' bl,lSpd, tilt.' 

usefulness of spatial models for pollcy analysis 15 doubtfll\ bl'Cdllse pIlet:' 

coeffiCients are the key parameters ln determmln~l <ldJustments 1f1 It'sponsl' ta 

pollcy shocks 

The literature IS not neh wlth spatial models sutw~et~d to vahd<ltloll 

techniques It seems to be a neglected aspect Validation clltenl'! Illust h(' set as 

to compare predlcted and observed trade flows Thompson( 198~») s!a!ed tll,l! tilt' 

chOice of validation criteria must not be affected whetht'I Wt' (1100S(, (Ill 

econometnc model of a world commodlty market or é1 spatial f'qulllbrlllln of the 

same market, the only dlfference Iles ln the solution procedure 

2/~ 2.2.3 TRADE FLOW AND MARKET SHARE MODElS 

The motivation behtnd the developrllE-~nt of thcse rnodels was the lack 0' 
capabllities of spatial priee equtllbrtllm rnodels to cfflelPntly cstllnat~~ trarjp flows 

and the lack of emplrtr.al eVldenr:e for the "olle priee" rlJl(~ III Il1tf~rn(ltIOné-l1 

agncultural markets ThiS Irnplles that aUriculturll1 prodllcb ;IH' 1l0! p/!rfectly 

homogeneous coneernlng physlci11 charar.terrstlcs An IInport,lflt <l(jViHl\'Hjf' of tfddf' 

flow (or market share) models consldpr cormnodltlP<, no! to hf: p(!rfectly 

homogeneous, because Irnporter~J mi1y want to dlffu(~fl!ldtp élfTHHHJ ',llpplter~ 

beeause of tllstor:cal or polttlcal reasons or 5'lmply becllut,f: of world rllarkf!t 

uncertamty The ratlonale behlnd tradt.'! flow model:::. 1<,) thf' arqurrlf!1l1 thilt Ir ddl~ flow 

patterns are not necessartly rel<:l!ed to prrees Thetr ~pproach tH!qtrl', Witt! il 

mechanleal procedure that transforms trade flow patterns frorn orH! yeilr Ir; th!! rH.:xt 

wlthout consldertng priees Second ~:conometrrc technlque<, (~yplatrl orH: or rnrHf~ 

elements of the trade flow rnatnx Thlrd, the models Ineorporate <l rnodlflcatlonof 
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spatial models where the elastlclty of substitution among supply sources IS less 

than infinite for each Importlng reglon 

Development and applications of these models are ta the most recent work 

done ln agrrcultural tr~de modelling (Thompson, 1982) Many of these approaches 

seem to br!ttc;r rf;pr(->sent ohserved trade flows than do spatial models 

Neverthplf!sC., the th(~oretlcal background for trade flow and market share models 

IS elther nnnexislent or of doubtful valldlty (Thompson 1982) Very few works ln 

these models have cor1sIdered the Incorporation of polrcy content. they have hardly 

contrrbuted to (~xpl(l1r1 the observed behavlour not explarned by spatial models 

Thelr mechanlcal techniques offer Iittie usefulness for polrcy formulation although 

they may he useful ln forecastlng rherefore thelr contrrhutlon has not been as 

great tlS then potentléll l hell main contnbutlon to thls field Ilas heen ln tcstlng 

theory and 10 better understand how world commodlty trade works, although not 

as muetl a~ If ttlAlr conceptors would have taKen more care of the empmcal 

content of thclr work l rade flow/market share models are based on a structure 

whlch support Hw hypoHléSIS that goods are dlfferentlated by source of supply 

However, ttlere have been few attempts to Incorpomte these frndlngs rnto emplrlcal 

work (Thompson, 1982) 

2.5 THREE APPROACHES WITH NETWORK MODElS 

2.5.1 UNITED STA TES DAIRY SECTOR SIMUlATOR (USDSS) 

The survey of agncultural trade models provldes Insights about theory and 

how It relates ta the real world It IS now necessary ta conslder emplrJcal work ln 

dalry tmde 1 he Ill1pélctS of Federal Mllk Marketrng Orders (FM MO) on reglonal 

rTlllk priees are dt the centre of rnélny pollcy debates ln United States Prattet al 

(1989) tlave analyzed Hw problem ln thelr paper on "Geographlc Prlce 

Relatlonstllps ln the U S Fluld Milk Illdustry A Mathematlcal Programmrng 

Analysls" The transshlpment model of the Amerrcan dalry sector combines bath 
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network flow and optimal plant location procedures. and calculate values ot milk 

supplies at Class 1 processlng locations. calledshadow pnees The iluthors <'H~l11t' 

that geographlc shadow prlce relatlonshlps contorm to the trildltlOrlcll If'rlulatory 

loglc provlded by Marketlllg Orders However. dlffer2nces PXISt betwl~P!l IPlatlvP 

spatial values of I11llk provlded by the model from thosE' rMMO prrer' dlfferentklls 

Implemented under federal policy (Pratt et 01 1989) 

The Dalry Sector Simulator (USDSS) model trlcorpor,ltes thrt'l' flll1ct.nr1dl 

market levels farm supply, dairy product proeessmg, <Hl<1 dalry product 

consumption The supply side IS aggregated 11110 Inultl-county supply <Hcas thal 

were selected a...:cordrng to the dlstrrblJllon ot 11lIIking cows cllld wht~r(' ,1 slnqlp 

pOint, normally a City, IS chosen to represent thp entlre ~JCowaphlc ,Hl',l SlIl1ll,uly, 

but Independent of the supply srde. aggregatlon 15 Irnplr:!ment(~d 10 oht;-lfll ITlUItI­

county consumptlon areas The darry product processln~J (lnd cOllsurnptlon markel 

level conslders flve dé1lry prodlJct groups fllJld rnilk. soft rTldflllfcwtwf':, (yoqurl & ICC 

cream), cheeses, butter, and nonfat dry ITlllk proOllctS IIlcilldrnq OtlH'1 l~vdporah~d 

and condcnsed products USDSS asslç1n') ail processlI1g laellrtle', to r('pr(!~(!ntatlve 

consumptlon or supply crtles Wlthln each "rnultl county cOf12,lImptlOfI éHPit". (~v('ry 

fluid milk plant IS designated ta the clly repre~)entll1~J the drl'il 01 çO!l<'lIrnptlon 

Alternately, ail other processlng facililles of th(~ four(4) milk products (sott 

manufactures, cheese butter. and Nf- nM) are dttrrbuted 10 OH' City r(J!H(J~)entlnfl 

the ;:lreQ_of _$JJRPly The ratlonale behlnd thls assurnptlon IS th:!t mllk production l'> 

usually closely located to fluld mllk consumptron ()rf~() tH!CtHISf! of HH~ perr<;hahk! 

nature of fluld mllk For Industrral rnllk. the smne reasonlnq canllot IX! Invok(!d 

because dalry products can be transported farther away l he alternrltlvc l':> to IInk 

processlng plants ta areas of supply 
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2.5.1.1: TRANSSHIPMENT FORMULATION 

USDSS can simuitaneously solve for the optimal, least cost, processmg 

locations and correspondlng mllk and dalry products flows. glven any constralnts 

on processmg locations and/or capacltles (Pratt et al, 1989) USDSS combines 

network flow and facllitles' location methods ln a slngle-tlme penod and single 

commodlty transshlprnent model The formulation of thls type of problem IS 

charar:tenzed by three distinct groups of nodes (Appendlx 5) The flrst level of 

nodes are Hle ':.upply pOints, thf~ second level represents Intermedlate or 

transshlpment nodcs (NODE LEVEL 2) whlch conslder locations such as 

warehousef:> wllere products from ongln (NODE LEVEL 1) can be stored 

tempor<lflly before belng shlpped to NODE LEVEL 3. dalry product consumptlon 

The IIltermedlate node level IS the charactenstlc of transshlpment models that 

provlde the opportunlty to study and emphaslze the processlng levels wlthout 

neglectlnÇ) production and consumptlon levels USDSS provldes detalled 

Information on processlIlg market level slnce Its major objective IS to optlmlze 

spatial plant allocation wlth respect to least-cost transfer routes through the 

transshlpment formulation However, USDSS does not Incorporate supply and 

demand functlOns but rather specifies them as flxed, a pnon 

2.5.2 CANADIAN REGIONAL AGRICUL rURAL MODEl 

Agriculture Canada has completed a study on "The Effects of Trade 

Llberallzatlon on the Canadlan Dalry and Poultry Sectors" (Grahamet a', 1990) to 

analyze whtlt production patterns, supply responses, trade flows and provincial and 

national sector e<lrrllllgs that may be expected from major commodltles ln Canada 

and ln other countrles If ail support programs are dlsmantled multllaterally Such 

cl scenario 15 an extreme one, based on the general trend ln GAn. It 15 unllkely 

that rnultllateral negotlatlons would end wlth a completely free trade scenario The 
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authors argue that the model estrmates how Canadlan supply-managed industries 

like poultry and dalry would respond to thls scenario Accordll1g to Gr~lhdllH't dl 

(1990), the free trade scenano provldes <1 useful benchillark d~lé.llnst whlcll Il) 

compare partial traue Ilberalization For Instance, the authors II1corporcltt~ fll1dmqs 

by Ronmgen and DI (It (1988) about the Impacts of governl11f'l1t Il1tt'IVl'ntloll 111 

agnculture, whlch reported that complete elilllinatlon ot SUbSldlf'S wouid dl'cll~ast' 

world production and consequently, world prlces will Increase by H)'J., Oll ;lVl'r;l~'W 

The market pnces for dlfferent agncultural COlTl'l1odltlcS were Irlcorpol,lted mta 

CRAM The dalry sector would gain wlth thls scenélno, and déllry fculllers' Ilet 

earmngs would be Increased by 34°,{, 

2.5.2.1: STRUCTURE OF CRAM 

The Canadlan Regional Agncultural Model (CRAM), focLJses on international 

trade for agncultural commodltles The program structure IS based on stalle, 

spatial, partial equllibnurn hnear prograrnmlng Illùdcl wtllch IIlcllldps ~(~vcn 

agncultural commodlty groups T Ile dalry section consists of seven ddHy pr()dllct~ 

and the dalry processlng sector ln each province 1 wC'nty fllrH:' crop r('~JI()f1~ (22 III 

the Prairies and 1 for each of the rernéllnlng r>rovlnce~) élnd flve q(~()qr aptll(~al 

reglons representlng Canadlan agnculture Addltlonal charéJclcnstlC'. mdlldp 

endogenous production Input functlons, and exogenous unit cost~~ ilnd commodlty 

inventories Supply and demand functlons are speclfled for each comrnodlty, wlth 

excess demand/supply met by Irnports/exports 

ThiS multl-commodlty and multl-reglon rnodel IS Interestlll(j beCélUSf..J It has 

empnaslzed the dalry trade sector as a separate entJty wlth seven types of dalry 

products speclfled Trle dalry sector of CRAM (Mfers from Its earlier vt!rSlon wlth 

respect to the manufactunng sector of ail the provinces, whlch le, more detalled 

Addltlonally, farm gate milk supplies are allowed ta vary ta capture the effects of 
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pohcy changes The assumptlon of quota contrais and flxed supplies IS relaxed, 

slnce supply functlons are Incorporated 

ln arder ta measure the Impacts of complete trade hberallzatlon, It 15 

necessary ta deterrnlne the supply responses The authors present the analytlcal 

dlfflculty of analysis wlth the supply management structure that prevents praducers 

fram respondlng ta pnces as they would under an uneontrolled environ ment Thus, 

the normal relatlonshlps used ln economle analysls ta predlet pradueer response 

tn vanous market situations are not reproduclble Grahamet al (1990) argue that 

It IS possible to estlmate a supply functlon provlded the eYlstenee of a random 

sample of observations on output levels, Input costs, output pnces, and a rentai 

market for quota:the key parameter ta estlmate producers responslveness ln a 

supply managed production 

Tradltlonally, two strategies have been avallable ta emplflcally estlmate 

supply functlons for supply managed industries The flrst concerns the computation 

of shadow (or supply) priees as the dlfference between the admlnlstered pnce and 

the quota rentai priee The second estlmates an aggregated restncted profit 

functlon deflned trom a multlcommodlty approach The latter reqUires output pnces 

and Input prlces for more than one commodlty, but no quota rentai rates are 

needed However, econometnc problems are rncreased because of the large 

nurnber of parameters about the slze of the tlme senes avallable Because of 

dlfflcultles assocl.1ted wlth bath approaches, Graham et al (1990) developed a 

hybnd approaeh ta estll11ate provincial supply curves for supply managed 

Industnes This can be adlleved provlded the avallabllity of a random sample of 

observations eXlsts for output levels, Input costs, output pnees and a rentai market 

for quota eXlsts (Moschlnl, 1988) But quota rentai IS prohlblted by law, therefore 

the best alternative IS ta use information on the capital values of quota ta 

determlne supply (or shadow) pnees ln thls case, quotas are vlewed as assets 

where thelr values equal the ~~d. value of present and future returns Quota 
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values capture the dlfference between output pnces and m<1rglllal costs of 

production The authors pOint out the dlfflculty of defllllllg ,m appropriaIt' discount 

rate that would allow for expected gains or loss wlth qlJot<1S cxpectf'd It':ll mtplt:'st 

rate, nsk assoclated wlth tlOldlllg thls asse!. etc These quot,) valllt~S n1<ly Lw 

Interpreted as a measure of the capltallzed vaille of eCOIlOrTlll H'llt Cll'dted by 

restnctlllg the supply This procedure élSSlJn"lf~S th;-tt thE' slopp (,vdilldtll)ll~ of th(~st' 

supply functlons are feaslble Once the position of ploducers 011 ttH'1l supply 

functlons IS establlshed It becornes pOSSible ta estllllate tholr responSt~ 10 profil 

level or product pnce changes because of the rernoval of the production controls 

under a freG trade reglrne (Graham et al, 1990) 

Supply response estimation 15 a drftlcult task wllh supply mana~JE:' 'ent ln 

United States. mllk supply functlons can be forrnulated as functJom, of ITlllk priees, 

Input costs, profits of alternative productions. and genpral econOIlll<. C()ndltloll~ 

(Buxton, 1985) ln Canada, Moschlnl (1988) has descnbed Iwo hroéld éIPPIO,l':I,(!s 

ta assess supply response wlth supply-managed Industm~s Oflf) r('qIJlfw;farm­

level data while the other reqUires aggregate data Ther(' ;Hfc~ two nwthod" 

avallable ta estlmate location and elastlclty of supply for the dhoVl! tW() c1prH(lddl(~~) 

III supply functlon estimation elther dlrectly eViJlliated (throllqh a co·.,t flHlLtlOIl .It 

the farm-Ievel or through a restrlcted profit functlon at HH~ aq~Jrf~qdh' lf'v(·I). or 

IIldlrectly, through a prlor measure of the depcuture from rn(1I~1tnal co',t prlclnqto 

estlmate supply elastlclty (USHlg a profit functlon) Graham nt nI (l C)C)O) h;wp 

declded ta employa hybnd of the approach USIn~J farm- Ip.vel daté) wltll ,J !llen',ure 

of marginai cast pncmg, the rentai value of quota 

2.5.3 GENERALIZED TRANSPORTATION PROBLEM 

The Generltzed Trarlsportatlon Problem software package (Holland. 1985) 

provldes up to ten (10) exportlllg reglons and 25 Importmg reqlors Lower and 

upper bound constramts can be mcorporated on export and Irnpon qUrmtltles as 
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Q.!.!Ql.a~ an addltlonal charactenstlc IS that mdlvlrlual trade flow limitations between 

exportmg and Importmg reglons as specifie or ad valore:-oltanffs and as exchange 

rÇ)j~$ Transportation costs between exportmg and Importmg reg Ions are speelfled 

as flxed unit eosts For excess demand and supply schedules the General:zed 

T ransport3tlon Problem (GTP) 15 a statlc model that enforces a flxed fUl1ctlonal 

form allowmg scaléH, Ilnear constant elastlclty and mlxed-type schedules forthe 

excess dp.mand and supply functlo!lS 

A IInear transportation model (CRAM) has been used for dalry trade and for 

other major agncultural commodltles to measure the Impacts of free trade on 

Canadlan dalry producers Imear transshlpment model (USDSS) has been used ta 

estima te ortllTlrJl processmg plant allocations ln United States and consequently 

how milk production would be mfluenced The GTP spatial model algorlthm I~ a 

surplus maXllTllzatlon problem uSII'g a quadratlc formulation (Figure 5) whlch can 

be utillzed, m the plesent study, to estllTlate the Impacts on priees and quantities 

produced and traded followlng the application of tanfflcatlon Hazel and Norton 

(1970) defmerl ttle objective functlon th~t leads ta an equillbrlum solution as belng 

denved via the geornetry of producer and consumer surplus The objective functlon 

bemg defmcrl as the rnaXlmlzéltlon of the sum of producer and consumer surplus 

(A+B+C) Thus GTP can be expressed as a surplus maXlIlllzatlon problem ta 

whlch a thlrd element transoortatlon costs has been added 
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Producer and consumer surplus 
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FIGURE 5. PRODUCER AND CONSUMER SURPLUS 
SOURCE Hazel & Norton 1986 

Takayama and Judge, 1972 
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2.5.3.1 SOLUTION PROCEDURE 

The solution algon,hm used rn GTP mlnlmlzes transfer costs by chooslng 

the cheapest-cost supplier for each Importmg reglon, If a trade flow constralnt IS 

blndlng, the model will search for the second lowest alternative, and so forth, If the 

second best alternative 15 also constrarned GTP Imks exporters and Importers 

through a prree linkage functlon that IS slmllar to the flrst order conditions for the 

surplus maXlmlzatlon formulation 

L,(P
I
) = ((P, * (V, + 1) +U,) * E, + T,) * ((VJ + 1) 1 EJ) + UJ 

where V, ad valorem tanff Imposed by)th exporter 

U, specifie tarrff Imposed by Ith exporter 

E, exchange rate for the ,th exporter 

T,) transport costs fram ,th exporter to )th exporter 

V) ad valorem tanff Impased by Ith Importer 

U) speclflc tarrff Imposed by Ith Importer 

E) exchange rate for the )th Importer 

The quadratlc <'llgonthm utillzed by GTP IS ca lied the Vector Sandwich 

Method(VSM) ThiS type of algonthm 15 a flxed pOint or path-followmg equllibnum 

whlch means that glven an Initiai pOint, It Will follow a path leadrng ta an equillurrum 

pOint The <:11~l()rlthrn used by GTP rnoves fram simplex to simplex followlng a set 

of fuies, where é1 IlneéH approximation 15 created on each of the simplex where the 

algollthm moves ra move fram an initiai pornt ta an equllrbnum pOint, GTP needs 

only prlce Vl'ctOIS and the quantlty vectors Ilnked to the prlce vectors Tnere IS no 

nee-d for ail ubjectlve functlon !lor for denvatlves (or system of path-followlng 

dlfferentlal equatlons) ta be evaluated As a result, It makes the algorrthm relatlvely 

easy ta use and more flexlhliity eXlsts ln excess equatlon formulation On the other 
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hand, the algonthm converges more slowly compared to those algonthrns uSlng 

denvatlve Information (Holland. 1985) 

The assumptlorls of thls model are (1) markets behave cornpetltlvely. (2) 

each reglon represents a distinct market. (3) the commodlty traded IS 

homogeneous, (4) quantltles supplled and demanded are well-behavcd functlons 

of pnces, (5) transportation costs are constant per unit costs. and (6) ttwexportlng 

and Importlng reglons may be speclfled a pnon 

The theory underlYlng GTP IS graphlcally presented III Figure 6 wlth a two­

reglon example where geographre prree relatlonsh!ps are Illustrated 
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Supply and demand eurves are dlsplayed for a hlgh priee reglon(X) and a 

low pnee reglon(Y) When transportation costs are Incorporclt:..~d tht" pqulilbrrufll 

priee IS lower ln the exportlng reglon than !Il the Irl1portrng rèqlon T hus, supply élnd 

demand can no longer be aggregated dlrectly but (l dlsplclcemf'flt f'qllivalpnt to 

transfer costs must be added Ttle expnrtrng reglon(Y) shows ail upw.Hd shlft of 

supply and demand by an amount "t" representlllg L1nlt C()st~l of Illovlnq ttlt' plodllct 

fram reglon Y to X After that curves can be cl9WP~Fltcd tn filld thl' t'qllllrhrrufll 

trading pnee (e') The final dlagram ("combilled") I~ expressed ln terms of prrces 

prevallrng ln reglon X(lmporter) 

The same analogy applles to multl-reglon cases ln short. a spatial algonthm 

will follow these steps to solve for maximum surplus net of tmnsportéltlon costs 

1) Data on supply and dernand for each reglon Involv(~d will tw sllInrmmzed 

Into excess supply and excess demand for ail the re~llons 

2) The model Will solve for an equrllbrrurn pnee al whlch èlll aggre~Jated supply 

and demands are equated 

3) From the equllibnurn priee, the algonthm solves for eactl reglon glven the 

4) 

5) 

bmdlng constralnts relevant to reglons 

From reglonal pnees, the algorrthm determlnes consurnptlon and production 

levels for each reglon 

The Iterative procedure salves for the least-cost route, glven the constralnts 

49 



• 

• 

• 

CHAPTER THREE: METHODOLOGV 

3.1 THE HYPOTHESIS TO BE TESTED 

The hypothesis that {anrf/catlOn wou/d decrease m/lk production ln eastem 

Canada !o the oxtcn! tha! U S procJucers will mcrease the/r exports to Canada IS 

tested uSlnq a spatléll pnee equllibnum model The solution algonthm of GTP 

(Generallzed rrélnsportatlon f)roblem) 15 used ta fmrl a competitive, spatial prlce 

equllibnurn glvcn an élrray of potentlal constralnts that can be Introduced 

Ttlf' rcsearch ohJectlves of thls study are flrst, ta calculate the Impacts of 

tarlff Implementation (ln rnllk supply and demand, second, to analyze the effects 

on producer rnllk priees, and thlrd, ta measure the Impacts on interregional Import 

and export tr,l(j(; flows ln order to capture the most Important reglonal effectson 

mllk productIC·l, the GTP model IS élpplled ta flve (5) dellrntted surplus reglons 

Thcse C0nslst of two Canadlan reglons provinces of Québec and Ontano and 

three U S reqlons (Northenst, Mldeast, and Great Lakes) (Figure 7) ln addition, 

one reslduéll re~llon for Candela and one for United States are Incorporated ta serve 

as demand sinks for Illilk surplus trom the other reglons since these two reslduals 

arc slqnlflcant ddlclt r(~Ulons Supply and demand equatlons will be speclfled,8 

fJfI()fI The flvc surplus reglons are speclfled as bath exporters and Irnporters 

wllereas, the two reslduals are restramed as belng Importers only Ali reglons are 

speclfled to confonn to eXlstlng national, provincial. and state borders 

The present chapter descnbes the methodology ernployed to test the 

hypothesis that the conversion of Import quotas to tanffs Will decrease Canadlan 

nlilk production to Hll' extent that US producers Will export dalry products Into 

Canada to rf'place reduced Canadlan mllk production Thus, Section 32 descnbes 

the core of the I1lcthodology as the linear supply and demand equatlons for each 

of the reglolls cOllsldered, and how they are speclfled ln the spatial model Section 

:3 3 explall1s the calculatlon of excess supply and demand functlons. the form 
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reqUired by the solution algonthm Section 3 4 revlews tanff schedules wlllie 

section 3 5 provlde precIsion and Justification of transportation costs The recwslve 

procedure descnbed ln section 3 6 Incorporates ail of ttle Clbove data ln the 

solution algonthm and dlsplay the annual recurslve loop as a mcans to embody 

tanff schedules Fmally, section 3 7 dlscusses model validation 
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Geographie delimitations of regions 

---------------l 
1: Quebec (Montreal-based) 
~: Ontario (Toronto-based) 
3: Northeast (Albany-based) 
4: MidEast (Pittsburgh-based) 
5: Great lakes (Chicago-based) 
6: Resldusl 1 (Wlnnlpeg-based) 
7: Residusl 2 (Atlanta-based) 

FIGURE 7 GEOGRAPHie DELIMITATIONS OF REGIONS 
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3.2 LlNEAR SUPPL Y AND DEMAND EQUATIONS 

The formulation of supply and demand at the production level 15 better­

sulted than at the wholesale level ta answer the hypothesis regardlTlg the IInpélcts 

of tanfflcatlon on dalry producers For each of the flve exportlnÇ) re~Jlon5. one 

supply and two demand curves. obtalned from Iiterature sparches. will be 

Incorporated ln GTP The lise of only one mllk. supply accountrnD for <lll rlllik 15 

Justlfled by the absence of a clear-cut deflnrtlon between fluld Illilk cmd Illdustnai 

mllk producers Mllk pnces and quantlty supplled av lilable on an Indlvlduéll statf' 

basis necessltate aggregatlon for the states forrnlng a reUlon fllf'SP Illilk slipply 

responses as weil as prrce-elastlcltles found Ul the Iiterature ale fOllllul<lted at Hw 

production level Oemand functlons for déllry products é'Hf) estllllêlted frolll pnee 

elastlcltles on fluld mllk and manufactured Jalry products, twm délta on qu,mtltles 

consumed (bullt from population figures ln each distinct re~ll()11 élnd per caplta 

consumptron of rnllk and dalry products), and from pnce~ <lI the production level 

for bath fluld rnllk and Industrral mllk (accountlng for ail trdllsforll1\!d products) 

Processors and retallers margills are assumed constant for Hl/.; sake> of slInphclty 

ThiS argument follows the Hleory of denved supply end dernand t!qlJf\tlons 

presented ln Figure 8 that a"ows both sldes of the market (supply and delTlélnd) 

to be on the sa me basls for analysis 
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Supply and '1Jemand functions st the farro level 

Priee .r/Nd aupply (who/ ... '.) 

Prlmary lupply Uerm) 

Ri'in 

whol ... I.~--"""""~--~ 

Farm .... ------~_« Prlmery dlmand (r.tlll) 

Der/Nd dem.nd (I.rm) 

Quantlty 

FIGURE 8 DERIVED DEMAND AND SUPPL Y CURVES 
SOURCE Tornek, 1980 

The estimation of demand equatlons bears sorne simllanties wlth Its supply 

counterpart but VJlth the Important distinction that separate equatlons for flUld mllk 

and dalry products were made possible ln each Ind!Vldual reglon, one supply 

functlon IS speclfled but two demand functlons are speclfled Slnce GTP IS a one-
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commodlty model, we have to speclfy the algonthm that two dernanci functlons 

eXlst tor the same supply functlon Ta do sa, an acidltlonal Irnportll1~1 reglon IS 

matched wlth each of the fi v€' exportlng reglorls !n each pel Il , OllL' sllb-IP~lIOIl 15 

attnbuted a fluld mllk demand functlon coupled wlth thE:' ~II mlll, supply whllc tht' 

other one IS added the Industrlal mllk ciemanci As a rl~sult, c\lch Pdlfl'd H'Worl has 

the stalldard supply and demand pattern whll\:' thr' otht'I Il,JS ol1ly ,1 dPllléllld 

functlon, IIlduclng the model to searcll for Hle Slip ply 01 Its "tWill" Clll1str ,1111tS h,lVt' 

~f'en speclfled to rnduce the model ta look <lt tbls slipply SOlll cc 111 ItS OWI1 w~Jlon 

tlrst The duplication of reglons and thelr specification as two dlstlllct fnrlllspprlllils 

appropnate specifications ln the solution ;:~lgollthn1 011 one hand, 0Il{! ~,llh It'~Jlon 

accommodatlng ail mllk supply wlth tlilld 1Tl!lk dernand IS, by deflllltlOI1, ,1 surplus 

reglon speclfled as an exportlng reqlon ln C Hl On the atller hélnd, Ils durlrcat{'d 

counterpart cantalns only rndustnal dernand but no slipply, wh:ch 111lpll(~s It IS an 

Importlng reglon 

The relevant market IS expressed as flve exportlng reglon<, Québec, 

Ontario, Northeast, Mideast, and Great Lakes, SlrTllléJfly, then dllplrcat~~d 

counterparts create flve Importlng reglons and Iwo addltlonal (Jn(>~" a~lResidllal 1 

and Residual 2. whlcl1 are addltlopal demand ':>Inks for Canildi1 élnd IJnll(~d Stdh~~), 

respectlvely A summary of ail reglons and thclr statlls él~; exporter or IITlp(Ht(!r~J clr(~ 

expllcltly shawn ln Figure 9 Accordrng to thcse specifications. flll,;j nlilk d(~II1<llld 

of one glven reglon IS fulfilled by the all-mllk sUI1Ply of tt](! ,>arl](~ r(!qlon No 

mterreglonal trade flOW5 ln fluld mllk are expected sinec' .!II-rnrlk SIJpply l', dlway') 

greater than fluld mllk dernand Themfore expected Interreqlol1al tradr' flows will 

consist of md us tnal mllk only A surnmary IIIIlS t ratlll~.J r CCjIOW;' srH 'Clllcatlow~ IS 

presented ln Figure 9 

55 



• 

• 

• 

Trading ragions in the solution algorithm 

RUldy81 1 

Qu@bec 

lall-milkl: 
8upply !I 

flu;'d Irndustria( 
Idemandll demand 1 

Mont rail. 1- ba.ad 
11 / , 'Il 

' 1 

Ontario 

------r-- ----"l 
al/-milkl i 
su,?ply ! ,', 1 

fluid ~nduBtriaf 
demandj demand 

- - - ----- - - - - --

Toronto-ba.ad 

'II JI 

Suldue' 2 

indus trial Industrial 

demand =f> demand 

Ofllglry-b •• ad 

Northant 

-- ----------- ---1 
ali- milk 1 

supplv 1 
\' 1 

fluld nduBtriaf 
demandj demand 1 

AlbAny-b •• ad 

!IAlod; 

Mtda .. t 

1. --- --­
ISI/-mi'kll, 
Isupply 'f 1 \ \ 

1 fluld nduB tria 
Idemand demand 

- - - - ---
Plttlbu rg-b .. 8d 

1 1 - Import'n" r.g'on on'y 

1 1:::::' bOlh ... partlng & Il'IIporllng r'lIlon 

nO Iran.por 1 co ... be p.lled rellion. 

AtlantA-b •• ad 

Or .. t'aku 

lall-mi/kl l d----' 
supply l ' 
f1~/d ndustrla 
de_~_~n_dj_ demand 

ChlClgo-bliad 

FIGURE 9 TRADING REGIONS IN THE SOLUTION ALGORITHM, 
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3.3 EXCESS SUPPLY AND DEMAND CURVES 

The solution algonthm of GTP reqUires the formulation of each reglon's 

hnear supply and demand equatlons Inta excess supply élnd oemllild form (~TP 

IS able ta fmd a solution to priee equllibnum problems wlth very eOlllpllc,lted excess 

supply and demand schedules However supply élnd dt~1l1(md ~chpdllies me 

restncted to partlcular tunctlonal forms that are used ln Hle progr am 10 Sll1lpllfy Its 

use. The excess schedules are of the form 

Quantlty = IX + Il * (Pnce)Y 

The Generallzed Transportation Problem allows 

scalar a; = 0 and/or y ~= 0 

IInear a; = 0 , y =- l 

constant elastlclty a;:: 0, Il ,> 0, y ,. 0 

mlxed schedules a 1 0, Il 1 0 , Y 1 0 

The conversion of supply and demand curves mto excess ~upply or dernand 

IS calculated as the dlfference between the fluantlty suppllcd and dpmanr!ed for 

each prlce locus The Imeanty ln supply and dernancl estlfn(ltIUr1~), a~surlll!d for 

stmpllclty, campel excess functlons ta be Imear as weil POSltIVf~ rlUrntH!r', (Jht;lIlH~d 

from the subtractlon, represent pOints of the cxces~) supply 11f1f~{H CIHV(! rwqatlVf! 

ones make the excess demand functlon Sy rnatherntltlca 1 ddtnltlfHl, 111(: X mtf'rccpt 

(coefficient Alpha) and the ~Iope<.:; (1/coeHlclent Bf~ta) fur Hw bath (!XLf:'-,~., ',IIPply 

and demand curves have the same vr:\lue bllt of üppOSltf' SlfJW, 1\1'10 It Larl tH: 

noted that the siope values for (;xcesc; curves are srnallf!r than tho',e Ihen 

correspondlilg supply and demand original cquatlons F Iqure 10 surnrnarlles the 

above arguments relatlng baSIC supply and dema nd curves wlth excess slJpply and 

demand ones 
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Excess supply and demand curves 

... 
/ 

1/slope= Beta 

" " ,,' ,,-
.,' 

", 

." 

1 
Alpha 

" 

,,' --.. . ...... 
,.' ........ ''''" 

1 
Alpha 

legend: 

S: supply curve 
D demand cur ve 
ES. excess suppl y curve 
ED, excess demand curve 

s 

Alpha: X-intercept coefficient 
Beta: s,lape inverse coefficient 

FIGURE 10 EXCESS SUPPLY AND DEMAND CURVES 

SOURCE Bressler and KI;1g, 1970 
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The formulation of excess supply and demand equatlons, developed above, 

possesses the followlng structure 

1) Q = ru J3 * pl 

ThiS m8thematlcal form reqUlre~, three parameters as a. tl1e X-Intercept, p 

the slope-Inverse, and y = 1 the Imeanty coeffiCient The eOrnpLJt~ltloll of lillear 

supply and demand IS performed wlth data on priee elastlclty, quantlty, and pIlCf', 

whlch are Iflcorporated ln two stralghtforward formulas III 01 dpr to estllllatp 

coeffiCients (~ and (~, whereas (1) 15 valued at 1 becélllse of OH\ lin(\îlflty 

assumptlon 

price-elastlclty (Til = (tlQ/ tlP) * (P / Q) 

2) J3 = (11 * Q)/p 

(~ * Q)/p = (tlQ/IlP) 

(~ * Q) /p = (1/slope) 

(~ * Q) / P = coefficient J3 

332 

Rewriting equatlon 1 ln the followlng mathematlcal terms, wlth gamma() set 

at value 1, permlts the evaluatlon of coefficient alpha (0} 

3) Q - J3 * P - IX 333 

Equation 2 and equatlon 3 generates coefficient (A and (~, respectlvely, 

whlch are then Irlcorporated ln the solution algorlthm of G fP tf.) provlrje exces~) 

supply and derr,and functlons for each reglon The same procGdure hw .. berm 

followed ta generate the original supply and demancJ equatlons where nfJ complete 

functlons were avallable 
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3.4: TARIFFS 

Although Canada has not submltted an officiai estlmate of tanff equlvalents 

to the GAn panel, It has been reported that tanff equlvalents, based on 

International prlce tor the penod 1986-88 for dalry products would be as follows 

fluld mllk 2TYfI 

cheese(cheddar) 178(% 

butter 209rYrl 

sklmmed mllk powder 93% 

These are [Je! va/omm tanffs based on current International pnces submltted 

by Canadli.ln officiais ta the GATT panel (DFC, 1991) Such tanffs appear to be 

protectlonlst becal/se CIment International prlces for dalry products are depressed 

due to tradc dlstortmg rollcles rractlsecl by dalry exportmg countnes The above 

ad vél/orem tanffs necd 10 be tl ansformed fram thel! International pnce-based mto 

Amencan prlce basf'd 10 be' w;eful for thls study Also, these tanff estlmatlGns (fluld 

Illilk exu~ptwl) ~lpply on an Indlvldual dalry prodllct basls that would ne.:essltate 

further CillcubtlOIlS ta carry Ollt the '.malysis at the production level. 1 e . at the 

Industnéll rnllk lev cl Such estimations are beyond the scope of thls c;tudy 

Consequcntly. the d(f Vd!OfOrn fil/Id rnllk tZHlff of 27% converted to a speclflc tanff 

of $11 00 per hpctolltPI nf ITlllk has been used for reglonal ALL-MILK supply 

curvcs III thlS stucly It IS <.lSSLJ:11ed that the protection level for fluld ITlllk Isequally 

arplirdble to IIldllstnal ITlllk sinee mast dalry producers produce both fluld and 

Industrlal rnllk Whlch makes the argument of distinct tanffs not easlly applicable 

at the pradL'cer level 
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3.5 TRANSPORTATION COSTS 

Costs of transport are entleal vanables ln spatial rnodels They must be as 

accurate as possible GTP allows only a per unit cost for eélch possible trad0 flow 

For Instance one asslgned city has been determmed for eacl1 of tilt' St>Vl~1l rt~nl()IlS 

to have a focal pOint for source and destination of déllry products 

Transportation comprises two péuts farm- to plzlnt hclUllllfj alld pl,HlI to rpillii 

movement Concernmg farm-to-plant cosls I1lgl1 rpglllatl~n IS plPsPll1 III CcHlada 

For Instance, III Quebec there 15 one Urllforlll cost aCloss th~' prOVIllCt~, wh"l' 111 

Ontarro, the co st structure IS broken lr1 tour qeorJraphlc dlStlllct rpqloll~ III tlH~ 

U.S.A. however, flUld mllk hC:lUllng rates vary accordlllq tn tarin IOCdIIOIl, rlllik 

volume, competitive environ ment and Inllléli and l11illfltPlldllU' COSIS ln Ihp 

transporter On average Intrar_egl0l131 tfélllSpOli costs ,11e élSSUIllf'd Ilot 10 be 

slgnlflcantly dlfferent between reglons and are thus olllitted frorn tllp sludy 

Transportation of dalry products belwcen Canadlan rC(jlons (1Il1(!rwgH.,H1al 

transport) refer to refrrgerated trucks wlth 42 000 Ib~) of nlilk eqllivalent~, ba~ed on 

cheese, excise taxes excluded ThiS mformatlon was obtamed trom CroUPI' 1 aLt!!I, 

a Montreal-based processrng flrm 

Fluld mllk IS not handled by Lactel but It IS assumed to POSC;(~S~, slrnll<lr 

transport conditions, therefore transportation costs for dalry prodlJct~, apply (!qually 

for packaged-fluld mllk Cost comparrsons wlth Ontarro tr<lrlsportms hélV(~ <;hown 

Slrlllantles, thus, the same unit costs are LJ':>ed 

ln United states, Metzger (1982) stuuled tractor- traller opmatlnq Cdst~-, for 

three products fluld mllk Ice cream and butter that were lIpdat(~d IfI 1 ~ms and 

1990 ta be used for fluld soft products, and butter ( transport co:.,t<., for dH~W.,f! rlrf~ 
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assumed to be the same as for butter) for the Northeastern United States 

Projections for 1985 and 1990 are assumed to be representatlve 

Concernmg processmg costs and Intrareglonal transport c05tS. no 

specifications are consldAred because ail reglons are assumed to have equal costs 

, whlth Imphes no effects on optimal movements or plant locations 

3.6 ANNUAL RECURSIVE PROCEDURE 

Figure 11 provldes the overall vlew of the planned methodology The 

calculatlon and conversion of supply and demand equatlons mto thelr proper form 

to be Incorporated mto (;TP and thelr incorporation mta the quadratlc alganthm, IS 

a recurslve two stcp procedure applled to three distinct penods (1) the Initiai tanff 

Hnplementatlon ln 1993 (II) thE:: mid-course situation wlth 18% tanff reductlon 

(accord mg ta the argument of Annual tarlff reductlon of 6%). and (III) the fmal 

case, SIX years later, wlth 36% tanff reductlon 

A pmnary step IrlVolves the lise of supply and demand curves con\rerted mto 

excess supply or dem3nd forms Ttlese cLlrves aiong wlth the constramts are 

Incorporélted !flto GTP to solve for ~m eqUllibnum solution The output results on 

producer priees ,mu qLJ<.lfltltles prodlJced are utillzed ta readJust supply equatlons 

III IInt1t of ttle (lbove changes Such ref-ldJusteu flJnctlons along wlth the reductlon 

of ta.-,ffs (Ire "fecdbélck" IIlt0 the solution algonthm to generate a second set of 

leslIlt~, tOI HIE.' s~colld pE'r1od (1996) and slmllarly for the thlrd and final penod 

(1999) follùvv'ln~~ the same recurslve procedure Demand functlons. however, 

mélmtall1 thell Original form since the focus of thls study IS on the supply slde 
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FIGURE 11 RECURSIVE METHODOLOGY 
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SECTION 3.7: VALIDATION TECHNIQUE 

Supply and demand functlons as weil as ail other data reqUirements have 

to be valldated before the analysis IS undertaken Nelson and Wlnter (1978) pose 

the argument th;:)t simulation IS a vahd technique to corroborate one model's 

Inferences, and althouÇJh It does net have the force of a theorem It does ralse 

one's confldenu~ ln both cor1j(~ctures and general understandlng of the model's 

logle Howev~:r If results me shown to be Inconslstent wlth conjectures, It forces 

the researcher to revlcw the model and ralse attention to prevlously neglected 

arguments Whcn the model's pi1rameters are set (lt realistlc values, simulation 

provldes a plausible mterval of confidence concernlllg the slgnlflcance of the 

effccts belrlg analyzcd Validation through slrnulatlon techniques propose an 

avenue to conflrrn spatial prlce theory and "expand and strengthen our 

understandlng of él slmpltflerl model the better to judge how, and whether, the 

model relates to more complex realrty (Nelson and WlIlter, 1977) 

The procedure Lises ex cess supply and demand curves estlmated trom 

supply and demé.md curves and sets of constralnts effective ln 1988, to slmulate 

results for 1989 ThiS resultmg outcome élS supply, pnces and trade flows IS then 

cOlllpared wlth 19R9 hlstorlcal d3ta to valid;:lte the predictive power of GTP The 

basehne year consldered Irl thls study, 1988, was chosen because numerous 

articles on tlle tanfflcatlon proposai refer to the penod 1986-88 for the calculatlon 

of télrlff eqUivalents 
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CHAPTER F~,UR: RESUL TS 

4.1 ORGANIZA TlON OF RESUL TS 

The hypothesis that tanfflcatlon would decrease mllk production Hl eétstell1 

Canada to the extent that U S producers will Increase thPH exports to C,mada was 

tested uSlng a spatial model solved by GTP algonthm T ht' rt'sllits WPIl' comparpd 

wlth the stated hypothesls Section 4 2 descrrbes Iwo tlliift Sl 'endllOS to bt' 

Implemented Section 4 3 presents the model specification as supply ,\Ild rlPl11,llld 

coefficients to be used by GTP Section 4 4 shows the reslJlt~ ot mod\~1 valrddtloll 

based on 1989 d()ta Section 4 5 shows results obtëllnt'd tor the two tarif! 

scenarros Section 4 6 provlues a diScussion of results and concludmg rClllmks are 

made ln Section 4 7 

4.2 TARIFFICATION SCENARIOS 

Accordmg to the Dunkel proposai on tarrfflcatlon, iJl! non -tarrft hw ners are 

Inltlally converted to tarlff equlvalents WhlCll are thon reduced by 36(1<) ovm él perrod 

of SIX years Global support measures Irke the national mllk support prlLe proqrarn 

are to be decreased by 20%) over the Sé1nle perrod A IllIllHnlJITI rnark(!! acr;(!~}~) of 

3% of domestlc consumptlon IS to be IflcreiJsed tu 5(1<, hy nif! f'nd of IIH' phél~f! 0111 

penod These measures of trade Ilberalrzalion élf(! 10 tH! Irnplerrtf'ntf!d ln Inr:f(!;]~(: 

trade flows However speCial safeguards such as IIlcrernr:nldl I;HI!f', would apply 

to Importeu volumes ln excess of 125% of the prevlolJs thref~ YE;ar <lVf:r,HJ(:;, (lnd 

on prrces If the unit value of Imported products trill below thF; 1 ~mf) Hfl If~ferenc(! 

perrod 

The tanfflcatlon scherne descrrbed above will fmm the ba'lls for thr; analysl~.., 

The solution algonthm of GTP permlts the Incorporation of varrous typw. of tr<lde 

barners However the complexlty of thé tanfflcatlofl proposai c;:m nol be fully 

reproduced rnto the quadratlc algorrthm wlthout é1 PflOfl slrnpllflc;(ltlon~ Thr; 

6r; 
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magnitude of the tarlffs to be chosen ln thls study alm to flnd a compromise 

between potentlal outcome from GAn negotlatlons "kely to bnng hlghly 

protectlor1lst tanffs wlth very IIttle trade flows and lower tanff values whlch would 

pmmlt slqnlflcant tracJe to occur This study appeal~~ to the estllnatlon of trade 

IrnpélCt:J wlth (,ornprolllised téHlff values Table 4 presents two plausible tanff 

scenaflO'-, Case 1 mtrodllces spt'clflC tanffs of $11 OO/hl of raw mllk on Canadlan 

Importlllq 1(~~:W)rl<" (1 e Ouebec, Ontario and ReslrllJal 1) and $7 DO/hl on Amencan 

Irnportlflq rfYJI(JrI') (1 (' Northeast MlciE,'ast C3reat lakes élnd Resldual 2) Tanff 

sr:herr)(~~ for CélflélcJil hrlv(' b('f~n obtamed from Canada's commodlty Iist submltted 

10 the CA T 1 pand wlth regard tu conversion ot ail non-tarlff b::m lers to tarlff 

eqLJIVéllent~; ([)alry ri1rrners of Canada, 1991) fhese Canadlan téJrlffs are based 

on thp clvf'rage of the flUid rnilk priee rJifferentlf'l1 betwE'>en C;:mad,J and United 

Statc's for the penod 198G-88 evaluateu i1t $11 OO/hl (Appendlx 6) The baseline 

for t(H1ff~) on ej,my prodL'cts IS Iflt~~rIlatl()nal pnees on fluld rn:lk the Amencan flUld 

nllik prlCl~ l'; u'-led, sinee no International market eXI~ts for Hl!~ cOlllmodlty No 

offlr:lal "(~t h<:1~; bf~(~n aVélllablc for j\m(~rJcml equlvalent tr:Hlffs but calculatlons used 

by tll(' [),wy f ~Hrnprs of C:,Hlada (or-C), compdrlnu t<'-Hlff equlvalc:nts for dalry 

producb. C~how(.; U S tanffs clS belng ln the range of 50 U
/0 to 75(% of Canadlan 

estlllltlh:'.; (Appendlx f)) 1 hls argument IS based on the 3~surnptlon that Amencans 

would f,}V()f lr1tf'lrl~ltIOnéJl priees as ttle b3selme for both fluld and cialry products 

beC,lllS{' tht' Jr1lprndtlOrldl JHlce (:qulvdlent fOI flUld mlik proJldes the greatest 

protl 'ctlCJlI nhtdilldhie for flllld rnilk -r tll~; iS because mter tlatlonal priees are much 

low('1 th.HI CHlddl,Hl priees for milk <md d,wy products It:s th us a reasonable 

(lssurnptloll lu llSt: U ~~ !;Hlffs pll'~t~nted bv the DF'C( 1991) on démy products ta 

r~~lres('jl1 tI)(, Inlcldl(' v.llue bt'twecll 50 (mu 75 l
;,;) (1 e G3 cyo) of Canadlan tanffs 

SCt:'nZHlo 1 Ir1COrpur,lÎl's Hlltlal fluld rnilk tanff evaluéJted at S 11 DO/hl for U S Imports 

Into C,11l3dd ~H1d Si? OO/hl ($11 00 • 63(\,) for Canadlan Irnports Iflto United States 

Even though If1ternatlonal priees do not eXlst for flUld milk, they can be 
calculZlted fram flLJId rnilk eqlllvaients for sklm milk powder and butter 
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These tanffs are assurned ta be the same for bath flulrl and Industnal mlll<. slnet' 

thls study does not dlstinguish effective equlvalent télliffs for eactl dcllfY plodllct 

The objective IS mther to approxlmate two plélUSlblf' SCC'fldrIOS élnd to mt'dSlllf' ttlt' 

Impacts on dalry producers EqL1IVdlt?l1t tarlfts fOi rn,lflufclctulcd plodlwts l'dIHlOttH' 

used ln the frameworK Dt thlS study for two rL\~lSl)llC; F Iist tll(~y ,lit.' h,lSt'd 011 

mternatloncll pm'cs and not on Alllcrlcdfl prlC(>:, It IS l1L'yoIHl tl1(' Sl npl' of thls 

study to Investlgate the I["ilpacts of Lmftlccltlon b,lSpd lIpon tlH' full Idll~W ot 

mternatlonal priees. sinee only tilt' c,lskrn I\rnc'llcdll market IS cOllsldprt't! 0t'('ond 

thls study focuses 011 WC' farm production Il'vd. Iflstead of tlnl~;h('d d,lIrY pmdllLts 

Consequently. specifie:: tanff equlvalents for Cancldél. estlfllélted clt $11 Oll/ili 

accord mg ta the country list (DFC. 1991). serve as a bZlSIS for rf'latlllÇJ CZlIlddlilll 

to Amencan rntlk pnces 

Case 2 IS very simllar to the flrst scenano except that tht, dllaly~I~, IS 

perforrned wlth sl1adow mllk pnces for Canadléln re~ll()n<; The' dep;Htllre frorn 

marginai co st pnclng duc ta supply nléHlagernent 1<; n()! dlrcctly oh::.,prVdbl(' 1 () 

date. thls spread has bec Il cstllnated frofll CdrHtdl quo!;\ V,llllt>', Moc,dlIfl1 (l~lBB) 

used a capltéll asset pnclng model whlch (1S~)LJnH >~) prodllcllofl qu()l,) rlqllh .l~. !lf'lnq 

an asset whlch equals a ulscounted v;~ILJf' for tilt· pr{'sent ;lIHl ftltltrl' 1l~!lIIrl', and 

where the returns ar\:~ th(~ dlfl('rf>11CC bf~tWt:(>n th{' produu'r Illilk Pll{ (' ,lIld th{' 

marginai cost of productloll 1 hf.~ cJeparture frofT1 rnarqlIlél1 co'-,t prlLlfl<j (>{,llllldh~d 

as the dlfference between the éwcrag(! ne;! priel': of rnllk ilrlel Hl(' mrnllnllill v,llw' 01 

average costs was estlnlated to be 1!)':!r, ut Ifidll,.,!fl31 rnilk prlu' lor tllf' p{;rlod 

1980-86 (MoschHlI. 1888) The prf'scnt stlldy used stlch véllw;'. to ohLIII, '.ttadow 

priees ln Canada ln whélt follr)ws Il hé~<) h(~(~n a<jSlln](;rJ that Hw, pllU' (j(;pflrtwf> 

has been applied to bCJth flilld and Industnal rnllk Thur> the ',f:r,Olld ',U;f)drIO tak(!', 

fluld and Industnal rnilk pnu~s of ~)(enart() 1 r(;du('(! tht~rTI by 1 ~/Y<, ilnd IrluHporat,> 

them ln scenario 2 AccordlrlCJly, tanff m<lgnltuc.k has beell rr;duu~d 10 Irlalntam ttlf~ 

same protection level as wlth sr::enarlo 1 The rf:,sultlllg tarlfb are pr(;')(~nted ln 

Table 4 
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• TABLE 4 TARIFF SCENARIOS 

TARIFF SCENARIOS 

SCENARIO 1: 
1993 1996 1999 

SPECIFIC TARIFF: 
($/hl) 

INITIAL -18% -36% 
- ---~ -

1 l 11.00 7.00 U.S.A. to CANADA: i 9.00 . 
7.00 l 4.50 CANAOA TO U.S.A. 5.75 1 

1 

1 
__ _ _________ J 

• 
SCENARIO 2: 

1993 1996 1999 
SPECIFIC TARIFFS: 

( $/hl) 

INITIAL -18'0 -36% 

l----~ 

2.65 2.05 U.S.A. 10 CANADA: 1 3 · 2 5 J 
CANADA TO U.S.A. 2.00 1.64 1.28 

------ --
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4.3. MODEl SPECIFICATIONS . 

The Generallzed TransportatIon Problem uses a qlladratlc solution 

algonthm whlch maXlmlzes producer and consumer surpluses It::-'ss transportation 

costs More speclflcally. the algonthm solves the problclll wlthcxccss supply cmd 

demand curves As deftned tn the preVIOllS ch,lpter. Initiai Iinl~,H supplv Lmd 

demand curves are used ta calculate ex cess supply and dellllll1d tUflctlOIlS 

Canadlan supply responses are cOllstructed from quantltles (111(1 pllces 

obtatned from the Dalry Market Revlew (1991). whereas short rlln oWIl-prrce 

elastlcltles were taken tram MeCutcheon (1992) and Conhoy. Godrl; lfd and 

McCutcheon (1992) Thelr estlmates ranged fram 068 to 0 165 for flllld rnllk to 

o 31 for IIldustnal mllk (Tlelu. unpubllsl1ed) The authors denved farrn I(lvel supply 

elastlcltles of the follO\vmg form 

Quantlty of mllk = f (mllk prlce, production factors) 

where mllk prlce = praducer prlce - Statle quota value 

= margtnal CO~l prlce 

= shadow pilce 

Amencan pn·:e and quantlty data are taken fram the Dalry Situation and 

Outlook Yearbook (vanous Issues) Own-pnce elastlcltles of supply oTlglnate frorn 

the research work of Buxton (1985) who estlmated supply equdtlofl') for the 48 

contlguous states For the demand slde, Kllrner's (1987) dalry products prieE! 

elastlcltles were used 
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il TABLE 5 CANADIAN SUPPL y AND DEMAND FUNcnONS - 1988 l' 
t(·--~---~ .---~=~-=-~=- --~~~---==-~ -- =-===========~==::i 

qllaf1l!1y ('00 tOrl:;) 

prl)(lucer IIIIGe ($/00 Ions) 

';11011 !lUI pUGe ela\IIGl1y 

a BP 
()f'flj(,u'nl B (E ·O)/P 

C()('IIIC1('111 (, 

25413 

50840 

065 

88945 

0325 

29840 

49710 

065 

10444 

039 

1 

FLUID 
Q 

1= 
1 

20766 lA 
50740 B 

06sIc 

7268 1 
0266 IINDUSTRIAL 

1 la 
P 
E 

A 
B 
IC 

~ -~~ ~=~--- -~ ~=' =-~=~-~~- ---~----- -- - -~~~~ 

il 
!(,"HARle !c..UEAEC 1 RESllJUAL il 

1 

9742 9 1 6834 1 9933 1'1 
, 1 

53840 1 52200 1 54560 ri 
o 24 1 ·0 24 1 -0 24 Il 

1 !I 
12081 104742 12317 Il 
-0043 -0031 ·0044 Il 

1 Il 
li 

, Il 
14582 10202114841 1 

146820 4671 0 1 471 28 Il 
i 054 0541 054 

122456 i 1 571 1 Il 22855 1 

.1 ~ 1 6~ -0 ' __ 1 ~ J .. -0 1 ~ 
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Il 

\LL MILK FLUID D[MAND 

LL MILK INDUS TRIAL MILK 

A 
B 
C 

A 
B 
C 

f- ! l~~ AHI~' 

3187 

03683 

1 

r 
I,(JI f\1~_1 lti ,Il '_ , 

1 1 

1 969 5! 5049; 

0421 103097 

_ 1 _L ____ lJ 

~="""'-=- -------- - ----------

(.1 MANl 
-- - -T-----l 

: '-~~_~~I~+~~~E'-L~2'.l.:.'-1 

b186 611970 15048611 
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L 1! _ll __ d 

~NTARI' =r~E8[~RE:S~ r-- --T--1 

~
22457 ',571 2 122855 1 

o 1 61 1 0 11 3! 0 1 7 1 

1 i 1 1 1 j 
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Quantlty ('00 tonS! 

prOducer priee ($100 tons) 

short run priee elastlclty 

oefflClent A = Q BP 

oefflclent B = (E'Q)/" 

oefflclent C 

TABLE 6 AMERIC'AN SUPPL V A"J[) [)(MANll [QUA110NS 1008 
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4.4. VALIDATION RE5UL T5 

Figures 12 and 13 present reglonal supplies and pnces simulated by GTP 

agalnst base"m'! data for the year 1989 ThGse figures generated by GTP 

represent equlllfmum pnees and quantltles for the flve exportmg reglons EXlstlng 

tradr: bélrqerS wer(~ formulated ln GTP The ,-,olutlon algonthm allows trade flow 

bOlJnd', to lx; Irlcorporated from e~ch exportlng (source) to each Irllportlng (slnk) 

re~llon Hisloricai tr8rle tlf)W patterns bf'tween Canélda and other courltr les are 

presentf~rJ ln r('lblf~ 7 to pruvlde ~n overall plcture of the hlstoncal Importanceof 

trade patterns wlltl U S 1\ For the purpose of thls study, only trade linkages wlth 

Umted States will be used rn the spatial model These trade patterns have been 

granted as Import quot;lS and they do not reflect optimal trade movements because 

of thelr restllct've natur2 To allevlatc the impact of non-optima lit y for the base 

analysls, the exporllrl~J reglon chosen ln GTP has the largest f'xcess supply Great 

Lakes élnu OlJéb!:JC are the CJre~üest surplus re~110ns ln USA and Canada, 

respectlvedy f~t'qardlllg Illlporting reglons, Resldual 1 (Canadlan deftclt reglonMias 

speclfled as the IITlportlng sink for Great Lakes, whereas Nartheast and Mldeast 

were rhusen é~S clusely loc~:'lted sinks for Québec exportlng reglon Values for trade 

fiow upper bOIJ!lds for USA and Cnnadél (Table 7) were then Introduced to 

reprl'sent thesE:' Import quotns It rnust be noted théJt tl1e same values were also 

enten~d clS lowe! bounds to l!l'Sure fulfillment of h!stanGal (base ca"e) quotas 

Figure 12 shows the quantlty of milK SUPPl 'd by the flve exportlllg reglons 

defmecJ 111 the Sp~tléll model The unlts used al) 11und,ed tons" whlch permlts the 

solution alnonthm to nvold numeneal dlfflcuitle:., ,juu to poor sealmg Quantltles 

rwduced by 0é)cll exportlng reglor. are contrasted, valldated wlth 1989 data 

Sllllllarly pliees for Ule same reglons are presented ln the same format ln Figure 

13 

72 



• 

• 

FIGURE 12: SUfJPL y VALIDATION 
1989 
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FIGURE 12: SUPPL Y VALIDATION 
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----------------------------------------------

TABLE 7: lMPORT/EXPORT PATIERNS - CANADA, 1991 

(00 tons of milk equlvalents) 
EEC j-USA :- OTHE-A '1 TOT AL .... U-S-A-j-rO-r-A-L ..... 

1 0'0 
1------+-----( 

EXPORTS: 131 7 384 3044 1 4745 8 1 

13.2 IMPORTS: 12~~ __ 299_ 769, 2268 

SOURCE- [);1tIY f- nrrn'1r, 01 C,UldCld Iln' 

TABLE 8: TRADE FLOW PATTERNS - VALIDATION 
(C\J TON~) 

1989: IMPORTERS 
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Table 8 exhlblts the thlrd type of Information generated by GTP trade flow 

patterns between the flve exporters and the seven lm porters for 1989, the 

validation yeeH f~f~gIOW" on the vertical aXIs are the exporters and those on the 

hOrizontal aXIs an~ the Impolters The diagonal terms, when excludmg the last two 

collJmns, am the qUélntltles of mllk IltllizeJ hy the reglon Itself to fulfll Itsdomestlc 

needs ln Irldustnal mllk r-Illid rnllk IS rnodeled for reglonéll <;t.:'lf-sufflcl(~ncy OJantlty 

of mllk trrlded as shown by the: rnatnx patterns, represents the movernent of mllk 

ln exces~ of Ifltr;-neq,onaI1Iuld nlilk demand Thus. 311 quantlty trélded ln the matnx 

replcsenl Industnal rnilk rnovern~nts from sources to the sinks HOrizontal 

SlIlTHJlatl()f1~l relé'lt(~ 10 tlle total exporis by exportlng reglon. whlie vertical 

SLlrnrnatlon~ exhlbll lo1cll IIldlJslné'l1 rrllk demand for each of the seven Impnrtlng 

re910ll 111(' total qUélntlty of rnllk produced for domestlc flllld milk purposes can be 

qUlckly oh!é.lIned by ',llbtrac!1I1fJ tlle tGtal C>'pOrt3 (Table 8) from the total supply 

(rlqwP 12) for a glven reglon ~ IlstOrlcôl Import quotas, where the source was 

allo!ted tn OuébE'c, rlppnar('rj ln the row for Québec as Cl split figure fram the 384 

hundred tons of T ahll ' 7 mto 192 for bath Mldeast and Northp-3st Accordlngly, 

Great Lakes posses~)ed the Irnporl quota allowance for Re'3ldual 1, the Canadlan 

mllk cleficii reglon r he las! Iwo colLJrnns, Hesldudl 1 dnd Resldual 2, represent 

Industrlal Illilk rll'flcll leCjlolls for Canada and USA, respectlvely Thes~ two 

reglons are stranÇJ detlclt reglons and, therefore. were not matched wlth a exporter 

counterpart 

Accordlng to Figure 12, reglonal quantltles of mllk generated by GTP greatly 

resemble hlstorlcal data for 1989 Esl1111ates of production are closer ta actual 

figures for Ont,'1r1o dllc1 Ollebec than for the U S reglons ThiS may be explalned 

by the aCClHlluléltlon uf sl~lrllflcant milk surplu~t'~ il) the U S dunng thls tlrne,whlch 

depresscd pnees ;1I1d tnggered iower supplies 
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Wlth regards to prree validation, Figure 13 shows the pattern of reallstlc 

prrces for Québec and Ontarro, wheleas slrghtly greater prrc~ oltfE'rpntlélls betwf'f'11 

Simulations and actual prrees are observed for Northeast. Mld(';lst, drld C;leat 

Lakes Figure 14 contrasts ail rnllk priees betwecn C<lfldda ,1Ild II S 1\ ovpr tml{' 

ln United States, rnllk priee jurnped trom $12 24 Ifl 1 D88, tWill whlcll (; r P W,1S 

based for validation, ta $13 54/cwt ln 1989 This provldps l1l1 expl<ll1atlOil for sllnht 

underestlmatlon rn the priee results obtalned for Amencan rcqluns 

Histoncai trade flow patterns provlded by the solution algonthm III Table 8 

and valldated wlth 1989 base year, shows ail tradc linkages between cxportlrlÇ) élIHi 

Importrng reglons Resldual 1 Imported rndustnal Illilk marnly frorn Quebcc 

whereas, smaller proportion came from Ontario Sueh patterns follow loqlcally, 

slnee the province of Ouébec has been thc~ dominant net surplus re~llun of 

Canada Accordrng!y, Resldual 2 Impolted Clii ItS mdustrral Illilk needs trorn Great 

Lakes, a huge mllk surplus reglon Therefore, the solution proœdlJrf~ lIsed by (.:J"J P 

produees consistent results lor the base ca~e and ean be used for estlrnatrng the 

ImprJcts of two distinct tanff scenanos on dalry production 
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4.5 RESULTS 

4.5.1: SCENARIO ONE 

This scenano IS based upon speclflc tanffs of $11 OO/hl and $7 OOlhl for nlilk 

exported fram United States to Canada and from Canada ta LJl1ltt:'d Stdtes, 

respectlvely These specifie tarlfts were ba5f'd on produccr pnee dlftt'rentl:lls 

eXlstlng between the two countfles for tilt' bast' penod 1 ~18l) BH I\l'l'ordlllqly, 

supply and demnnd cUlves Incorporak"eJ III (;1 P for SCCrltlrl(1 lllH' Wl'f(' lllllit lISI!l~l 

producer priees for Célntldlan reglons cl~ opposl'd h) shadow pilees tor SCl'lléHIO 

two 

Figure 1fi &. 16 present supply <:Incl priee rc,:;ults for Hw tlUPl' Pl'IIOds of 

analysis (1) initiai t<-lflfflcatlon, (II) reductlon of tarlffs aftcr t1m~p yOdrs élnd (III) flllai 

reductlon after SIX yecus Tanffs are mtroduC'pd ln the initiai y(~,lr of 1 ~)~U ,md are 

subsequently rcduced by ô(/';j p(;r ypm ove~ SIX YO;HS follow!rHl tlll' phd~)!' out 

penod propo~~ed ln GATT ln orcier to capturc' ~,lql1lfl('drlt t()lltl('r)Œ!~, the 

camp utatlon r roced ure was recurslv81y solved for Hu f ~(' cl hl Ifwt I){ 'r IOth 1fl(~t(,iHiof 

an anrl\jQI computation Thus, the 1115t p!~r!od IS tllr' Ifutrdl tdflft dppllLdtlOIl III 1 ~)~n, 

the second 15 the mid-course Situation Wltl! 18'Yr, Idrlft reductlon by 1 q~H), dlHI thlld, 

15 the final phase-out penod wlth a tarlff reductlon of ~6(Yt) by 19D!1 

Table 9 provldes a sumrnmy of trade flow quarltltles 1[) fTlatnx form for thp 

three penods of tarlff Implementation The format of presentation 1'> th(~ ();1frl(~ a,> 

descnbed ln SECTION 44 Sorne cl1,mges wele made to the valldalf'cl hasl~ 

model Trade flow upper bounrl were f-!Ilfnmated reflectlrl~J IrnprHt (llJold (·llItlIflatlon 

Import quotac; were r(~pl;lced wlth 'Jpeclflc tarlffs However trade flow lowf:r IHllJlHJ') 

were mamtalfH:rJ ilt th(;ir hl':,tGrJcallmport qlJota levels Ir! ordf~r to (:Il~llff.: rrllrllrntHTl 

market access for the othel country Otherwlse, the S(JluÎ:nn alqrHllhrn ellrnll)at(:', 

non-optima! trade flow pattern~J and rTlInlnlUm Import access Iné:ly be dnven 10 /mo 

whlch would be contrarv tu C3ATT proposition (ln L.H Ifflcatlon stéllinq él rrllfllrTIUm 

market access of Inrtlally 3% and eventally rarse ta 5(;-;, of dornestlr, cornSl1rnptlon 
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FIGURE 1.'): SUPPLY OF MILK BY REGION 

TARIFFICATION - SCENARIO ONE 
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FIGURE 16: PRieE OF MILK BY REGION 
TARIFFICATION - SCENARIO ONE 
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• TABLE 9 TRADE FLOW PATTERNS WITH PRODUCER PRieES 
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4.5.2 SCENARIO TWO 

The frameworks of analysls for scenariO one and two are very snnllar Tile 

differences Ile ln the use of shadow prlces Instead of prodlJcer pnces for Quebec 

and Ontario and Resldual 1 Tile argument justlfylnÇl tlle use ot sllaclow pnees 

Implles a better estimation of producer responscs tow:lrds priee chclll~Ws Ifl (ln 

envlronment of supply management Producer priees me tht.~ pollcy-lllcllJcl'd pnees 

facmg produeers, but shadaw pncf's are the alles reflectlllg 01('11 supply responsp 

behavlour The spread between these Iwo rnilk priees WélS cstllllated (lt 15(1., of 

producer pnees whlch was converted Into speclflc values bascd on 1 naD Illilk 

prlces ln arder to decrease speclflc tanffs by the sarne magnitude III S('(~Il:HIOOlle, 

the protect~on pro\! Ided by speclflc tanfts Wél~, based on proc!ucpr P"CPS ln 

scenano two, the prlce dlfferentlal between C;1lladlan and I\lllenC<l1l pfICC~, IS 

dlmmlshed. smce shadow pnees are lower Il 15 nccessary to decreas(] ~~IH~Clflc 

tarrffs, accordmgly, to rnallltaill the same protectIon level ~Jlvell Ille ~.,IT1élller 

dlfference between Canadlan and Arnencan pnees ln thls scenario The~(' changes 

wlth regard to speclflc tarrffs and shadow prlces do not affect the solutIon 

procedure 
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FIGURE 18: PRieE OF MILK BV REGION 
TARIFFICATION - SCENARIO TWO 
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TABLE 10 TRADE FLOW PATTERNS WITH SHADOW PRICES 
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4.6 DISCUSSION 

The contrastmg results between scenario 1 and scenario 2 are !ogleally 

cOrJslstent ln scenario one, mllk priees (Figure 16) for Québec and Ontano are 

Inltlally hlgher than thelr Amenean pnees and show a shght declme as tanfts 

deerease D'lier tlme ThiS adJustment was expected m IIght of hlgher pncmg polley 

enforeed by supply management ln Canada ln United States, the Northeast also 

demonstrates a reductlon ln produeer priees for the study penod Producer priees 

ln the Mldeast Inltlally deereased and then Inereased sllghtly agaln because ofhew 

export flows mto Resldual 2 Conversely, the Great lakes reglon mereased Its mllk 

priee beeause of Its establlshed position as Important exporter to Residual 2 and 

beeause of developlng trade hnkages with the Canadlan deflclt reglon Resldual1 

Figure 15 provldes an overall pleture regardmg relative supply stablilty for 

ail tlve dalry exportmg r~glons dunng tariff reductlon. Dalry production ln both 

Canadlan and Amerrcan reglons IS malntamed despite tariffleatron ThIS IS an 

expltclt argument ln favor of the Canadlan dalry Industry suggestmg a respectable 

ablhty to wlthstand Amerrcan competition and to develop more trade potentlals 

extendmg beyond the tlme frame of the present study Surpnslngly, the quantlty 

produced ln the Great Lakes, a low cost reglon, deelrnes wlth tanff reduction 

However, exports to Residual 1, as observed ln Table 9, increase by 2080 units 

whlle a declrne of 6512 unrts IS observed ln quantlty exported ta Resldual 2 The 

prree rnerease observed ln the Great Lakes as opposed to a priee declrne ln the 

other two U S reglons (Northeast and Mldeast) or the Important surplus status of 

the Great Lakes Itkely to make thls reglon tlrst affeeted by a shrrnking export 

rnarket may provlde partial expia nations to why the Great Lakes loses a part of 

thelr market share, to the protlt of a less Important exporter. the Mldeast, ln the 

detlelt reglon, Resldual 2 
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A sL:mmary of trade flow patterns wlth the flrst scenano 15 presented Hl 

Table 9 and shows that ail seven reglons, wlth the exception of the Greélt Lakcs 

élnd Resldual 2 (supphed by Great Lakes), Increased thelr nlilk consumptlon 

following SIX years of tarifflcatlon The Mldeast expenenced an Increase ln exp0l1s 

ta Residual 2 (the US deflclt reglon) for the second (1996) and tlmd (1999) 

penod. This explamed the reversai ln priee trend, though mmor, for the Mldeast, 

where It Increased from 1996, as opposed to decreased m 1903 Quebec and 

Great Lakes, two Important exportlny reglons, are affected relatlvely more as 

shown by !arger e,<port decreases Such a situation may be explamed by the 

surplus status of the Amerlcan dalry industry The U S dalry mdustry bemg elght 

tlmes the size of the Canadlan industry (Dion, 1992) puts a downward pressure on 

milk production, consequences causlng large produclng reglons to be more 

severely affected 

Results for supply, prlces, and trade flow patterns appear loglcal Mllk 

production ln Canada IS tmy when compared ta Amencan production Currel.t 

pnces in Canada are slgmflcantly hlgher than thelr Amencan counterparts, drlven 

by the Canadian mllk pnclng pohcy and enforced by stnngent border contrais on 

Imports. Thus, the conversion of Import quotas to equlvalent tanffs, followed by (l 

phase-out perlod, was expected ta affect Canadlan pnces, production llnd trade 

flows The hypothesis that tarifflcat/On would decrease mllk prodllctlOn /fi eastn{f/ 

Canada to the extent that U.S producers wIll mcrease thelr exports to Canada wac, 

partlally verified ln scenario Qne uSlng producer pnces ln the supply responses 

milk priees did decrease as a result of tanff reductlon fram $46 47thl ta $44 38/hl 

(Figure 16), and so did mllk supply, trom 27480 to 24934 hundred tons Cross 

border trade flows from Great Lakes to Resldual 1 showed an Increase Exports 

rose trom 5108 to 7188 Un/ts at the expense of Québec whlch reduced exports to 

thls market trom 8272 to 6298 hundred tons, whlle Cntarro captured a small market 

share of 262 hundred tons of mllk ln thls resldüal reglon However, Amencan 

Imports dld not dlsplace mllk production ln Eastern Canada dunng the tlme frame 
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provlded ln thls analysis This analysis suggest that the tarrffs LJsed ln the study are 

large enough to prevent Imports fram the U S Into Québec and Ontarro but small 

enough ta allow exports fram the Great Lakes Into Resldual1 and permit mllk pnce 

and production to declme Eastern Canada Hence, Canadlan praducers are 

negatlvely affected by tarrfflcatlon but not to a great extent The overall plcture 

shows abllrty to wlthstand Amerrcan competition when using scenarios m whlch 

tarrff are not hlghly protectlve slnce the tanffs used ln thls study merely represent 

pnce dlferentlals between Amerrcan and Canadlan mllk prrces The downward 

adJustment ln the Canadlan dalry Industry over the SIX year phase-out penod 

reveals a requlslte adaptation fram Canadlan reglons ta Improve their 

competltlveness ln face of trade Ilberalization ln the oalry Inaustry 

ln scenano twQ, the outcome IS shghtly dlfferent Milk pnce and production 

remam practlcally unchanged for the province of Ontano dunng the slx-year study 

ln Québec, production stays the same whlle mllk pnces Increase when companng 

the mltlal tlme penod (1993) wlth the second and wlth the thlrd perrod of analysls 

Exports fram Québec and Ontano to Resldual 1 mcrease by 1249 and 839 Unlts, 

respectlvely but to the detrrment of the Great Lakes reglon whlch loses 2465 unlts 

to Resldual 1 As a result, the hypothesls IS not verifled wlth tariffs apphed ln 

~cenano two (Table 10) Exports fram Great Lakes to Resldual 1 mitially at 5399 

hundred tons (Table 10) were reduced to 2934, mamly due to ex ports of Québec 

whlch had rrsen from 7733 ta 8962 hundred \ons This dld not represent a full 

dlsplacement by Québec exports since the quantlty demanded by Resldual 1 had 

slrghtly fallen 

Table 10 exhlblts trade flow patterns usrng shadow pnces for milk ln 

Canada ln Québec, total exports reach thelr highsst pOint ln 1996 at 20818 

hundred tons Québec was able to rncrease ItS market share ta Resldual 1 and to 

export up to 347 hundred tons to Northeast ln 1996 wlth Initiai tanff schemes 

reduced by 18% Wlth thls scenarro, trade flow patterns between Québec, Ontano 
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and the Great Lakes are reversed as opposed ta scenario 1 The Great Lakes 

decreases ItS exports ln Resldual 1 whlch are partly compensated by Illcreélsed 

Imports tram Québec and Ontario Simllarly to scenario 1. the Great l akes area 

decrease Its milk production dunng the slx-year perlod (Figure 15 and 17) Such 

a result for a low cast reglon faclng trade IIberahzation 15 counter-lntUltlve A partial 

answer to thls fjndtng may be provlded by shadow prlces ln scenario 2. the rentai 

value of quota accumulated ln producer prlce IS removed The resultmg lower pnce 

makes Québec more competitive for the resldual 1 market Instead of decreaslng 

Its exports to this market, as observed ln scenano 1, It Increases ItS market sharc 

to Resldual 1 whlch also dlsplaces the Great Lakes production and reduces the' 

latter's demand 

The use of shadow pnces makes Canadlan priees relatlvely more 

competitive wlth Amencan typlcally lower pnces As shawn ln Table 10, Ontario 

matntams Itg pnce level for the penod studled Québec demonstrates ablltty to 

malntaln ItS mllk supply and IIlcrease Its shadow pnees and ItS exports as tarlff 

reductlon takes place ln the second and thlrd penod of analysis ThiS supportsthe 

argument that Québec, an Important net surplus reglon, 15 competitive wlth 

Amencan reglons ln an hypothetlcal framework of partial trade IIberaltzatlon ln 

which quota values captured III the milk priee are removed Simllarly, the Northeast 

and the Mldeast, two non-surplus reglons, also show a slmllar pattern of priee and 

mllk production i ncreases dunng the tanff phase-out penod but do not greatlyaffect 

Québec and Ontario exports because of thelr self-sufflclency status 

The methodoloQlcal approach for thls research consldered two plausible 

tanff scenarios The flrst one IS based on the actual pnce structure where producer 

priees Include quota values entrenched m Canadlan priees However, ln the IIght 

of tanfficatlon, quota values would be expected ta deerease as tanffs declmeand, 

therefore, cause pnces to follow a decllnlng trend Such a priee decrease wou Id 

be mlsleadlng beeause It Impltes that quota values deeltne Lower quota values are 
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then refleeted ln produeer mllk priees However, the gross effect on produeer 

revenues may not decllne m the sa me manner This argument IS Justlfled wlth the 

results of scenano two Priees, quantltles, and trade flows Increased dUring the 

phase-out perlod of tarlff Implementation Shadow priees reflect margmal costsof 

Canad!an producers and are therefore better sUlted to capture supply responses 

ln face of trade liberallzatlon when eompansons are to be made wlth U S 

produeers Thus, scenario two IS more appropnate to evaluate changes of prlces, 

supply, and trade flows Indueed by tarlfflcatlon The resultmg output wlth scenano 

two does not support the hypothesis that Amencan Imports dlsplace a portIon of 

Canadlan mllk producflon due to the conversIon of Import quotas mto speclflc 

fanffs After tanff Implementation, the province of Québec expenences Increaslng 

shadow pnces, maintenance of quantlty supplled, and mcreaslng export flows 

towards the Resldual 1 and the Northeast 

III c;ummary, the results obtamed over the slx-year penod uSlng producer 

pnces (scen:'lrlo one) show that Québec and Ontario, ln order to be competitive 

and to be able to develop export markets wlth United States, would need to adJust 

producer prlces downward. Mllk production would decrease because of ItS pOSitive 

supply-elastlclty (unless one wants to estlmate an updated supply curve whlch 

would conslder nghtward shlft ln the supply responses). A speclflc tanff of 

$11 DO/hl prevents Imports from the U S Into Québec and Ontario but not Into 

Resldual 1 ln a scenano of quota value belng excluded fram producer mllk prree 

(scenano 2), Québec and Ontario basleally malntaln thelr production and priees 

and, they Increase thelr market share as exports to Resldual 1 (the Canadlan 

deflclt reglon) to the detnment of the Great Lakes. 

The development of trade linkages aerass the Canada-U.S border is likely 

to represent an Interestmg opportumtles to Increase the market demand for 

Canadlan dalry producers ln thls study, It was shown that prlce dlfferentials 

between Canadlan and Arnenean produeers make thls venture less entiemg 
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Nevertheless. the pOSSlblllty ta flnd profitable cross-border markets for Cané.ldlan 

producers IS enhanced wlth a scenario of tanfflcatlon where the quota value 15 

excluded from producer pnce (scenano 2) ln such a situation Canadlan producprs 

are ln a better competitive position. as shown by stable production. an upward 

trend ln shadow pïtcec; and a partial dlsplacement of Great Lakes exports ta tll(' 

Canadlan detlclt reglon (Resldual 1) 
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4.7 CONCLUSION 

The objectives of thls research were to estlmate the Impacts of tanfflcatlon 

on producer mllk pnces on mllk production and on potentlal trade flows between 

Canada and United States ln scenano one the results of thls analysis Indlcate 

that Canadlan dalry producers (from Québec and Ontano) need to adJust priees 

downward and consequently production ln face of tarlfflcatlOn The Great Lakes 

partly dlsplace Québec and Ontano ln exports to Resldual 1 (Canada deflclt 

reglon) ln scenano two reglonal mllk production remamed stable after tanff 

Implementation Shadow pnees ln ail reglons have Increased betweeen 1993 and 

1999 tanff phase-out penod Trade flow patterns between Importmg Québec 

Ontario and the Great Lakes reglons, and the Importlng reglon Resldual one are 

reversed tram results of the prevlous scenano Québec exports dlsplace the Great 

Lakes ln Rtsldual one 

The spatial model allows elementary Inslghts mto trade potentials wlth the 

Arnencan producers From complled results It IS apparent that potentlal for trade 

eXlsts and that subsequent mvestlgatlons are reqUired to measure the capaclty for 

trade flows This spatial pnce equllibnum model IS a simple model whlch tnes ta 

optlmlze trade flows ln a competitive manner However, the real world ln dalry 

trade does not exhlblt competitive behavlOur Furthermore, GTP IS a partial 

equllibnum model whlch conslders mllk as belng an homogeneous commodlty Mllk 

quallty standards dlffer between the two countnes and present potentlal trade 

limitations for cross-border trade Supply and demand equatlons are functlon of 

pnee and do not conslder other vanables that may mfluence results 

ln Canada the estimation of supply functlons IS made even more dlfflcult 

due to supply management Moschlnl and Mellke (1988) develop a remedlal 

method usmg capital values of quotas to estlmate supply responses from shar'ùw 

priees But the capital value of quota Itself 15 IIkely to be overestlmate~ sinee 
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publlshed prlces of quotas are representatlve of small scale quota purchases only 

Farm buyouts cause quotas to trade at a slgmficantly lower value Orlgtnal quotd 

Itcenses ln the early 70's were glven to producers accord mg to productIon level 

After the Initiai tnstallment, subsequent quotas IIcenses have had to be purchased 

at Increaslng prlces boosted by quota rents eaptured by the initIai reclplent farrners 

Another argument whlcn may have been overlooked ln supply response 

estimation deals with the nsk premlum entrenched ln supply equatlons CanadléUl 

producers would face Increaslng nsk when movlng fram the actual Insulatmg 

~;ystem to more competitive and uneertaln future wlth tanffs, slnce prlce f!'JctuatlOfls 

on forelgn markets would affect Canadlan priees Su ch a nsk premlum 15 very hmd 

to qUë:mtlty and add to suppl Y response models 

1 he dlscrepaney ln prlclng structure between co st of production formulél 

eXlstlntl ln Canada and shadow pnee hlghltghts the Importance of captuflng farm 

level priee r~sponse properly GTP pravlded mSlghts about the ImplicatIons of trade 

IIberahzatlon but thp. development of more speclflc models able to handle stnngent 

trade barners will provlde further Inslghts mto thls complex Issue ln Canada, 

producer and c;hadO'.i\I priees are dlfferent Producer pnces reflect returns to quota 

and other assets whereas shadow pnces represent value of effiCient mllk 

production The Impacts of tanffieatlon were measured wlth both producer and 

shadow priees Direct consequences on producer farm-gate pnces are estlmated 

via produeer pnces, whereas shadow pncQs wou Id better reflect trade practlce~) 

under tanffleation slnce they better reflect efficient mllk production as opposed to 

producer priees whlch capture the rentai value of production quotas 

Caution should be used ln placlng tao much slgmflcance to the results of 

thls analysis The tanff schemes used are based on raw mllk and are (]ssumed ta 

be the same for both flUld and Indu~tnal mllk Any further studles ln the field of 
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tanfflcatlon usmQ effective rates of tanffs for each dalry product whlch could better 

Imk the pr"Oductlon wlth the consumptlon level would grealty braaden our 

understandlnQ of thls camplex Issue of tarifflr.:.atlon applled ta the dalry mdustry 

Subsequent research wark ln the sphere of supply functlan estimation IS Ilkely ta 

Improve the present IImlted capablllties ta model Canadlan supply responses The 

quadratlc solution procedures used by the spatial model ln thls study. searchlng 

for optimum producer and consumer surplus fram whlch transport costs have been 

Incorporated, are slJltable to provlde Inslghts about trade IIberahzatlon ln the dalry 

mdustry, an Industry subJected ta government regulatlons and insulated fram 

mternatlonal competition Ta tl1ls end, flndlngs of thls research may be helpful as 

a benchmark to a wlde array of tanff posslbllities beanng ln mind the simplifications 

that had ta be Incorporated ln the model 
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• APPÉNDIX 1: MARKET SHARE QUOTA 
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APPENDIX 2: SUPPORT PRIeE STRUCTURE 
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APPENDIX 3: NET MILK PRODUCTION SURPLUS 

% surplus production in relation to consumption value 

% surplus 
60 

40-

20 

o 

-20 

-40 

-60 

-80 

"1983-87 cs:TI 1988-72 

Que. Ont. N.S. N.B. NF L. t4 an. Sa.. AI b. B.C. Canada 

province 
• SOURCE: Proulx and Gouin, 1989 
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APPENDIX 4: 

Net Balance Betwecn Mdk Prodt1rtion alld 

Approximale Dairy Producl COIlsulnptioIl hy sta \ l', 19H7 

B.alance 

~Deficit 

~ Slight Deficit 

D Self Sufficient 

lm Slight Surplus 

• Surplus 

• Very Large Surplus 

SOURCE: Novakovic and Keniston, 1989 
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• APPËNDIX 5: TRANSSHIPMENT NODES 
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APPENDIX 6: TARIFF CALCULATIONS 

AVERAGE 1986-88 

! SPECIFie TARIFF: 

PRIX CANADA - PRIX U.S.A. - TRANSPORT = $ 

$52. 57/hl - $39. 93/hl - $1.50/hl • i $11.00/h 
1 

---------------- -------- -- -- - ---- - - -

,- ----- --- -- -
1 

1 EQUIVALENT TARIFFS , 

Ad Vslorem tsrlffs ('lb) 

CANADA U.S.A. 

BUTTER: 209 156 

CHEESE: 178 101 

S.M.P.: 93 72 

S.M.P.: sklmmed mllk Dowder 

SOURCE: Dairy Farmers of Canada, 1991 
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APPE.'lIJIX 7: SGroIO l, 1993 

Export (Source) Flows and Values - Base Currency: fARIFF c.~E:lla7, 1989 !oŒRGED SUFPLY 
----------------------------------------------------------------------------------------------------

--------- E\port (Source) -------- --- Export Tarlff ---
ID Exporter (Source) ID Inporter (Slnk) Quantlty Value Pnee Speclflc Ad Valoren Trans. Cost 

----------------- --------------- -------- -------- ---------- -----------
01 xQuebec al Quebec l 10926.772507522649.455 46447.628 .000 .000 10926.772 

02 Ontano i 881.660 40951023.577 46447.628 .000 .000 3047017.541 
03 Northeast l 192.000 8917944.592 46447.628 .000 .000 1787712.000 
04 Mideast 1 192.000 8917944.592 46447.628 .000 .000 ~522688.000 

06 Resldual li 8272.173384222826.703 46447.628 .000 .000105246860.304 
Global (AlI Slnks) 20464.606950532388.917 46447.628 .000 .000112615204.617 
Welghted Average 46447.628 46447.628 .000 .000 5502.926 

02 XOntano 02 Ontario i 14173.530707296411.746 49902.628 .000 .000 14173.530 
Global (AlI Sinks) 14173.530707296411.746 49902.628 .000 .000 14173.530 
Weighted Average 49902.628 49902.628 .000 .000 1.000 

03 xNortheast 03 Northeast i 41373.630************* 39408.739 .000 .000 41373.630 
Global (~ll Slnks) 41373.630************* 39408.739 .000 .000 4137 3.630 
Welghted Average 39408.739 39408.739 .000 .000 1.000 

04 xHideast 04 Hideast i 38561.464************* 42033.321 .000 .000 38561. 464 
Global (~ll Sinks) 38561.464************* 42033.321 .000 .000 38561.464 
Weighted Average 42033.321 42033.321 .000 .000 1.000 

05 xGreat Lakes 05 Great Lakes 1 47659.994************* 38158.628 .000 .000 47659.994 
06 Residual li 5108.289194925303.217 38158.628 .000 .000107335370.115 
07 Resldual 2i 116663.097************* 38158.628 .000 .000959320645.151 

Global (AlI Sinks) 169431.380************* 38158.628 .000 .000************* 
Weighted Average 38158.628 38158.628 .000 .000 6295.786 

-4 

0 Global (AlI Sources) Global (AlI Sinks) 284004.610************* 40050.219 .000 .000************* 
co Welghted Average 40050.219 40050.219 .000 .000 4152.795 



• • • 
Impart (Sink) Flows and Values - Base Currency: TARIFF CASE: 1107, 1989 MERGED SUPPLY 

-------- - ilrrpOrt (Slnk) --------- --- Im~ _ t Tanff ---
ID Importer (Sink) ID Exporter (Source) Quantity Value Price Speclfie Ad Valorem Trans. Cast 

--------------- ----------------- -------- -------- ---------- -----------
01 Quebec l Dl x'Quebec 10926.772507533576.227 46448.628 .000 .000 10926.772 

Global (All Sources) 10926.772507533576.227 46448.628 .000 .~OO 10926.772 
Weighted Average 46448.628 46448.628 .000 .000 1.000 

02 Ontario 1 Dl xQuebec 881.660 43998041.117 49903.628 .000 .000 3047017.541 
02 xOntario 14173.530707310585.276 49903.628 .000 .000 14173. 530 

Global (All Sources) 15055.190751308626.393 49903.628 .000 .000 3061191.071 
Welghted Average 49903.628 49903.528 .000 .000 203.331 

03 Northeast l 01 \'QUebee 192.000 10705656.592 55758.528 000 .000 1787712.000 
03 xNortheast 41373.630************* 39409.739 .000 000 41373.630 

Global (A11 Sources) 41565.630************* 39485.258 .000 .000 1829085.630 
Welghted ~verage 39485.258 39';85.258 .000 .000 44.005 

],1 IHjeast l 01 \'~ue:leC 192.000 11440632.592 59536.528 .GOO .JOO 2522588.000 
D4 \.'Ildeast 38561.';64**********~~* 42034.32: .DOO .eoo 38561.454 

;l~~dl [All Scur~es) 38ï53.464********~**~· 42121 232 .000 .QQ~ 2S51243.~54 

~el~ht~j Average 421:1.232 42121.282 .JOO 'nn 
".J 66.)91 

.;; 
~:-e3t :.3-:e5 : '':; \-::-e:: :,a':es i~::3.39~*~~~~~~~*~*~· :2259.523 . ~t:0 :J~ ~7:::~ ?S4 . -

;_:ca~ \A:~ ~~:e5t 47559.994*-**xx***x*** 35153.623 .J~~ 
- - r, .1Î€:~.jS4 •• 1 ... J 

-0. fte_~~:ed ~he=-3:e 33~:?S:3 33:5;.623 j:J - ,'"1'" : J~J 
-" -
c 
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• 
06 Pesldual 11 

07 Resldual 2i 

Global (AIl Sinks) 

QI \Q1..>ebec 
8S \Great Lakes 

';lobal (AU Sourçes) 
Weighted Average 

05 '<Great Lakes 
Global (All Socr:es) 
Weighted Average 

Global (AlI Sources) 
Weighted Average 

• 
8272.173489469687.006 
5108.289302260673.332 

!3380.462791730360.339 
59170.628 

116663.097************* 
116663.097************* 

46381.628 

284004.610************* 
44203.014 

• 
5917J.528 .000 .ûOOl0S:~636J.30~ 

59170.628 COO .000107335370.:15 
53170.628 .000 .OC021:58223~.~19 

59170.5:8 .000 .JOO 15837.510 

46381.528 .000 . J00959320645. 151 
46381.628 .000 .000959320645.151 
45381.528 .000 .000 8223.000 

44203.014 .000 .000************* 
44203.014 .000 .000 41S2.795 
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APPENDIX 8: SCENARIO 1, 1996 

Export (Source) Flows and Values - Base Currency: TARIFF CASE:9575, 1993 KERGED SUPPLY 

--------- Export (Source) --------
ID Exporter (Source) ID Importer (Slnk) Quantlty Value Pnce 

----------------- --------------- --------
01 \'Quebee 01 Quebee i 11077.234500410543.919 45174.683 

G2 OntarIo i 721.322 32585500.528 45174.683 
03 Northeast i 192.000 8673539.045 45174.683 
04 Mldeast l 192.000 8673539.045 45174.683 
06 Residual Il 7754.111350289522.684 45174.683 

Global (AlI Slnks) 19936.668900632645.221 45174.683 
Welghted Average 45174.683 45174.683 

02 \"Ontano 02 ~tano i 14547.723707451158.411 48629.633 
Global (AlI Slnks) 1~547.723707451158.~11 43629.683 
lieqhted Average 48629.683 43629.583 

03 \Nor:heast " "j Northeast l j2183.333~*~xx~*~~**** r 7Sg.333 
;l~cal lA~l 31~~S) 4:133.333*****~~*~**** 37739.333 
t\e:J';ted ~ve:-:l;e 377S3.323 3ï739 3JJ 

,. 
\~ .:e3:3: '1 "'1::-?3S: ~ jJ3:4.5::**·x*~-~.~~~~ 3?1'":. :33 ,"f _'1 

.- ;-2s::..13 .... :_ :3~J ::: :::J:~:; :~: ... """ ... -" ~, -. -.~ 

~_:-j,3- : __ S .. ~~.3 ~::?~ =:3*~xxxx.~~.xxx .:~"';, 
.' -

~e.:~:~J i,e:3:e ........... - --..... . -.. ~~ .. ::; ::j 

• 

--- Export Tariff ---
Specifie Ad Valorem Trans. Cost 
-------- ---------- -----------

.000 .000 11077.234 

.000 .000 2492889.458 

.000 .000 1547712.000 

.000 .000 2282688.000 

.000 .000 98655559.882 

.000 .000104989926.574 

.000 .000 5266.172 

O~O .000 14547 723 
.000 .aoo 14547. 722 
.0:}iJ .000 1. 000 

.J00 )QQ 42133 333 
~IJQ .:QJ ~2~33.233 

• JOQ n("l/*', 
• .J. 

. :: J ... ~~2:'; 622 .. , ::J ::S2:~;7 ~2~ .. ~ .. ~ 
--- .. '";- r=" ;,:;..? 
~ ___ "_, ___ ,,, __ J 

::J =:: 3:~ 
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')5 '~reat :.a~es 05 ~reat Lakes i 47124,D3~·******·***** 38385 633 .000 000 ~712~. J3~ 

06 P.esldual Il 5852.581227585480.130 38835.S83 .000 .000111271163.762 
07 ?'es1d'Jal 21 114054.813*~*********** 38835.683 .000 .OOO93737:7:3.91~ 

Global (Ail S1~~S) 167031.527************* 38885.683 .000 .OOO****~~******* 

~elghted Average 38885.683 388ô5.683 .000 .~OO 6281.395 

Glcoal (AlI Sources) ~lobal (AlI Slnks) 285394.069************* 39702.022 .::100 .OOQ************* 
We1ghted Average 39702.022 397D2.02~ .000 .DOO ~081. 759 

=====================~=========================================================================================================== 

Lmport (Slnk) Flows and Values - Base Currency: TARIFF CASE:9575, 1993 MERGED SUPPLY 

---------- Import (Sink) --------- --- lmport Tarlff ---
ID Importer (Slnk) ID Exporter (Source) Quantity Value pnce SpecIfie Ad Valorem Trans. Cast 

--------------- ----------------- -------- -------- ---------- -----------
01 Quebee 1 01 xQuebee 11077.234500421621.153 45175.683 .000 .000 11077 234 

Global (7111 Sources) 11077.234500421621.153 45175.683 .000 .000 11077.234 
Welghted Average 45175.683 45175.683 .000 .000 1.000 

02 ontano l 01 xQuebec 721.322 35078389.986 48630.683 .000 .000 2492889.458 
02 ;.\)ntano 14547.723707465706.134 48630.683 .000 .000 14547.723 

Global (Till Sourees) 15269.045742544096.120 48630.683 .000 .000 2507437.181 
Welghted Average 48630.683 48630.683 .000 .000 164.217 

03 Northeast l Dl xQuebec 192.000 10221251.045 53235.683 .000 .000 1547712.000 
03 xNortheast 42183.333**~**k******* 37790.333 .000 .000 42183.333 

Global (AlI Sources) 42375.333************* 37860.315 .000 .000 1589895.333 
Welghted T\'Jerage 37860.315 37860.315 .000 .000 37.519 



• • • 
04 Hideast i 01 xQ\lebec 192.000 10956227.045 57063.683 .000 .000 2282688.000 

04 xMldeast 40354.632************* 39176.683 .000 .000 40354.632 
Global (AlI Sources) 40546.632************* 39261.383 .000 .000 2323042.632 
Weighted Average 39261. 383 39261.383 .000 .000 57.293 

05 Great Lakes i 05 xGreat Lakes 47124.034************* 38886.683 .000 .000 47124.034 
Global (AU Sources) 47124.034************* 38886.683 .000 .000 47124.034 
Weighted Average 38886.683 38886.683 .000 .000 1.000 

06 Residual Il 01 xQuebec 7754.111448945032.565 57897.683 .000 .000 98655559.882 
05 xGreat Lakes 5352.681338856643.892 57897.683 .000 .000111271163.762 

Global (AIL Sources) 13606.792787801726.458 57897.683 .000 .000209926723.644 
Welghted Average 57897.683 57897.683 .000 .000 15428.083 

07 Res1dual 21 04 xMldeast 1340.186 63134407.097 47108.683 .000 .000 10631697.225 
05 '(Great Lakes 114054.813************* 4ï108.683 .000 .000937872723.914 

Global (AlI Sources] 115394.999************* 47108.683 .000 .000948504421.150 
Weighted Average 47108.683 47108.683 .000 .000 8219.632 

;10031 (AlI Slnks) ;lobal (AIl Sources) 235394.069************* 43783.731 .000 .QOO************* 
~el;hted Average 43783.781 43783.781 000 .000 4081. 759 

-" 
-" 
~ 
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~.PFEtmIX 9: SCEh"ARIO 1, 1999 

Export (Sour~e) Fl'Jws and Values - Base Currency: TARIIT CASE 0745, 1996 MERGED SUPFLY 

--------- Export (Source) -------- --- E\1Ort Tarltt ---
ID Exporter (Source) In ~porter (Slnk) Quantlty Value Pnee SpecifIe Ad Valorern Trans. Cost 

----------------- --------------- -------- -------- ---------- -----------
Dl ~uebec 01 Quebec l 11170.856495791884.470 44382.624 .000 .000 11170.356 

03 Northeast i 192.000 8521463.766 44382.624 .000 .000 1307712.000 
04 Mideast i 192.000 8521463.766 44382.624 .000 .000 2042688.000 
06 Residual Il 6298.013279522339.434 44382.624 .000 .000 80129613.794 

Global (ALI Slnks) 17852.869792357151.436 44382.624 .000 .000 83491189.650 
Weighted Average 44382.624 44382.624 .000 .000 ~676.626 

02 xOntano 02 Ontario i 15706.863722886765.305 46023.624 .JOO .000 15706.863 
06 Resldual 11 261.886 12052929.072 46023.624 .000 .000 2902217.343 

Global (AlI Sinks) 15968.749734939694.377 46023.624 .000 .000 2917924.206 
Weighted Average 46023.624 46023.624 .000 .000 182.727 

03 xNortheast 03 Northeast i 42263.342************* 37629.316 .000 .000 42263.342 
Global (Ali Sinks) 42263.342************* 37629.:n6 .000 .000 42263.342 
Weighted Average 37629.316 37629.316 .000 .000 1.000 

04 xMideast 04 Mideast i 39596.648************* 40383.624 .000 .000 39596.648 
07 Resldual 2i 3136.789126674898.519 40383.624 .000 .000 24884145.127 

Global (AlI Slnks) 42733.437************* 40383.624 .000 .000 24923741.776 
Weighted Average 40383.624 40383.624 .000 .000 583.237 ... 

...1. 

CJl 
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• 
05 xGreat Lakes 

Global (AIL sources) 

05 Great Lakes i 
06 Resldual li 
07 Residual 2i 

Global (AlI Sinks) 
Weighted Average 

Global (AIL Sinks) 
Weighted Average 

• 
46233.580************* 
7187.721288181801.138 

110151.369************* 
163572.670************* 

40093.624 

282391.066************* 
40375.178 

• 
40093.624 .000 .000 46233.580 
40093.624 .000 .000122277517.341 

40093.624 .000 .000905774706.615 
40093.624 .000 .000************* 
40093.624 .000 .000 6285.270 

40375.178 .000 .000************* 
40375.178 .000 .000 4035.091 
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Inport (Sinkl Flows and 'Jalues - Base CurrenCf: TARIFF C~E 0745, 1996 HERGED SUFPLï 
--------------------------------------------------------------------------------------------------

01 Quebec l 01 <Quebec 11170.856495803055.326 44383.524 .000 .GOO 11170.856 
Global (AlI sources) 11170.355495803055.325 44383.524 .000 .000 11170.855 
Welghted Average 44383.524 44383.624 .000 .000 1.000 

02 ontano l 02 xOntano 15706.8637229Q2472.168 46024.624 .000 .000 15706.363 
Global (AIl Sources) 15706.863722902472.168 46024.524 .000 .000 15706.863 
Weighted Average 46024.524 46024.524 .000 .000 1.000 

03 Northeast i 01 xQuebec 192.000 9829175.766 51193.524 .000 .000 1307712.000 
03 xNortheast 42263.342************* 37630.316 .000 .000 42263.342 

Global (lUI Sources) 42455.342************* 37691.655 .000 .000 1349975.342 
Weighted Average 37691.555 37691. 655 .000 .000 31. 798 

04 111deast i al xQuebec 192.000 10564151.766 55021.624 .000 .000 2042688.000 
04 xMideast 39596.648************* 40384.624 .000 .000 39596.648 

Global (AlI sources) 39788.648************* 40455.255 .000 .000 2082284.648 
Weighted Average 40455.255 40455.255 .000 .000 52.334 

05 Great Lakes l 05 xGreat Lakes 46233.580************* 40094.624 .000 .000 46233.580 
Global (AlI sources) 46233.580************* 40094.624 .000 .000 46233.580 
Weighted Average 40094.624 40094.624 .000 .000 1. 000 

06 Residual li 01 xQuebec 6298.013359651958.228 57105.624 .000 .000 80129618.794 
02 XOntario 261.886 14955146.414 57105.624 .000 .000 2902217.343 
05 xGreat Lakes 7187.721410459318.479 57105.624 .000 .000122277517.341 

~ Global (AlI Sources) 13747.620785066423.121 57105.624 .000 .000205309353.477 
->. Weighted Average 57105.624 57105.624 .000 .000 14934.174 ....... 



• • • 
07 Residual 2i 04 xHideast 3136.789151559043.646 48316.624 .000 .000 24884145.127 

05 xGreat Lakes 110151.369************* 48316.624 .000 .000905774706.615 
Global (AlI Sources) 113288.158*********·*** 48316.624 .000 .000930658851.742 
Weighted Average 48316.624 48316.624 .000 .000 8214.970 

Global (AlI Slnks) Global (AlI Sources) 282391.066************* 44410.269 .000 .000************* 

weighted Average 44410.269 44410.269 .000 .000 4035.091 

->. 
->. 

co 
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~.PPE.\ji\IX ~O: SCENARIO 2, 1993 

Export (Source) flows and Values - Base Currency: TARlfF CASE:3202, 1989 MERGED SUFPLY, SHADOW PRICE 

--------- Export (Source) -------- --- Export Tariff ---
ID Exporter [Source) ID Importer (Sin~) Quantity Value Pnce Speciflc Ad Valoren Trans. Cost 

----------------- --------------- -------- -------- ---------- -----------
01 '<Quebee Dl Quebec i 11030.019427460218.752 38754.260 .000 .000 11030.019 

02 OntariO i 972.907 37704296.747 38754.260 .000 .000 3362367.119 
03 Northeast i 192.000 7440817.922 38754.260 .000 .000 827112.000 
04 Mideast i 192.000 7440817.922 38754.260 .000 .G8~ 1562688.000 
06 Residual 11 7732.887299682315.606 38754.260 .000 .000 98385522.021 

Global (AlI Slnks) 20119.813779728466.949 38754.260 .000 .000104149319.158 
Weighted Average 38754.260 38754.260 .000 .000 5176.456 

02 xOntario 02 Ontario l 14105.929595400813.215 42209.260 .000 .000 14105.929 
Global (AlI Sinks] 14105.929595400813.215 42209.260 .000 .000 14105.929 
Welghted Average 42209.260 42209.260 .000 .000 1.000 

03 xNortheast 03 Northeast l 41373.630************* 39408.739 .000 .000 41373.630 
Global (AlI Sinks] 41373.630************* 39408.739 .000 .000 41373.630 
Weighted Average 39408.739 39408.739 .000 .000 1.000 

04 xMldeast 04 Mideast i 38561.464************* 42033.321 .000 .000 38561. 4b4 

Global (AlI Slnks) 38561.464************* 42033.321 .000 .000 38561. 464 
Welghted Average 42033.321 42033.321 .000 .000 1.000 

~ 

~ 

CD 
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• 
05 xGreat Lakes 

Global [AlI Sources) 

05 Great Lakes i 
06 Re:adual li 
07 Residual 21 

Global (Ali Sinks) 
We1ghted Average 

Global (AlI Sinks) 
Weighted Average 

• 
47618.247******~****** 
5399.070206326870.019 

116564.322************* 
169581.639************* 

38215.260 

283742.475************* 
39144.949 

• 
38215.260 .000 .000 47618.247 
38215.260 .000 .000 71602468.359 
38215.260 .000 .000958508417.410 
38215.260 .000 .000************* 
38215.260 .000 .000 6074.705 

39144.949 .LlOO .000***-********* 
39144.949 .000 .000 3997.998 
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Inpcrt (Si~k} Flows and ,alues - Base Currency: TARIFF CASE:3222, 1989 MERGED SUFPLY, 5HADOW PFICE 
--------------------------------------------------------------------------------------------------

---------- Inport (Slnk) --------- --- Import Tarlff ---
ID Importer (SlP~) ID Exporter (Source l QuantLty Value Pnee Spe<:lfic Ad Valoren Trans. Cast 

--------------- ----------------- -------- -------- ---------- -----------

01 Quebee l 01 \Quebec 11030.019427471248.771 38755.260 .000 .000 11030.019 
Global (AlI Sources) 11030.019427471248.771 38755.260 .000 .000 1l030.019 
Weighted Average 38755.260 38155.260 .000 .000 1. 000 

02 Ontano l Dl !l'Quebee 972.907 41066663.866 42210.260 .000 .000 3362367.119 
02 ÀÛlltario 14105.929595414919.144 42210.260 .000 .000 14105.929 

Global (Al! Sources) 15078.836636481583.010 42210.260 .000 .000 3376473.047 
Weighted Average 42210.260 42210.260 .000 .000 223.921 

03 Northeast i 01 xQuebec 192.000 8268529.922 43065.260 .000 .000 827712.000 
03 'INortheast 41373.630************* 39409.739 .000 .000 41373.630 

Global (AH Sources) 41565.630************* 39426.625 .000 .000 869085.630 
Weighted Average 39426.625 39426.625 .000 .000 20.909 

04 Hideast i Dl xQuebee 192.000 9003505.922 46893.260 .000 .000 1562688.000 
04 xMideast 38561.464*****~******* 42034.321 .000 .000 38561. 464 

Global (AH Sources) 38753.464************* 42058.394 .000 .000 1601249.464 
Welghted Average 42058.394 42058.394 .000 .000 41.319 

05 Great Lakes i 05 xGreat Lakes 47618.247************* 38216.260 .000 .000 47618.247 
Global (AlI Sources) 47618.247************* 38216.260 .000 .000 47618.247 

-" Weighted Average 38216.260 38216.260 .000 .000 1. 000 
N ...... 



• • • 
06 Residual Il 01 xQuebec 7732.887398067837.627 51471.260 .000 . 000 98385522.021 

05 xGreat Lakes 5399.070277929338.377 51471.260 .000 .000 71602468.359 
Global (AlI Sources) 13131.957675997176.004 51471.260 .000 .000169987990.380 

Weighted Average 51477 .260 51477.260 .000 .000 12944.604 

07 Resldual 2i 05 xGreat Lakes 116564.322************* 46438.260 .000 .000958508417.410 

Global (AlI Sources) 116564.322************* 46438.260 .000 .000958508417.410 
Weighted Average 46438.260 46438.260 .000 .000 8223.000 

Global (AlI Slnks) Global (AlI Sources) 283742.475************* 43142.947 .000 .000************* 
Weighted Average 43142.947 43142.947 .000 .000 3997.998 

~ 

1\) 

'" 
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APPE.'IDIX 11: SCE.truu~ 2, 1996 

Export (Source) Flows and Values - Base Curren~y: TARIFF CASE:2616, :993 MERGED SUFPLY, SlL~ PRICE 
----------------------------------------------------------------------------------------------------

--------- Export (Source) -------- --- Ex~rt Tarlff ---
ID Exporter (Source) ID Ir.1porter (Sink) Quantity Value Pnce Speclfie Ad Valcren Trans. Cost 

----------------- --------------- -------- -------- ---------- -----------

01 xQuebec 01 Quebec l 10831.758435226498.955 40180.596 .000 .000 10831. 758 
03 Northeast i 347.450 13960759.048 40180.596 .000 .000 1372776.025 
G4 Mldeast i 192.000 7714674.451 401BO.596 .000 .000 1493568.000 
06 Resldual li 9448.333379639666.382 40180.596 .000 .000120211145.287 

Global (AlI Sinks) 20819.542836541598.837 40180.596 .000 .000123088321.071 
Weighted Average 40180.596 40180.596 .000 .000 5912.153 

02 xOntano 02 ontano i 15080.148636614861.230 42215.427 .000 .000 15080.148 
Global (AlI Sinks) 15080.148636614861.230 42215.427 .000 .000 15080.148 
Welghted Average 42215.427 42215.427 .000 .000 1.000 

03 xNortheast 03 Northeast l 38857.252************* 44130.596 .000 .000 38857.252 
Global (AlI Slnks) 38857.252************* 44130.596 .000 .000 38857.252 
welghted Average 44130.596 44130.596 .000 .000 1.000 

04 xMideast 04 Mldeast l 35354.364~~~~~~~~~~~~~ 45758.596 .000 .000 35354.364 

Global (AlI Sinks) 35354.364************* 45768.596 .000 .000 35354.364 
Welghted Average 45768.596 45768.596 .000 .000 1.000 



...... 
N 
~ 

• 
05 xGreat Lakes 

Global (All Sources) 

04 Mideast i 
05 Great Lakes i 
06 Resldual li 
07 Residual 2i 

Global (AlI Sinks) 
Welghted Average 

Global (ALI Sinks) 
Welghted Average 

• 
863.214 34737120.624 

46124.500************* 
3395.815136653018.338 

113030.071************* 
163413.600************* 

40241.596 

273524.905************* 
41612.642 

• 
40241.596 .000 .000 4771848.565 
40241.596 .000 .000 46124.500 
40241.596 .000 .000 42997810.323 
40241.596 .000 .000929446271.861 
40241.596 .OO~ .000977262055.249 
40241.596 .000 .000 5980.298 

41612.642 .000 .000************* 
41612.642 .000 .000 4023.179 
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tl'lport fSInk) Flows and Values - Base Currency: TARIFF CASE:2616, 1993 lŒRGED SUPFLY, SHft.fl1l PRIeE 
--------------------------------------------------------------------------------------------------

---------- Ioport (Slnk) --------- --- L~port Tariff ---
ID Importer (Sink) ID Exporter (Source) Quantity Va.!.ue Pnee SpeC1ÏlC Ad valoren Trans. Cast 

--------------- ----------------- -------- -------- ---------- -----------
01 Quebee l 01 xQuebec 10831.758435237330.713 40181.596 .000 .000 10831. 758 

Global (ALI Sources) 10831.758435237330.713 40181.596 .000 .JOO 10831. 758 
Welghted Average 40181.596 40181.596 .000 .000 1.000 

02 Ontario l 02 XOntario 15080.148636629941.378 42216.427 .000 .000 15080.148 
Global (AlI Sources) 15080.148636629941.378 42216.427 .000 .000 15080.148 

Welghted Average 42216.427 42216.427 .000 .000 1.000 

03 Northeast l 01 xQuebec 347.450 15333535.074 44131. 59t', .000 .000 1372776.025 

03 xNortheast 38857.252************* 44131.596 .000 .000 38857.252 
Global (lUI Sources) 39204.702************* 44131.596 .000 .000 1411633.277 
Welghted Average 44131.596 44131.596 .000 .000 36.007 

04 Mideast l 01 xQuebec 192.000 9208242.451 47959.596 .000 .000 1493568.000 
04 xHideast 35354.364************* 45769.596 .000 .000 35354.364 

05 xGreat Lakes 863.214 39508969.188 45769.596 .aaa .000 4771848.565 
Global (ALI Sources] 36409.579************* 45781.145 .000 .000 6300770.929 
Welghted Average 45781.145 45781.145 .000 .000 173.053 

05 Great Lakes l 05 xGreat Lakes 46124.500************* 40242.596 .000 .000 46124.500 
Global (AIl sources) 46124.500************* 40242.596 .000 .000 46124.500 

-" Welghted Average 40242.596 40242.596 .000 .000 1. 000 
N 
(J'1 
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l'V ....., 

• 
06 tles11ual Il 

Q7 Pesldual 21 

Global (AlI Slnks) 

Dl \'Quebec 
05 '<Great La~es 

~lobal (AlI Sources) 
~elgnted Average 

05 "Great Lakes 
Global (AlI Sources) 
Welghted Average 

Global (AlI Sources) 
Welghted Average 

• 
9448.333499850811.5iO 
3395.8151 79650828.661 

:2344.148679501640.331 
52903.596 

113030.071************* 
113030.071************* 

48464.5% 

273524.905************* 
45635.821 

• 
52903.596 .000 . 2CQ1:0:111~5 :57 
52903.596 .~oa .~GO ~:997S10.3:3 

52903.596 GOO 000153208955 611 
52903.596 .000 .JOO 12'05.372 

43464.596 .000 .000929446271.861 
48464.596 .aoo .000929446271.861 
48464.596 .000 .000 S2~3.000 

45635.821 .000 .000************* 
45635.821 .000 .000 ~023.179 
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APPENDIX 12: SCENARIO 2, 1999 

Export (Source) Flows and Values - Base Currency: TARIFF CASE 2012, 1996 MERGED SUPPLY SHADOW PRICES 

--------- Export (Source) -------- --- Export Tariff ---

ID Exporter (Source) ID Importer (Slnk) Quantlty Value Pnce Specifie Ad Valorem Trans. Cost 

----------------- ----- ... _-------- -------- -------- ---------- -----------

01 xQuebec 01 Quebec l 10772.753437428629.997 40605.091 .000 .000 10772.753 

03 Northeast l 192.000 7796177.467 40605.091 .000 .000 689472.000 

G4 Mldeast i 192.000 7796177.467 40605.091 .000 .000 1424448.000 

06 Resldual li 8982.514364735796.448 40605.091 .000 .000114284525.094 

Global (AIl Sinks) 20139.267817756781.378 40605.091 .000 .000116409217.848 

Weighted Average 40605.091 40605.091 .000 .000 5780.211 

02 \'Üntano 02 Ontano l 15074.076636820785.752 42246.091 .000 .000 15074.076 

06 Resldual Il 838.618 35428352.503 42246.091 .000 .000 9293569.962 

,; lobal (AH Slnks l 15912.694672249138.256 42246.091 .000 .000 9308644.038 

Welghted Average 42246.G91 42246.091 .000 .000 584.982 

J3 \~IC'r:heast ,)3 Ncrtheast l 39098.~96************* 43359.028 ,JOO .000 39098.486 

;lJr~l l~ll 31nksl 39098.~96**~********** 43959.023 .CCJ ODe 39098.486 

~el;ht?j ~ver:ge 4]959.0~3 43959.C28 ~oo .000 l ~OQ 

:~ \.\,f::êas: :~ "'.:eas:: :6;:i.i?S***~******~** ~:El~.:4~ .:SJ .=~J 2S3H.~98 

~.:ta_ ,~:: ~:~~S: 36::4 4?S*·******~**** !:614 :~3 :~J :SQ ~~3l4 ~9a 

~el:~:ei ~~e=3:e ~:6l~.:~2 ~:514 :!3 -,-' , ',' • _ J'~ :.:']0 



...... 
N 
co 

• 
05 xGreat Lakes 

Global (AlI Sources) 

05 Great Lakes l 

06 Res11ual li 
07 ~esldual 2i 

Global (AlI Slnks) 
Welghted Averlge 

Global (AlI Sinks) 
Welghted Average 

• 
45369.276*********~*** 

2934.297121086948.809 
111243.190************* 
159546.762************* 

41266.091 

271011.708************* 
42245.641 

• 
41266.091 .000 .000 4536~.276 

41266.091 .000 .000 35393485.139 
41266.091 .000 .OO0914752ï48.260 
41266.091 .ÙOO .OOG950191602.574 
41266.091 .000 .000 5955.568 

42245.541 .000 .000************* 
42245.641 .000 .000 3970.252 



• • • 
Import (Sink) Flows and Values - Base Curreney: TARliF CASE 2012, 1996 HERGED SUPPLY SH~ PRICES 
--------------------------------------------------------------------------------------------------

---------- Import (Sink) --------- --- Import Tariff ---
ID Importer (Sink) ID Exporter (Source) Qua~·lty Value Priee Speciflc Ad Valorem Trans. Cast 

--------------- ----------------- -------- -------- ---------- -----------
01 Quebec i 01 xQuebec 10772.753437439402.750 40606.091 .000 .000 10772.753 

Global (AH Sources) 10772.753437439402.750 40606.091 .000 .000 10772.753 
Welghted Average 40606.091 40606.091 .000 .000 1.000 

02 Ontario i 02 xOntario 15074.076636835859.828 42247.091 .000 .000 15074.076 
Global (AlI Sources) 15074.016636835859.828 42247.091 .000 .000 15014.016 
Welghted Average 42247.091 42247.091 .000 .000 1.000 

03 tfortheast i Dl xQuebec 192.000 8485649.467 44196.091 .000 .000 689472.000 
03 xNortheast 39098.486************* 43960.028 .000 .000 39098.486 

Global (AH Sources) 39290.486************* 43961.182 .000 .000 728570.486 
Welghted Average 43961.182 43961.182 .000 .000 18.543 

C4 !üjeast l Jl \"Quebec 192.000 9220625.467 48024.091 .000 .aoo 1424448.000 
0,* \Mldeast 36314.498************* 45615.143 aoo .000 36314.492 

';lcbal ',UI Sources) 36506.498***~********* 45627.813 .ooa .~OO 1460752.492 
~eq!1ted Average 45627.813 45627.813 .000 .J~O 40.Q!4 

JS ~:?at ~a~es : ,::; \'::-ea: :..a"E'S 45363.275*~******~~*** 4:267. C91 J:'Q . JC!~ ~5263 276 
~~~bal ~ll 50:r.:-::-esÎ ~53S? :;5*~K***~.*.X*. ~125;.J?! :QQ ~,;) 45363 276 
1\0' _..,.~4 '3.' ~r~-o:1 ·n:6~. J9~ 4~267.J91 "H],"', J~Q 1.GQJ 
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-" 
W 
0 



• • • 
06 Resldual li 01 ;;Quebee 8982.514479020321.542 53328.091 .000 . 0001142845Z5.094 

02 XOrltarlo 838.618 44721922.465 53328.091 .000 .000 9293569.962 

05 xGreat Lakes 2934.297156480433.948 53328.091 .000 .000 35393485.139 

Global (AlI Sources) 12755.429680222677.955 53328.091 .000 .000158971580.195 
Welghted Average 53328.091 53328.091 .000 .000 12463.052 

07 Residual 21 05 :<Great Lakes 111243.190************* 49489.091 .000 .000914752748.260 
Global (AU Sources) 111243.190************* 49489.091 .000 .000914752748.250 
Weighted Average 49489.091 49489.091 .000 .000 8223.000 

Global (AlI Sinks) Global (AH Sources) 271011.708************* 46215.893 .000 .000************* 
Weighted Average 46215.893 46215.893 .000 .000 3970.252 
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