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' Short title:

THE IMPACTS OF TARIFFICATION IN THE DAIRY INDUSTRY.




ABSTRACT

The impacts of tariffication on Canadian milk producers were estimated via
supply price and trade flow parameters using a spatial ptice equiibrium model

applied to milk production regions of Canada and the United States

Two price scenarios were put forward because of supply management in
Canada The first incorporated producer prices while the second used shadow
prices for Canadian producers defined as the producer price less a reduction in
price which accounts for the value of production quota The hypothess that
tanffication reduces milk production i Canaria to the extent that I S producers
Increase their exports to Canada was partly supported in scenarno one but not in
scenario two Specific tanffs of $11 00/hl prevented tH S imports to reach Quebec
and Ontario However the rest of Canada mcieased its unports from Great | akes
in the detrment of Quebec and Onteno Consequently production decreased
shghtly m Quebec and increased mn Ontano  whereas prces  decreased
significantly in both provinces Scenaro two showed ability of Quebec and Ontario
to withstand Amerncan competitton Prices and production level remamed
unchanged while export flows to the rest of Canada increased to the detnment of
the Great Lakes

The present study investigated only a specific aspect of the tanffication
proposal in the GATT and does not intend not to reflect the very complex aspects
of GATT negotiations The findings of this analysis must be interpreted with this
caveat Further studies considenng other plausible tanffication scenanos or
effective tarffs on an individual darry product basis would broaden our

understanding of the potential implications of tanffication




RESUME

Les impacts de la tanfication sur I'ndustrie laitiere sont analysés selon les
quantites produites, s prix et les echanges commerciaux entre les regions
laitieres dominantes du Canada et des Etats-Unis L'étude fut realisee suivant un

modele spatial d'équilibre de prnix intitule Generalized Transportation Problem

Deux scenarios de tanfication, basés sur un tanf spécifique de 11 00%$/hl,
furent proposes pour remplacer les quotas d'importations actuels L'un imphquees
ptix aux producteurs et 'autre les prix virtueis comme etant le prix du producteur
moins la valeur du quota accumulee dans le prix du lat Les résultats du premier
scenaro demontrent que les importations americaines au Quebec et en Ontario
ne changent pas Cependant, les Amencams augmentent leurs exportations dans
te reste du Canada | a production tend légerement a la baisse au Quebec et a la
hausse en Ontano, quant aux prix, la baisse est significative dans les deux
provinces |e deuxieme scenano démontre la compétitvite du Québec et de
I'Ontarno suite aux maintiens des prix et des quantites preduites et a i'augmentation

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

De tels resultats demontrent certains ajustements nécessaires de la
production laitiere face a une competition accrue des Etats-Unis dans le cadre
d'une Iiberal'sation des échanges L'utilisation du prix virtuels démontre le potentiel
d'expansion de la production, des prix et des échanges commerciaux au Québec

et en Cntario

La presente étude traite d'un aspect particulier de la tanfication et ne
pretend pas reprodurre fidelement les méandres de la proposition Dunkel Ainsi,

les implications d'une telle analyse se doivent de considérer certames hmites
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CHAPTER ONE: PROBLEM STATEMENT
11: PROBLEM STATEMENT

The proposed changes under the General Agreement on Tariffs and Trade
(GATT) am to reduce nternational trade barners The tanffication plan put forwaid
tothe GATT panel in November 1989 suggests. the replacement of imiport quiotas

with equivalent tanffs (Moschini, 199 1)

The GATT was intiated in 1947 as a lemporary measure hefore  the
acceptance of the International Trade Organization, which pever came mto
existence following its rejection by thee US Congress  Since its begintungs (GATT
has completed sever rounds of neqgotiations, the cunent Utuguay round  was

launched in 1986 and comprises the complex and protected agucultural sector

GATT provisions with respect to mport access aie included within Article
XI, which states gereral prohibition concerning quantitative restnctions, However,
Article XI contains one exception very important for Canada, which says  that
quantitative restnctions on imports are permitted in the specific case wherer it 1s

coupled with domestic supply restrictions

The oniginal intent of Article X1 included in the Charter of the GAITT was o
satisfy the Amernicans about the protection of their farm programs under the U 6
Agricultural Adjustment Act (Section 22) In 1955 however, the Americans ganned
a GATT waiver concerning ther obiigations vis-a vis trade distorting measures
This exception allows United States to impuse import quotas, for important
agricultural commodities ke dairy products, sugar cotton, and peanuts, Therefore,
the original article X1 was no longer necessary (Rudeet al, 1992, Canada, which

mitially disapproved the incorporation of article XI by United Staie< feanng wade




distorting 1impacts, later invoked it, in the 1970's, to implement its supply

management programs (Rude et al. 1992)

As a result, both Canada and United States have used import quotas for
dairy products and for other major commodities These guantitative restrictions
have been based on historical trade profiles that tend to be static from one year
to the next and as a whole have represented around 3 percent of domestic
production The ratonale benind this trade philosophy has been to protect
domestic dairy producers from the negative effects of the international market That
15, the darry industry has been oniented toward domestic demand rather than

export-oriented

Marketing boards are prevalent in several sectors of Canadian agriculture
Powers and activities of marketing boards throughout Canada vary widely from a
promotional or product marketing role, to the more powerful supply management
role with production or marketing quotas The latter type of marketing board 1s
restricted to milk, poultry, eggs and tobacco. which account for roughly half the
boards and 25% of farm cash receipts in Canada (Forbes et al, 1982) These
sectors use import quotas coupled with domestic production quotas in order to

enforce thenn objectives related to supply control, and improved producer welfare

Bilateral trade under GATT in darry products between Canada and the
United States requires the elimination of import quotas on dairy products in favor
of tanff schemes The emerging hypothesis s-ys that the application of tariffication
would decrease mik production in eastern Canada to the extent that American
producers, through exports to Canada. wili replace reduced Canadian milk

production

The hypothesis 1s tested using a quadratic spatial price equilibrium model

that 1s solved for equiibrium prices, and production, as well as export and import

2



quantity flows given domestic supply and demand functions, and existing trade
constraints The model 1s recursively solved for three specific periods of analysis
(1) the i ' penod with tanff implementation (2) the period compnsing a tantt
reduction of 18% and. (3) the final tableau with 36°: reduction completing the

proposed phase-out period of six years

Supply and demand functions for the relevant regions of United States and
Canada are obtained from the lterature. since 1t 1s not the objective of this study
to estimate such economic relationships The objective 1s to measuie the impacts

of policy changes. given supply and demand relationships

1.2. ORGANIZATION OF THE THESIS:

The investigation of the impacts of tanffication on the Canadian dany
industry will be presented in the following steps Chapter two presents a review of
literature pertinent to the analysis First, the review surveys the issue of tanffication
and the political and economic climate with respect to agncultwal trade  Second,
charactenstics of the Canadian and the Amernican dairy industry are outhned A
discussion on agricultural trade models considers the role and the capabilitiesof
spatial models, including three different empincal models the Amencan Dauny
Sector Simulator (USDSS), the Canadian Regional Agricultura Mode! (CRAM), and
the Generalized Transportation Problem (GTP) Chapter three discusses the
methodology used to measure the impacts of tarffication on dary trade GI1Psa
competitive and a surplus maximization problem used in international trade: In this
study, it 1s applied to potential dairy trade between United States and Canada The
methodologicai approach which 15 described in this chapter ncludes  data
requirements, solution procedures and validation techmquesinvolved Chapter four
shows the valdation outcome and the results of tanff implementation replacing
import quotas with respect to two distinct tanffication scenarnos Results areshown

for the three perniods of analysis In terms of quantity produced, mik pnces, and

3




trade flow patterns for each of the regions considered in Canada and United
States The results are discussed with respect to two hypothetical tanff scenarios
reflecting the tariffication proposal of the GATT and their implications on dairy
producers Fimnally, the conclusion recapitulates the discussion, relates the
hmitattions  of Generalized Transportaton Model (GTP) and makes

recommendations on further research on the topic



2.0 REVIEW OF LITERATURE
2.1 THE TARIFFICATION ISSUE

The philosophy of the General Agreement on Tanffs and Trade (GATT) 1s
that market forces should drive international economic adjustments There are two
main parts to the GATT which am to remove impediments to nternational trade
the first one relies on two basic principles where (1) all signatones will not
discriminate against the products of any other member and (2) they will not raise
import tanffs above the agreed levels The second part 1s moie explict in the
sense that it consists of articles covering a whole array of trade 1estiction policios
(Rude et al, 1992) The article important for this study. is Article XI that provides
insulation from international markets for supply managed industnies  This article
prohibits the use of iImport quotas, unless they are coupled with export restnctions
Therefore. it can be interpreted that only industries with a negative trade balance

usually invoke this article (Rude et al, 1992)

Another important article frequently mentioned in the literature 1s Article XVI
which prohibits export subsidies except for agncultural products  Besides
exceptions provided by those articles XiI and XVI there are other agneuitural
exemptions provided by the GATT treaty The wawer provided to United States as
a condition to jomn the member countries in 1955, allows the Amencans to be
released from their obligations by imposing import quotas to protect ther farm
programs for dairy products, sugar, cotton and peanuts under the Section 22 of
the U S Agricultural Adjustment Act Another exemption was provided to the
European Community under the form of vanable import levies that are not
specifically prohibited by the GATT (Rude et a/ 1992) Finally, the GATT does not
define any limits concerning domestic assistance to agrniculture Al industnahzed
countries are highly involved in agricullural support programs  Thus, huge surplus
from excess production, depressed international prices. many trade disputes and

distortion of production and trade patterns have resuited (Rudeet al, 1992)

(]




The curren* round of negotiations, with the 108 signatories, calls for
important changes in policies reguiating international trade concerning agricuiture.,
one of the last bastions in GATT not yet settled by an agreement This round of
negotiations, called the "Uruguay Round", was initiated 1n 1986 and it Incorporates
new areas of negotiations that were not included n the previous rounds such as
service, Intellectual property, textiles as well as agriculture At the present time,
agnculture 1s still not ratified by an agreement and negotiations have still made little
tangible progress (DFC, 1991)

An agreement among the 108 countries involved has not yet come to fruition
because of mportant policy divergences between two major players United States
and European Community (Lemay, 1990) Nevertheless, progress has been made
and Canada must be prepared for the imphcations of such a deal According to the
GATT proposal, Canadian agriculture will face crucial changes with regard to trade
hberalization Forinstance, the day industry ranking second nationwide behind the
beef sector in terms of total farm cash receipts, will face increasing pressurefor
greater trade flexibility at the border Figure 1 shows that in western Canada beef
and cereals (mainly wheat) are the dominant productions, animal production such
as dairy, swine and poultry production lead in Eastern Canada Swine producers
trade heavily with the United States, while dairy and poultry productions are not
export-oriented and rely on a supply management structure charactenzed by import
and domestic supply restrictions (Schmitz, 1983) Nationwide, dairy and poultry
represent roughly 23% of agricultural cash receipts (Lebeau et al, 1990), justifying
the increasing concern towards the recent GATT proposal that suggests the

abolition of the import quota system
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In the early 1970's, the national supply management program for milk was
established to incorporate earlier marketing programs for fluid and industrnial milk
segments Provincial boards have administered tluid milk programs while the
industnal milk pricing has been managed by the Canadian Dairy Commission since
1966 Darry producers' associations lobbied for regulatory interventions mainlyin
terms of interprovincial trade: barriers and national import quotas (Veeman, 1988)
To enforce import quotas, a special provision named Article Xl 2(c)(1) n GATT
allows one country to insulate its domestic market by imposing an import quota on
the commodities 1n guestion as long as it s coupled with domestic supply
restrictions  Quotas on both domestic milkk production and dairy product imports
were mtroduced with the following multiple objectives in mind (1) higher and more
stable revenues to producers against the argument of weak producer's bargaining
position in face of ohgopsony at the wholesale level, (2) minimal government costs
since surplus milk are greatly reduced, (3) stable milk supply, (4) maintenanceof
the milkk industry size, (b) mamtenance of family-sized farms by slowing down
adjustments towards larger farms, and (6) distnibutional equity to some extent

across individuals and regions (Barichello, 1981)

As a result of the costly price and subsidy wars between United States and
European Economic Community (E E C) agricultural exports (Lemay, 1980), the
GATT has come up with a tanffication proposal touching four interrelated areas
(1) 1mport access (2) export subsidies, (3) nternal support. and (4) santtaryand
phytosamtary measures The proposal is an attempt to alleviate trade barrers
among trading countries by replacing all non-tanff barmers, 1 e import quotas, for
the dary industry with taniffs calculated as the difference petween the domestic and
the world price durning the base penod of 1986-1988 after all transaction costshave
been considered Such tanffs will be gradually reduced given a phase reduction
scheme The tanff reduction proposed under the GATT calls for average tanff
reductions across all agncultural products of 36 percent over a six-year period

(1993-1999). 1e 6% per year The mimmum tanff for an individual product 1s 15
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percent Since the 36 percent 1s a simple average across all agricultural
commodities, Canada may decide to apply the minimum reduction tanfi of 15% tor
highly protected goods like dairy. provided there 1s an otfsetting percentage for the
other goods involved In addition, all clauses restricting agnicultural mpoitsas well
as Article Xl. the cornerstone of supply management in Canada, will be ehminated
As an adjustment period during the phased reduction schedule the United States
have envisaged tariff-rate_quotas (Moschini, 1991), after this penod. the residual

method of protection would be abgund tanff

An important problem concerning taniffication anses as non-equvalence
between tanffs and non-tanff barrners because of imperfect competition in importing
countries, price instability in both importing and exporting countries, and inefficient
allocation of quantitative restrictions (Moschini, 1991) Thus, appropnate equivalent
tanffs cannot be solely computed on the basis of price differences between
countries Tanff-rate quotas are meant to be a transitional tools for tanff
implementation, howevar, they are not widely adopted as a commercial policy
because of greater administrative burden to enforce both tantf payments and quota
limits (Moschini, 1991) Figure 2 displays the tanff schedule as a step function The
tariff rate syster. reflects the Amencan position involvingone quota level and two

tariff levels in-quota and over-quota tariffs




Tariff-rate guotas

ESS3
Price Price
A
Pd
Pw
Q tit Quantity
vantity
X X
a) in~quota tariff is binding b) over-quota tariff is binding
LEGEND:
Pd: domestic price
Pw: world price
ED: excess demand
ES: no-tariff excess supply
FIGURE 2' TARIFF-RATE QUOTAS ES2:in-quota excess supply
SOURCE Moschini, 1991 ES3: over-quota excess supply
X: import quota
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This 1s illustrated in a partal equilibnium framework with three different
excess supply curves one for the in quota case(ES2), one for the over-quota
case(ES3) and the orniginal no-tarift excess supply(ES) tacing the importing country
In this scenano over quota tanffs act as a safeguard when the quantity imported
exceed the specthied import quotas Theretore over quota tantts are greater than
in-quota tarffs Given the two tanfts (both are ad valorem tantts) and the import
quota the effective excess supply s given by the bold portion hinking the two
excess supply curves The imphcations of tanft rate quotas depend on where the
effective excess supply(ES) and the excess demand(FD) of the impoiting country
intersect it s worth notice, here. that such a tanff rate system does not put an
absolute ceiling onimport volumes Figure 2(a) and (b) reflect binding n quota and
over-quota tanffs, respectively The imphcations about the conversion of import
dairy quotas into tanff-rate quotas vary according to the method employed In a
situation where the quota will be hixed at the observed level of imports and the
computation of the over-quota tariff 1s based on the observed price gap tor a recent
penod, the in-quota tanff will be binding it the observed price gap between trading
countries overstates protection oftered by import quowas Conversely, over quota
tanffs are binding when the price gap understates the protection proveded by those

import quotas

After the conversion process, the next step involves a gradual decrease in
the over-quota tanff and an increase of the quota level over the qiven tantf
implementation period This will lead to a unique reduced in-quota tanft. as the

remamning quota 1s ehminated (Moschini 1991)

Moschini and Meilke (1990) have studied the impacts of tanffication with
supply management in Canada on the specific case of U & Canada chicken trade:
The authors investigated the impacts of (1)large and (2)small tanffs on the chicken
industry 1n replacement of Canadian import quotas The results focus on two

categories of equivalent tanffs exhibiting dissimilar consequences Price-
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preserving tariffs (1) reflecting the actual price difference between the U S and
Canada, keep the domestic prices unchanged from the actual quota system, but
drive the imports down to zero On the other hand.import-preserving tariffs (2)
preserve the current levels of imports but substantially decrease Canadian chicken
prices Regarding the tanff magnitude, results showed price-preserving tanffsto be
roughly three times the import-preserving tanffs, 1e 40 % and 15 % (based on
U S price), respectively These findings for the chicken industry provide a useful
benchmark for other major supply managed industries in Canada, like the dairy

industry

Canada, as a major agricultural exporting nation, Is in a e.fficult position On
one hand the country i1s in favour of a proposal calling for trade liberalization that
will elminate the world price war for agrcultural commodities, costing bilhons of
dollars to Canadians Exports of primary resource commodities are important to
Canada because of its historical positive balance of trade regarding agricultural
commodities such as cereals and ollseeds, beef, and pork Therefore, these
sectors sutfer from such trade distortions On the other hand, other predominant
sectors of the Canadian agriculture ke eggs, poultry, and dairy productions have
based their structure on a supply management where import access is very hmited
Tanff conversion applied to these insulated sectors of the economy would initiate

fundamental changes in the structure of Canadian agriculture
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2.2 INDUSTRIAL STRUCTURES
2.2.1 CANADIAN DAIRY INDUSTRY:

The Canadian community decided, through its political dectsion process. in
the early 1970's to put in place a centralized decision system, [The National
Marketing Board System], which has regulated the dairy mdustiy since  nitiafly. the
central system was responsible for allocating provincial share of themdustrnal nulk
production. where in turn, each province was allowed to choose its own systen of
reallocation rc its producers Some provinces chose a centralized or adnumstiative
system for quota allocation However, Quebec and Ontano have chosen aquota

market for allocating its provincial quota share to producers The Natonal

Marketing Board System has had junisdiction on milk production fonindustrial use
only, whereas milk production for fluid milk purposes was established under
provincial jurisdiction Interprovincial fluid milk trade 1s prevented, because the

quota system was established as an incentive to provincial self sutficiency

The imtial allocation of industnal milk quota to provinces was based on the
highest of the following two amounts  milk deliveries duning the fiscal year 1969 70
or the subsidy ehgibility quota For subsequent increases or decreases in the
national quota, each province's quota allocation was modified according to its
share of quota in effect at time of changes [However some of the lowest-share
provinces have received some special allocations or benefits to lessen the
disadvantage of being small] These allocation adjustments have been based on
population vanation, regional per capita consumption, regional market needs, prior
quota utiization, and comparative advantage However in practice, provinces have
not been able to mutually agree on the weighted value attributed to cach of the
above factors Consequently, allocation was decided by ad hoc decisions made
through subsequent negotiations involving parties of the ten provinces in orderto

allocate milk production licenses (Proulx and Goun, 1989)
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Concentration patterns in favor of Québec and Ontario were observed before quota

implementation in the 70's This dynamic pattern has been slowed down because

of the distnbutional equity effect of quotas, but they are still the leading provinces

in terms of milk production

\

|

|

' In Canada, Mk production 1s concentrated in Québec and Ontario
\

TABLE 1 DISTRIBUTION OF MILK PRODUCTION BY PROVINCE

Canada: Distribution of Farms Reporting 18 or More Dairy Cows
and Milk Production, 1986 or 1988

1988 1988 1988 1986
Fluid? Industnals Totalt %4 of Number % of
Pioving e (hn oy (M) Production ol Farms  Farms
Central - - D
Ontano ON 10,245 15,168 (5,413 33% 11,787 31%
Quebng Qu 7,018 22,801 29,0§§_ L 39% 16,252 rlg%
Central Total 17283 37,969 55251 72% 28,039 74%
Manting ~-
Neowloundland NF 180 0 180 0% 0%
Hova Scota NS 1,157 645 1,802 2% 714 2%
‘ New Hinnswic k NB 695 684 1,380 2% 628 2%
Puonce [ dward Isiand re 143_ 863 1,006 1% 752 2%
Martime Total 2,176 h 2.193‘3_ T .?365_ 6% 2,114 6%
W(!'.i - ot T v o -
Mantoba MA 1,173 1,938 J 11t 4% 2,432 6%
Saskatchewan SA 983 1,360 2,343 3% 1,825 5%
Alberta AB 2,602 3,332 5,934 8% 2,489 7%
Antish Columbna 3103 3,172 _ 1,833 5,006 7% 1,050 3%
West Total ___7.930 8463 16,393 2% 7,796 21%
Canada CA 27,388 48,624 76,012 100% 37,849 100%

! Standadizad to 3 6 kg butter fat per hi

Source 1986 Census of Agiuliure, Statislics Canada

SOURCE Price Waterhouse, 1991.

For the period 1983-87, Québec and Ontario possessed, respectively, 47%

and 31% of Canadian industnal milk quotas (Proulx and Goun, 1989) Québec has

shown the greatest milk surplus in absolute quantities Since the implementation
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of supply management, Québec, along with the Maritimes, has had a tendency to
increase Its national quota share, while the Praines and Ontanio have shown a

decline (Appendix 1)

In Canada, the Canadian Dairy Commission (CDC) sets a target price and
a support price to regulate the price for industnal milk in Canada The targetprce
Is established based on a cost of production formula that includes returns for
tabour and return on equity It 1s based on butter and skimmed milk powder target
prices (Appendix 2) Those two products are linked at the processing level because
one I1s the co-product of the other Histoncally, they have been the two prnincipal
dairy products for milk-fat and solid non-fat components of raw milk  The target
price includes a direct subsidy payment (support price) which becomes the basis
for pnicing milk in each province Producers' prices across the provinces may vary

because they are linked to provincial programs and policies

Fluid milk pricing, under provincial junsdiction, follows a similar pattern but
with the difference of costs of production being specific to each province As a
result, both industnial and fluid milkk prices are heterogencous across provinces
These two categories of milkk refer as Poal 1' and Pool 2°, respectively and have
two different price schemes Fluid milkk price is higher than industnal price: because
of histoncal differences 1n phytosamtary and daly producton requirements
‘hroughout the year However, production delivery standards are already the same:
ror both fluid and industnal milk, whereas differences in nulk qualty standards will
be eliminated following an agreement for identical producton and — pricing
conditions for both pool 1 and 2 by 1996 This agreement takes its source from

asymmetry in the ownership of quota rights for pool 1 and pool 2 among mdvidual

'"Pool | includes fluid milk and fresh cream

“Pool 2 1ncludes butter. cheese, 1ce cream, yogurt, skimmed milk powder




. producers Increasing friction due to numerous factors such as historical higher
investment made by fluild milk producers, the skimming process of fluid mik
affecting industnial mitk quota, and the persistant higher flud milk price over
industrial milk confronted with industnial 'k standards resembling fluid milk
standards Consequently the Federation des Producteurs de Lait du Québec
(FPLQ) voted n Fall 1991 for a progressive merging of the two pools to reacha
unique quota and a unique blend price, according to milk final uses by 1996 For
the present study this argument is taken minto consideration where flud and
industrial milk producers will be merged to account for one all-milk supply
response: Distributional asymmetry regarding fluid and industrial milk quotas. even
if decreasing, 1s still prominent This may imply different elasticities reflected i
distinct output responses at the production level Within each province. fluid milk
supply almost perfectly matches the provincial demand through the fluid milk quota
that always contamns unused quota in order tc match short run demand changes
with production adjustments without modifying the provincial production quota

. allowance Industnal milk however does nol maintain such a ngid tie because
transformed products can be stored and transported farther distances relative to
flund nulk and. contranly to flind milk surpluses are exported ' As a result, the
province of Quebec shows the greatest industnal milk surplus and dary product

exports to other provinces that are deficit regions (Appendix 3)

“The Canadian Dairy Commussion has allowed a chronie surplus to exist so as
to msure fullillments of domestic requirements which mdirectly provide a window

. for Canadian dairy exports
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2.2.2 THE AMERICAN DAIRY INDUSTRY

The U S Dairy sector is regulated by two price programs The Dairy Price
Support Program and the Federal Milk Marketing Order Program The former
established in 1941 supports mikk price to 75-90% of panty' The Commodity
Credit Corporation (CCC) has maintained the support price by purchasing excess
butter, cheese and nonfat dry milk from dawry processing plants at prices
calculated to permit the processors to pay the support price Program costs
fluctuated quite a bit in the 50's and 60's, but reached very high levels in the 70's
and 80's In the late 70's. milk production started to increase without a
corresponding increase in demand A tentative answer may be the nise in thomilk-
feed price ratio for the period 1974-83, caused by an abrupt drop in gram prices
Government costs rose from 0 25% billion in 1979 to 2% bilhon in 1982 83, where

the CCC purchases represented 12% of US milk production in 1982 83 (GAO,
1988)

Dairy program cnanges were made, in the early 80's. to reduce government
costs, milk production. and government purchases The ngid tie between milk price
support and panty guidelines was eliminated so that prices no longer mcrease
parallel to panty (Hammond and Brooks 1985) for nstance, producers were
charged an extra fee per hundred-weight (cwt)in 1983 to affset some gqovernment
programs, an incentive milk diversion program was introduced in 1984 Despite
these adjustment programs government costs and mvolvernent in the: industry are

still very high, and the dairy industry faces additional necessary needed changes

*Parity reflects the current price level at which a unit of mitkk would have the
same purchasing power 1t held between 1910-14, when prices received and paid by
farmers were considered to be 1n good halance
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The Federal Milk Marketing Orders (FMMO), the other major dairy price
program which regulates an increasing proportion of all mikk sold (70% in 1983)
spectfies mimimum milk prices (class A) paid to producers in the 45 geographical
marketing orders of United States The basic objective of this program s to fulfil

regional flud mitk demand with corresponding regional milk supply points

This program introduces the concept ofclassified pricing enforced both by

government and producer cooperatives, where the price for flurd milk (class A)
depends on its end use processors pay a Class 1 pnce for flud mik and
decreasing prices for industnal milk Class 2 and 3 (Table 2 Only Marketing
Orders can deat with fluiid milk  for producers wanting to sell through a FMMO. they
must satisfy minimum conditions with regard to phytosanitary measures and with
minimum production flow delivered to the plant Within each marketing order, there
are four prices of ncreasing magmtude Minnesota-Wisconsin price, class I, 11,
and | prices A pooled price 1s also computed and 1s paid to class-A approved
producers (either pooled or non-pooled), this price 1s higher than the Wisconsin-
Minnesotall S base price (grade B) for processed dairy products Fluid milk prices
differ in each FMMO, while manufactunng milk prices, based on the Upper
MidWest Grade B mitk price are more uniform natonwide” As opposed to the
Canadian system, fluid mikk purchase is allowed between marketing orders but, as

long as costs of purchases and transportation from alternative sources arelower

than within the milk purchasers’ home order

" The above pricing system does not apply for Pacific states Western milk
pricing s difterent from nulk pricoing on the east side of the Rockv mountains
Cahformia, the biggest supplier on the west coast. 1s not covered by a FMMO but it
rather has its own nulk prieimg syvstem Fringe milk producing states geographically
close to Califorma are thus mfluenced by 1ts price structure
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TABLE 2: Mode of payment - processing plants to produgers

pooled producers

1
type of ':::}o’d::;':. 1 clasmified pricing. price patd by
producers (weigh ted average)} | *iovtated by FMMO . procersing plants
1
pooled plants
class 1
% utitization fluid mitk

{highest price)

1
|
A cooperanve. I
class~A-approved _l

class 2 yogurt, ice cream
% utilization re— sOuUr cream
independant
producers o ——
class-A-approved : cheddar cheese
,' ct:‘l': butter, other cheese
Y zation skimmed milk powder

non-pooled
producers -~ M-W base price «-

class-A-approved \\__ non-pooied piants
all dairy products

M-W base price <« except fluid milk
non-pooled (lowe st price)
producers

class-B-approved

« Faderat Mitk Marheting Ordar

s¢ Minnesota-Wisconsin base price

SOURCE: GREPA, 1987
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U S producers do not recewve the price processors pay but a blend
pricewhichis the average of fluid (class 1) and manufacturing milk prices (class 2
& 3) weighted by the proportion going for each purpose within a given marketing
order Price supports and marketing orders through classfied pricing’ are two
different requlatory structures dealing with the same industry Even though they
were not designed to work together they affect each other It has been said that
marketing orders have promoted self sufficiency in milk production at the expense
of discouraging comparative advantage Therefore price support program become
very mportant from the viewpomnt of low cost areas Without marketing orders, fow
cost regions would send more fluid milk to high cost areas, resulting in higher
blend price for low cost producers since a greater proportion would be sold as fluid
grade mik Therefore, one method to compensate these low cost producers has
been to mamntain a relatively hugh support price in these areas by purchasing,
through the Commuodity Credit Corporation large guantities of dairy products at
that price (Hammond and Brooks. 1985) Conversely, the argument for low cost
producers apply equalty well for igh cost producers. where Federal Mitk Marketing
Order program 1s a key aspect n providing price protection against product

movement onginating trom low cost regions

Similarly to the Canadian structure, dairy production 1s very asymmetrically
distributed across United States According to Table 3, mutk surplus 1Is
concentrated in the northeastern part of the country New England. an historical
leading dairy region and the Great Lakes region, currently the leading dairy region,
are both closely located to the Canadian most important dairy region being the

province of Quebec and Ontario

‘A pricmg system under which the price of milk depends on the use made of the
milk Higher prices are charged for milk used for fluid purposes
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TABLE 3 DISTRIBUTION OF MILK PRODUCTION BY STATE

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

1988 1987
Production! %5 of Numbet % ol
State _{(h)  Producton of Fauns Farms
take Slates -- o
Michigan M 23,030 4% 4,905 4%
Wisconsin Wi 110,128 17% 32,870 24%
Minnesota MN 45,871 7% 14,629 1%
Lake States Total 179.52??» _ 28% 52,404 T 8%
Corn Belt -~ T T o N h i
lowa 1A 17,797 3% 5,720 4%
Missourn MO 13,215 2% 3,961 3%
llinots IL 12,356 2% 3,094 2%
Indiana IN 9,841 2% 2,649 2%
Ohio OH 21079 3% 5,656 4%
Corn Belt Total 74,288 12% 21,080 15%
Northeast -— T T o ) -
Pennsytvama PA 44,950 7% 11,872 9%
New York NY 50,412 8% 11,722 9%
Connecticut CT 2,383 0% 437 0%
Rhode island 21 172 0% 47 0%
Massachusells MA 2,031 0% 509 0%
Vermont vT 10,524 2% 2,489 2%
New Hampshiro NH 1,339 0% 323 0%
Maine ME 2,837 0% 779 1%
Delaware DE 595 0% 93 0%
Maryland MD 6,357 1% 1,318 1%
New Jersey NS 1,744 0% 412 0%
Northeast Total © 123344 19% 30,001 22%
Total Three Regions 376,661 59% 103485 76%
Pacihc --
Washington WA 17.471 3% 1,369 1%
Calforma CA 81,966 13% 2,519 2%
Idaho 1D 11,572z 2% 1544 1%
Pacilic Total 11014 7% 5432 aw
United States us 639,413 o 100”_/}) __1976.30(_) ~1(.)‘0‘1/9

1 Standardized 10 3 5% butter fat per hi

Source 1987 Census of Agnculture, USDA

SOURCE Price Waterhouse, 1991
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However, it 1s important to differentiate between production and net surplus
Calfornia 1s a big milk producing state, but less important in terms of net surplus
For the sake of this study which investigates pciential trading patterns among
regions, the focus I1s on net surplus regions and their relative proximity to Québec
and Ontano (Appendix 4) The Northeast, the Great Lakes, Québec and Ontario
are both important milk producing and milk surplus regions Milk deficit regions like
Southeast U S and the rest of Canada will also be incorporated in this study since

they play ar. important role in the consumption of those milk surpluses
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2.3 TRANSPORTATION

Net surplus and deficit regions bring the transportation 1ssue in the
foreground Transportation of dairy products allows nuilk surpluses to be matched
with deficit regions The magnitudes of transfer costs set the geographic location
of market boundaries between regions however the ranges ot transter costs are
charactenstic of dary products Metzger (1982) mvestigated  thee st of
transporting dairy products. namely fluid milk, butter and 1ce cream {or vanous
distances, loads, and truck uses for Northeastern and Mid Atlantic states T he
regression of costs per hundredweight (cwt) of dairy product mdicated that distance
and truck use. and not truck load accounted for most vanations n hauling costs
In terms of fixed costs, base rental was the prncipal item. the batance being
msurance premiums, while fuel accounted tor most of the vanable costs
Projections for 1985 and 1990 were made based upon rental insurance 1ate and
gasoline prices to increase by 10% annually, and all other costs to increase by5%,

all at simple annual rate

Metzger(1982) has investigated the most frequently usc mode  of
transportation for dairy products, trucking, but does not mention derequlation and
ts impacts on dairy transport costs Sweeney(198G) has made a thorough
descripticn of deregulation in the transportation industry According to the: authors,
itis mnaccurate to say that the motor carmer industry was requlated by the Motor
Carnier Act of 1935 and deregulated by its 1980 version Over half the mterstate
trucking industry in 1980, was not regulated by the T ederal government anyway
Indeed, hauling of agricultural commodities was not requlated except wafely The
Motor Carrier Act(MCA) of 1980 has eliminated or changed a substantial deqgree
of Interstate Commerce Commission(tCC) requlations however some aspect of
motor carrier operations were added to its junsdichon Concerning agneulture  the

MCA in 1980. set rules that still maintans significant freight services to be




exempted from the junsdiction ot the Interstate Commerce Commission Articles
of potential influence for dairy product transportaticn are as follows

1) vehicles controlied by a farmers and transporting agricultural commodities, and
2) transportation of agricultural commodities (other than manufactured products
thereof)

Hence, transport at the production level is still not regulated by the |C C
but it is so at the processing fevel Contrarly to the trucking industry, the railroads
exemptions cover a much wider field in agricultural commodities transport For
mstance  transport of butter. condensed and evaporated dried milk cheese and
specialty dairy products and processed whole milk as well as all farm products
except few items are specifically exempted from regulation So the deregulation
issue 1in 1980 was not cntical per s Some fields were effectively deregulated,
some were requlated and others like agncultural commodities basically remained
almost unregulated As a result, Metzger'sresearch on dairy transport costs with
projections for 1985 and 1990 can be used, although with caution, for moving milk

and dairy products across the regions considered in this study

Regarding eastern Canadian regions, Québec dairy products(fluid milk) are
transferred from the processing (pasteunzing) plants to retall markets following
three broad types of transportation First, transporters fully integrated by dainies,
second independent workers paid by commission from daines(trucks stiil belong
to the dany), and third independent drivers representing 10% of the market In the
province of Quebec, the cooperative movement is well established and specialized
Following horizcrtal concentration, dairy cooperatives are also concentrated and
vertically integrated into darry products transportation Interprovincial movement of
dairy products allows some degree of competition with Ontario transporters such
that per unit costs of transportation between Québec and Ontario are very similar

under equivalent conditions
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2.4 NETWORK MODELS
2.4.1 GENERAL:

The trend toward globalization of trade in agniculture 1s atready mitiated and
the dairy industry cannot avod this trend  The purpose of this section 1s to roview
developments in rmodelling and forecasting North American agricultural trade, and
to apply these findings to dairy trade The present section aims at surveying trade
models and displaying the perspective between them and with the model and the

solution algonthm to be In this study

The essential objectives achievable with trade modelling are as foliows, first,
to clanfy trade linkages between Canada and U SA n an increasingly complex
and interrelated world agricultural economy For this purpose, network models can
contribute to fithng the large knowledge gap in the natue of global
interdependence and to Wdentify current and emerging problems 1n world
commodity markets The second objective 15 to test the theory suggesting which
variables should be included in a model These quantiative techniques are used
to compare the theoret:ical framework aganst real world data  The thud objective
Is to provide useful forecasts policy and program analyses as well as projections

for policy and decisionmakers (Thompson, 1985)

Thompson's survey of agricultural trade models provides a solid comparative
appraisal of spatial models as well as a descriptive analysis of two alternative trade
models non-spatial and trade flow models Anderson et al (1985) provide: a
complementary approach by categorizing linear spatial models as transportation,
transshipment, and assignment problerms Thompson (1985; discusaed  two
widespread algonthm structures used by transportation models hinear and
quadratic programming Figure 3 denotes the different agricultural trade: models
currently use and how they relate to each other in section 2 4, the survey made

by Thompson (1985) will discuss NON-SPATIAL, SPATIAL, and TRADE FLLOW
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models LINEAR vs QUAD-ATIC programming in spatial models will also be
discussed in view of the classification made by Anderson (1985) In section 2.5,
empincal work will be surveyed for (1) Iinear and (2) quadratic transportation
models, and for (3) hnear transshipment formulations It will be achieved with the
United States Dairy Sector Simulator (USDSS), the Canadian Regional Agricultural
Model (CRAM) and the Generalized Transportation Problem (GTP), respectively
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Agricultural trade models
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FIGURE 3 AGRICULTURAL TRADE MODELS
SOURCE Thompson, 1985
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2.4.2 TRADE MODELS

The present section accomplishes two interrelated objectives First, to make
a review of Thompson's comments on trade model, considering their temporal
order of development and their applications to agricultural trade, and second. to
provide commaon ground for comparing the quadratic spatial model to be used 1n
this study with other models applied in agricultural commodity trade Companisons
with other classes of models provide a better background the selection of GTP for
measunng he impacts of tanffication on mikk production Charactenstics leading to
their advantages and shortcomings will be concisely addressed For spatial
models, distinctions between LINEAR and QUADRATIC algonthms will be
appraised The discussion evaluates the appropriateness of spatial theory in view
of alternative morlels' theory The next section will review empirical work performed
in the held of dary trade which provides a sold benchmark and situates the
present study concerning its implications and capabiltes in analyzing trade
potential for dany products across the USA and Canada. markels presently

highly requlated by trade barners

A relevant technique to analyze the tanffication problem 1s provided by the
network or spatial modelling structure The solution technique used by
USDSS(transshipment), CRAM(transportation) and GTP(transportation) models
allow regional price chaiactenistics and ther interrelations to be captured bythe
maodel The categornies of agncultural trade models to be discussed are TWO-
REGION models and MULTI-REGION models further subdivided into non-spatial,

spatial, and trade flow or market share models
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24.2.1 TWO-REGION MODELS

The structure of these models 1s divided intwo parts the region of interest
(usually a country). and a second. often called a residual reqion Basically, the
approach s a domestic market open to international trade £ ven though they are
the simplest form of network models. they do contain export demand and mport
supply functions and they allow for inkages between domestic and world prce to
determine domestic supply demand and prices in relation with thes 1ost of the
world Two region agncultural trade models have mited possibditics bocause they
can be used only to analyze domestic policy 1ssues since they cannot account for
change n supply o, demand relations of one particular country aggregated into the
“rest of the world" region Such arquments apply equally well for the anelysis to be
between Canada and USA since consderation of more than two LegIoNs 15
necessary to capture regional disparitics Based on the type of analysis they
perform, two-region models are not real trade models In the stiictest sense
because they do not account for delimited import and export flows, they explan

only net trade flows

Agricultural dairy trade between Canada and U S A has tobe analyzed al
a subnational level to capture the differences among important mitk producing
regons Thus. it becomes necessary to specfy a model that considers
Intraregional disparnties within each country For that purpose. two reqion, models
have achieved very imited success in  contributing to the objectives of agneultural
trade modeling Further, they especially fail to reach a consenous on the

magnitude of export demand price elasticity for the regions considered ( Thompeon,
1982)

29



2.4.2.2 MULTI-REGION MODELS

Multi-region models emphasize regional dispanties which are captured using
separate homogeneous entilies to represent the according trading regions Each
region 1s represented by an excess supply or demand schedule for each
commodity (if dealing with multi-commaodity models). or by its internal supply and

demand structure accounting for the region's export and import behaviour

In the literature reviewed. three basic classes of trade models consider
multiple regions These are non-spatial models, spatial r..odels. and trade flow
and market share models Although some models treat nore than one commodity
simultaneously, most of them deal with one commodity at any given time Multiple
region models, take the aggregate "rest of the world" region and divide it intotwo

Cr more regions

The above three models require empirical estimates very similar to two-
region models nevertheless, multi-region problems differ in the nature of the price
inkages between trading regions and in the mathematical procedure to solve the
problem The solution procedure fo. each of the three multi-region algornthms
imposes a different set of restrnctions on the behaviour of the vanables
endogenized in the model Thus, these differences affect the abilities among the
three classes to answer one or more of the above cited objectives of agricultural

trade modelling

2.4.2.2.1 NON-SPATIAL PRICE EQUILIBRIUM MODELS

This type of model, the simplest of multi-region models, 1s a partal
equihbrium model To treat trade relationships between regions, they assume a
global market to clear through a world price level determined simultaneously by

supply and demand balance among all regions Nonspatial mode!s provide world
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market-clearing price and net trade flow for each trading region but nothing on
source-destination trade flow Models of this sort are further categonzed as three
subclasses A first subclass assumes one global market-clearng price at which
all international trade occurs where it completely abstracts differential prices
associated with freight rate In the second subclass commodity prices i all but
one region (base region) in the model are inked thicugh transportation costs to the
remaining regions The third subclass links prices through transport costs among
trading partners Although this subclass considers spatial patterns of prnces it does
have one substantial difference with spatial models it only generatesnet trade
flow for each trading region as opposed to source-destination trade flow
endogenized in spatial models Although tanffs schedules can be casily
tncorporated nonspatial price equiibrnium models tend to have an exaggerated free
trade bias (Thompson, 1982) Some important contributions of these mindels have
been made to reflect the policy environment, however nontanfl bamers that
predominate in agricultural trade. are more difficult 1o endogenize m nonspatial
models as opposed to tanff policies Thompson (1982) n his sutvey  stades that
non-spatial price equilibrium models focus on model specification and solution
technique rather than on the empincal content Non spatial price equiibrnium
models carry an excessive free trade view In realty all countries, mtervene m then
domestic agriculiure, whether as import or export subsiding  specific or vanable
tariffs. or as import quotas(the most widely used restriction method) to provide
some form of protection Such policy interventions which still permt trade tooccur

but in a distorted manner must be incorporated into trade models

One of the most mportant contributions of non-spatial price equihbnum
models has been the analysis in which world market price shocks are transmitted
to the domestic market througl a policy reaction function or price transmission
equations This 1s ar important feature in which nonspatial multiple: reqion models

are an improvement over two-region models




2.4.2.2.2 SPATIAL PRICE EQUILIBRIUM MODELS

This 1s the most common class of agricultural trade models, especially for
comparative static analysis to measure the effects of changes in a particular policy
Therr distinguishing feature comprnses trade flows and market shares as
endogenous variables Prices, according to spatial equilibrium theory, are linked

only to those pairs of countries actually trading with each other

Similar to nonspatial models, the data requirements are internal supply and
demand schedules or expurt supply or import demand schedules for each trading
region, information on all policy variables, transportation costs, and exchange
rates The basic difference lies in the solution techmique Most common spatial
price equilibnum models are formulated with linear export supply and import

demand schedules ar.d they are solved by quadratic programmina

Historically, the special structural problem that was first analyzed was the
inear transportation problem, a particular category of network models Such
models exhibit a special structure that can be used in the construction of efficient
algonthms for therr solution (Bradley et al, 1977) The search for an efficient
solution procedure for this problem resulted in the first widespread application of
linear programming to problems of industrial logistics i he important feature that
allows such efficiency is the simplex algornthm allows subtraction without the need

for maintaining and updating the usual tableau at each iteration

The spatial formulation first introduced by Samuelson(1952) was later
converted Into a quadratic programming problem by proving appropriate linear
dependencies between regional supply, demand, and price by Takayama and
Judge (1972) and has shown wide possibilities of applications in agricultural trade
Recent developments in non-linear solvers have overcome the limitations of linear

programs, even though trade flow patterns may not be replicated through a
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quadratic structure because countries may differentiate commodities traded by
country of origin, they may hmit trade with quanitative restrictions o they may
purchase from many suppliers to spread nisk In the lterature spatial mocd'els most
frequently use linear export supply and import demand tunctions and solve by the
quadratic formutation put forward by Takayama and Judge (1972) Samuelson
(1952) stated that the maximization of the area under all the excess demand
functions less the area under the excess supply schedules minus total transport
costs permits a competitive, spatial, equibrium solution to be attamed The
contnbution of Takayama and Judge was to show the maximization of a quadratic
objective function subject to linear constraints was inherent . Samuclson's
argument More recently, Holland (1985) developed an tterative, nonlinear spatial
equilibrium solution algorithm that has been applied for world wheat trade This 1s
the Generalized Transportation Problem that will be furher discussed n the

following section

Anderson et al (1985) took a different approach and distinguish between
transportation models and transshipment models In their explanation, the authors
looked at linear algorthms to make therr compansons. and did not raise the 1ssue
with quadratic programming With this argument in mind  the structures of
transportation and transshipment models are very similar They anse in planning
the distribution of goods or services from several supply points to scveral demand
locations, where supply quantities at cach location are fixed or restricted, and
where quantity demanded 1s predetermined The major difference hes in the
addition of intermediate nodes for the transshipment structinre Figure- 4 denotes
the linkages between intermediate node< with supply and demand nodes They
usually represent either temporary storage capacity or processing market level for
the commodity(ies) traded, the Dairy Sector Simulator mode| developed at Cornell
University 1s the most appropriate example where dawy processing plants have

been regarded as intermediate nodes



Agricultural spatial models

transportation transshipment
supply demand supply intermediate demand
- o { =~ 7N P
g >/ 77N ( £
& )><6\ i - - R
f |
N 7 ! 5 X/”—\ X(
. | B
k ) v \\ r) : C) v K /) S \/
i . ] S
legend.
—— trading arce
( ) region nodes

FIGURE 4 TRANSPORTATION AND TRANSSHI®MENT STRUCTURES
SOURCE Andercon et al (1985)

Spatial price relationships are mairly determined by transfer costs between
regtons providing competitive conditions prevall Price differentials across regions
have potential impacts at the groduction level, which directly reflect farmers'
behaviour through supply responses At the supply level, product prices differ from
one region to the next depending on its proximity to principal market areas Under
competitive conditions, spatial price differentials across the regions are solely due
to transfer costs For many agncultural commodities this is not reahstic, differences
may exceed transfer costs because of incomplete or inaccurate information,
preferences of buyers for a particular product source, but the dominant reason hes
In powerful mstitutional or legal barrners (Tomek and Robinson, 1972) In darry
trade, present regulation across Canada causes transfer costs not to be linked to
distance separating production from consumption pomts Trade between United

States and Canada exhibits very restrictive barriers to trade causing the
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assumption of competitive conditions to be unrealistic The Canadian dairy

Industry, similarly to its Amercan counterpart, 1s highly regulated. especially
concerning import access

Even with the proposed scenario of tariffs in replacement of import quotas.
it 1s not realistic to use a spatial model based on a free trade assumption, rather,
an algornithm taking into account remaming restrictions measures would be more
appropniate As mentioned previously. agricultural trade models which take caresof
such situations are not widespread, however, the "Generalized Transportation

Problem" developed by kolland (1985) 1s one of them

The present type of policy analysis will assume tanff schemes to be carned
out over a six-year period, leading to freer trade profile at the end of the phase in
period To analyze this scenario, 1t may become necessary to gather mformation
on the time path of adjustment of supply. on disappearance, and on price, but
dynamic models developed for this purpose are expensive and hard to manage
Instead, static spatial models can be expressed as dynamic by hinking current

supply as a function of lagged prices and to solve the model recursively through
time (Thompson, 1982)

Spatial models are most useful in analyzing interregional price relationships
and trading patterns where they are numerous producing and consuming points
The most important varnable determining spatal price: relationships 1 transfer
costs It 1s important, to collect data on transfer costs that are specihic to each
region to the extent that they are available The spatial equihbnium formulation has
been one of the most popular approaches for policy analysis br.cause of the
advantages with trade flows generated and with non-tanff barmers easily

introduced In the model




Anmportant argument in favor of spatial models over nonspatial models 1s
the generation of trade flows and market shares. two important vanables of
interest However therc have been some questons raised because empirical
findings demonstrate correlations between trade flows generated in the solution
and observed data not to be very high In the real world. there exist many
quantitative restrictions related to trade policies that bring additional tradeflows to
the basic solution as those restrnctions are added to the model Spatial models
require: a large number of such restrictions to perform relatively well in measuring
trace flows Thompson (1982) mentioned that these models are efficient in
measunng the effects of changes in transport costs on net trade position However,
these effects have to be interpreted with caution since trade flows solutions are
very sensitive to any small changes in transport costs Further many doubts have
been raised about their efficiency i policy analysis, mainly because of the
assumptions of spatial equilibrium theory may not explain reahty i agricultural

trade

According to Thompson (1982), the greatest deficiencius of spatial models
found in the lterature anse from empincal applcations data deficiencies,
specification error simultancous equation bias, and validation Data requirements
are very similar to non spatial models so that deficiencies in data apply equally well
to both modeIs with exception of transportation costs Freight rates are key inputs
for spatial models. however unrehiability and lack of data often impair the results
The second shortcoming s specification error when dealing with a partal
equiibnium framework Models suiveyed often contain linear functions for exoort
supply and mmport demand for each trading region. very few consider domestic
supply and demand curves apart from residual derived exports or imports The
common procedure 1s to specify and estmate the export supply and import
demand quantity as a function of its own price alone (Thompson. 1982), other
parameters being omitted Third most supply and demand functions in spatial

equibrium models are estimated with ordinary least squares regression where

36



quantity 1s a funcuon of its own price alone This is very likely to result inbiased
estimates of the price coefficient due to the combination effect of specification eror
and simultaneous equation bias with OLS If puce coefficients are biased. the
usefulness of spatial models for policy analysis 1s doubtful because price
coefficients are the key parameters in determining adjustments i response to

policy shocks

The literature 1s not nich with spatial models subjected to validation
techniques It seems to be a neglected aspect Validation citernia must be set as
to compare predicted and observed trade flows Thompson(1985) stated that the
choice of valdation critena must not be affected whether we choose an
econometric model of a world commodity market or a spatial equiibnium of the

same market, the only difference les i the solution procedure
2.4 2.2.3 TRADE FLOW AND MARKET SHARE MODELS

The motivation behind the development of these models was the lack of
capabihties of spatial price equiibrium models to efficiently estimate trade flows
and the lack of empimcal evidence for the "one prnce” rule in intermational
agricultural markets This imples that agncultural products are not perfectly
homogeneous concerning physical charactenstics Anunportant advantage of rade
flow (or market share) models consider commodiies not to he  perfectly
homogeneous, because importers may want to differentiate among upphers
because of historical or pohtical reasons or smply because: of world market
uncertainty The rationale behind trade flow models 1s the argume:nt that trade flow
patterns are not necessarnly related to prnices Ther approach beging with a
mechanical procedure that transforms trade flow patterns from one: year to the next
without considering prices Second «conometnic techniques explain one or more

elements of the trade flow matrix Third, the models incorporate a modificationof




spatial models where the elasticity of substitution among supply sources Is less

than infinite for each importing region

Development and applications of these models are to the most recent work
done n agricultural trade modelling (Thompson, 1982) Many of these approaches
seem to better represent observed trade flows than do spatial models
Nevertheless the theoretical background for trade flow and market share models
is erither nonexistent or of doubtful valdity (Thompson 1982) Very few works in
these modeils have considered the incorporation of policy content, they have hardly
contributed to explain the observed behaviour not explained by spatial models
Their mechanical techniques offer little usefulness for policy formulation although
they may he useful in forecasting Therefore their contribution has not been as
great as then potential Then main contribution to this field has been in testing
theory and to betler understand how world commodity trade works, although not
as much as if ther conceptors would have taken more care of the empircal
content of therr work Trade flow/market share models are based on a structure
which support the hypothesis that goods are differentiated by source of supply
However, there have been few attempts to incorporate these findings into empinical

work (Thompson, 1982)

2.5 THREE APPROACHES WITH NETWORK MODELS
2.5.1 UNITED STATES DAIRY SECTOR SIMULATOR (USDSS)

The survey of agricultural trade models provides insights about theory and
how it relates to the real world It 1s now necessary to consider empincal work in
darry trade The impacts of Federal Milk Marketing Orders (FMMO) on regional
milk prices are at the centre of many policy debates in United States Prattef a/
(1989) have analyzed the problem in therr paper on "Geographic Price
Relationstups in the U S Fluid Milk industry A Mathematical Programming

Analysis” The transshipment model of the American dairy sector combines both
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network flow and optimal plant location procedures. and calculate values ot nulk
supplies at Class 1 processing locations, calledshadow prices The authors argue
that geographic shadow price relationships contorm to the traditional requlatory
logic provided by Marketing Orders However. differances exist between relative
spatial values of milk provided by the model from those FMMO price differentials

implemented under federal policy (Prattet a/ 1989)

The Dairy Sector Simulator (USDSS) model ncorporates three functional
market levels farm supply, dairy product processing. and dairy product
consumption The supply side 1s aggregated into mutti-county supply areas that
were selected according to the distribution of nulking cows and where a single
point, normally a city, 1s chosen to represent the entire geographic area Sumlarly,
but independent of the supply side, aggregation 1s implemented to obtam mult-
county consumption areas The daiy product processing and consumption market
level considers five dary product groups flind mitk, soft manufactures (yoqgurt & ce
cream), cheeses, butter, and nonfat dry milk products including other evaporated
and condensed products USDSS assigns all processing faciities to representative
consumption or supply cities Within each "multi county consumption area’”, every
fluid milk plant 1s designated to the city representing the area of consumption
Alternately. all other processing facilities of the four(4) milk products (soft
manufactures, cheese butter, and NFDM) are attnbuted to the aty representing
the area of supply The rationale behind this assumption 1s that mitk production s
usually closely located to fluid mitk consumption area because of the penshable
nature of fluild milk For industnal milk, the same reasoning cannot be mvoked
because dairy products can be transported farther away The alternative 1 to link

processing plants to areas of supply
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2.5.1.1: TRANSSHIPMENT FORMULATION

USDSS can simultaneously solve for the optimal, least cost, processing
locations and corresponding mitk and dairy products flows. given any constraints
on processing locations and/or capacities (Pratt et al, 1989) USDSS combines
network flow and facilities' location methods 1in a single-time period and single
commodity transshipment model The formulation of this type of problem s
charactenzed by three distinct groups of nodes (Appendix 5) The first level of
nodes are the supply pomnts, the second level represents intermediate or
transshipment nodes (NODE LEVEL 2) which consider locations such as
warehouses where products from ongin (NODE LEVEL 1) can be stored
temporanly before being shipped to NODE LEVEL 3, dairy product consumption
The intermediate node level 1s the charactenistic of transshipment models that
provide the opportunity to study and emphasize the processing levels without
neglecting production and consumption levels USDSS provides detalled
information on processing market level since its major objective 1s to optimize
spatial plant allocation with respect to least-cost transfer routes through the
transshipment formulation However, USDSS does not incorporate supply and

demand functions but rather specifies them as fixed, a prion

2.5.2 CANADIAN REGIONAL AGRICULTURAL MODEL

Agriculture Canada has completed a study on "The Effects of Trade
Liberalhzation on the Canadian Dairy and Poultry Sectors" (Grahamet al, 1990) to
analyze what production patterns, supply responses, trade flows and provincial and
national sector earnings that may be expected from major commodities in Canada
and in other countnes if all support programs are dismantled multilaterally Such
a scenario 1s an extreme one, based on the general trend in GATT, 1t 1s unhkely

that multilateral negotiations would end with a completely free trade scenario The
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authors argue that the model estimates how Canadian supply-managed industries
like poultry and dairy would respond to this scenario According to Grahamet al
(1990). the free trade scenarnio provides a useful benchmark against which te
compare partial trade liberalization For instance. the authors incorporate findings
by Roningen and Di«t (1988) about the impacts of government mtervention in
agnculture, which reported that complete elimination ot subsidies would decrease
world production and consequently, world prices will increase by 19% on average
The market prices for different agricultural commodities were incorporated into
CRAM The dairy sector would gain with this scenario, and dairy farmers' net

earnings would be increased by 34%
2.5.2.1: STRUCTURE OF CRAM

The Canadian Regronal Agnicultural Model (CRAM), focuses on internationat
trade for agricultural commodities The program structure 1s based on static,
spatial, partial equilibnum hnear programming model which includes seven
agricultural commodity groups The dairy section consists of seven dairy products
and the dairy processing sector in each province Twenty nine crop regions (22 n
the Praies and 1 for each of the remaining provinces) and five geograptical
regions representing Canadian agriculture Additional charactenstics include
endogenous production input functions, and exogenous unit costs and commodity
inventories Supply and demand functions are specified for each commodity, with

excess demand/supply met by imports/exports

This multi-commodity and multi-region model Is intetesting hecause it has
empnasized the dairy trade sector as a separate entity with seven types of dary
products specified The dairy sector of CRAM differs from its earlier version with
respect to the manufacturing sector of all the provinces, which 15 more detaled

Additionally, farm gate mitk supplies are allowed to vary to capture the effects of
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policy changes The assumption of quota controls and fixed supplies 1s relaxed,

since supply functions are incorporated

In order to measure the impacts of complete trade liberalization, it 1s
necessary to determine the supply responses The authors present the analytical
difficulty of analysis with the supply management structure that prevents producers
from responding to prices as they would under an uncontrolied environment Thus.
the normal relationships used in economic analysis to predict producer response
tn various market situations are not reproducible Grahamet al (1990) argue that
it 1s possible to estimate a supply function provided the eristence of a random
sample of observations on output levels, input costs, output prices, and a rental
market for quota:the key parameter to estimate producers responsiveness in a

supply managed production

Traditionally, two strategies have been avallable to empirically estimate
supply functions for supply managed industnies The first concerns the computation
of shadow (or supply) prices as the difference between the administered price and
the quota rental price The second estimates an aggregated restricted profit
function defined from a multicommodity approach The latter requires output prices
and mput prices for more than one commodity, but no quota rental rates are
needed However, econometric problems are increased because of the large
number of parameters about the size of the time series avallable Because of
difficulties associated with both approaches, Graham et al (1990) developed a
hybrid approach to estmate provincial supply curves for supply managed
industries This can be achieved provided the availability of a random sample of
observations exists for output levels, input costs, output prices and a rental market
for quota exists (Moschini, 1988) But quota rental I1s prohibited by law. therefore
the best alternative is to use information on the capital values of quota to
determine supply (or shadow) prices In this case, quotas are viewed as assets

where their values equal the discounted value of present and future returns Quota
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values capture the difference between output prices and marginal costs of
production The authors point out the difficulty of defining an appropriate discount
rate that would allow for expected gains or loss with quotas expected real interest
rate, nsk associated with holding this asset. etc These quota values may be
interpreted as a measure of the captalized value of economic rent created by
restricting the supply This procedure assumes that the slope evaluations of these
supply functions are feasible Once the position of producers on thew supply
functions 1s established t becomes possible to estimate their response to profit
level or product price changes because of the removal of the production controls

under a freec trade regime (Graham et a/, 1990)

Supply response estimation 1s a difticult task with supply manage:.«ent In
United States. milk supply functions can be formulated as functions of milk prices.
input costs, profits of alternative productions. and general economi. conditions
(Buxton, 1985) In Canada, Moschin (1988) has descnbed two broad approaches
to assess supply response with supply-managed industries One requies farm-
level data while the other requires aggregate data There are two methods
availlable to estimate location and elasticity of supply for the: above two approaches
in supply function estimation either directly evaluated (through a cost function at
the farm-level or through a restricted profit function at the aggreqgate level) or
indirectly, through a prnior measure of the departure from marginal coat pricingto
estimate supply elasticity (using a profit function) Graham et ol (1990) have
decided to employ a hybnd of the approach using farm- level data with a measure

of marginal cost pricing, the rental value of quota
2.5.3 GENERALIZED TRANSPORTATION PROBLEM

The Generlized Transportation Problem software package (Holland, 1985)
provides up to ten (10) exporting regions and 25 importing regiors Lower and

upper bound constraints can be incorporated on export and impon quantties as
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guotas an addrtional charactenistic is that individual trade flow hmitations between

exporting and importing regions as specific or ad valoreratariffs and as exchange

rates Transportation costs between exporting and importing regions are specified
as fixed unit costs For excess demand and supply schedules the General:zed
Transportation Problem (GTP) 1s a static model that enforces a fixed functional
form allowing scalar, inear constant elasticity and mixed-type schedules forthe

excess demand and supply functions

A linear transportation model (CRAM) has been used for dairy trade and for
other major agricultural cornmodities to measure the impacts of free trade on
Canadian dairy producers hinear transshipment model (USDSS) has been used to
estimate optimal processing plant allocations in United States and consequently
how milk production would be influenced The GTP spatial model algorithm is a
surplus maximization problem using a quadratic formulation (Figure 5) which can
be utihzed, In the piesent study. to estimate the impacts on prices and quantities
produced and traded following the application of tanffication Hazel and Norton
(1970) defined the objective function that leads to an equiibrium solution as being
denved via the geometry of producer and consumer surplus The objective function
being defined as the maximization of the sum of producer and consumer surplus
(A+B+C) Thus GTP can be expressed as a surplus maximizaticn problem to

which a third element transportation costs has been added
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Producer and consumer surplus

Price

//”Supply function
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Demand tunction

Quantity

A: consumer surplus

B: producer surplus
C: total costs of production

B+C: gross margins

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 algort.hm used in GTP minmizes transfer costs by chocsing
the cheapest-cost supplier for each importing region, if a trade flow constramt is
binding, the model will search for the second lowest alternative, and so forth, if the
second best alternative 1s also constrained GTP links exporters and importers
through a price linkage function that s stmilar to the first order conditions for the

surplus maximization formulation
LP)=(P " (V+O)+U)"E+T)*((V,+1)/E) + U
where V, ad valorem tanff imposed by th exporter

U, specific tanff imposed by th exporter

exchange rate for the th exporter

— m

transport costs from th exporter to th exporter

ad valorem tanff imposed by th importer

specific tanff imposed by th importer

m c <

exchange rate for the th importer

The quadratic algorithm utilized by GTP 1s called the Vector Sandwich
Method(VSM) This type of algorithm is a fixed point or path-following equilibrium
which means that given an initial point, it will follow a path leading to an equiipnum
point The algonthm used by GTP moves from simplex to simplex following a set
of rules, where a linear approximation is created on each of the simplex where the
algonthm moves To move from an inial point to an equilibrium point, GTP needs
only price vectors and the quantity vectors linked to the price vectors There 1s no
necd for an objective function nor for dernvatives (or system of path-following
differential equations) to be evaluated As a result, it makes the algorithm relatively

easy to use and more flexibihty exists in excess equation formulation On the other
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hand, the algonthm converges more slowly compared to those algorithms using
derivative information (Holtand. 1985)

The assumptions of this model are (1) markets behave competitively, (2)
each region represents a distinct market, (3) the commodity traded s
homogeneous, (4) quantittes supphed and demanded are well-behaved functions
of prices, (5) transportation costs are constant per unit costs, and (6) the exporting

and importing regions may be specifieda prion

The theory underlying GTP 1s graphically presented in Figure 6 with a two-

region example where geographic price relationships are illustrated
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Trade between two regions

Region X Region Y Combined

l)

1

Qx-fy e o

FIGURE 6. TRADE BETWEEN TWO REGIONS
SOURCE Bressler and King, 1970
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Supply and demand curves are displayed for a high price region(X) and a

low price region(Y) When transportation costs are incorporaied the equilibrium

price 1s lower 1n the exporting region than i the importing region Thus, supply and

demand can no longer be aggregated directly but a displacement equivalent to

transfer costs must be added The exporting region(Y) shows an upward shift of

supply and demand by an amount "t" representing unit costs of moving the product

from region Y to X After that curves can be aggregated to iind the equitbnum

trading price (c') The final diagram ("combined"”) i1s expressed m terms of prices

prevailing in region X(importer)

The same analogy apphes to multi-region cases In short. a spatial algonthm

will follow these steps to solve for maximum surplus net of transportation costs

1)

Data on supply and demand for each region involved will be sinmmanzed
into excess supply and excess demand for all the: regions

The model will solve for an equilibrium price at which all aggregated supply
and demands are equated

From the equiibrium price, the algonthm solves for each region given the
binding constraints relevant to regions

rom regional prices, the algonthm determines consumption and production
levels for each region

The iterative procedure solves for the least-cost route, given the constraints
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CHAPTER THREE: METHODOLOQOGY
3.1 THE HYPOTHESIS TO BE TESTED

The hypothesis that tanffication would decrease nulk production in eastern
Canada to the extent that U S producers will increase their exports to Canada 1s
tested using a spatial price equilibrium model The solution algonthm of GTP
(Generahized Transportation Problem) i1s used to find a competitive. spatial price

equibrium given an array of potential constraints that can be introduced

The research objectives of this study are first, to calculate the impacts of
tanff implementation on mitk supply and demand. second, to analyze the effects
on producer milk prices, and third, to measure the impacts on interregional import
and export trade flows  In order to capture the most important regional effectson
milk producticn, the GTP model 1s apphed to five (5) delimited surplus regions
These consist of two Canadian regions provinces of Québec and Ontarnio and
three U S regions (Northeast, Mideast, and Great Lakes) (Figure 7) In addition,
one residual region for Canada and one for United States are incorporated to serve
as demand sinks for nulk surplus from the other regtons since these two residuals
are significant deficit regions Supply and demand equations will be specified,a
prior The five surplus regions are specified as both exporters and importers
whereas, the two residuals are restrained as being importers only All regions are

specified to conform to existing national, provincial, and state borders

The present chapter describes the methodology employed to test the
hypothesis that the conversion of import quotas to tanffs will decrease Canadian
milk production to the extent that US producers will export dairy products into
Canada to replace reduced Canadian milk production Thus. Section 3 2 describes
the core of the methodology as the linear supply and demand equations for each
of the regions considered. and how they are specified in the spatial model Section

3 3 explams the calculation of excess supply and demand functions, the form
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required by the solution algonthm Section 3 4 reviews tanff schedules while
section 3 5 provide precision and justification of transportation costs The recursive
procedure described in section 3 6 incorporates all of the above data in the
solution algonthm and display the annual recursive loop as a means to embody

tanff schedules Finally, section 3 7 discusses model validation
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Geographic delimitations of regions

Quebec (Montreal-based)

: Ontario (Toronto-based)

: Northeast (Albany-based)
MidEast (Pittsburgh-based)
QGreat lakes (Chicago-based)
Residual 1 (Winnipeg-based)
Residual 2 {(Atlanta-based)

iflmm:“&?sd

FIGURE 7 GEOGRAPHIC DELIMITATIONS OF REGIONS
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3.2 LINEAR SUPPLY AND DEMAND EQUATIONS

The formulation of supply and demand at the production level is better-
suited than at the wholesale level to answer the hypothesis regarding the impacts
of tanffication on dairy producers For each of the five exporting regions, one
supply and two demand curves, obtaned from lterature searches. will be
iIncorporated in GTP The use of only one mulk supply accounting tor alt milk 1s
justified by the absence of a clear-cut defimition between fluid mitk and mdustrial
milk producers Milk prices and quantity supphed av ulable on an individual state
basis necessitate aggregation for the states forming a region These nilk supply
responses as well as price-elasticities found in the hiterature are formulated at the
production level Demand functions for dairy products are estimated from price
elasticities on fluid mitk and manufactured dairy products, trom data on quantities
consumed (built from population figures in each distinct reqion and per capita
consumption of mik and darry products), and from prices at the production level
for both fluild milk and industnal milk (accounting for all transformed products)
Processors and retailers margins are assumed constant for the sake of simphicity
This argument follows the theory of derived supply and demand equations
presented in Figure 8 that allows both sides of the market (supply and demand)

to be on the same basis for analysis
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Supply and dJemand functions at the farm level

Derived supply (retail)

erived supply (wholesale)

Primary supply (farm) |

Price l

Retall

wholesale

Primary demand (retail)

/

Derived demand (wholesale)

|Derived demand (farm) |

Quantity

. Farm

FIGURE 8 DERIVED DEMAND AND SUPPLY CURVES
SOURCE Tomek, 1980

The estimation of demand equations bears some similarities with its supply
counterpart but with the important distinction that separate equations for fluid milk
and dairy products were made possible In each ind:vidual region, one supply

function 1s specified buttwo demand functions are specified Since GTP 1s a one-
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commodity model, we have to specify the algorithm that two demand tunctions
exist for the same supply function To do so, an additional importing region 1s
matched with each of the five exporting regions  'n each pair, one sub-region 1s
attributed a fluild mik demand function coupled with the all milk supply while the
other one is added the mdustnal milk demand As a result, cach paired region has
the standard supply and demand pattern while the other has only o demand
function, mducing the model to search for the supply of its "twin " Constiamts have
cren specified to induce the model to look at this supply source inits own region
first The duplication of regions and their specification as two distinct formspermits
appropriate spectficattons in the solution algonthm On one hand, one sub region
accommodating all milk supply with find mitk demand 15, by defimtion, a surplus
region specified as an exporting region in GIP On the other hand, its duphicated
counterpart contams only industrnial demand but no supply, which implies it 15 an

importing region

The relevant market 1s expressed as five exporting regions Québec,
Ontario, Northeast, Mideast, and Great Lakes. Similarly, ther duphcated
counterparts create five importing regions and two additional ones asResidual 1
and Residual 2. which are additioral demand sinks for Canada and United States,
respectively A summary of all regions and therr statis as exporter or importers are
explicitly shown in Figure 9 According to these speatications, flud milk demand
of one given region 1s fulfiled by the all-milk supply of the same region No
interregional trade flows in fluud milk are expected since all-mitk supply 145 alway<s
greater than fluid milk demand Therefore expected interreqional trade flows will
consist of industnal milk only A summary illustratng reqons’ specfications s

presented in Figure 9




Trading regions in the solution algorithm
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FIGURE 9 TRADING REGIONS IN THE SOLUTION ALGORITHM,
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3.3 EXCESS SUPPLY AND DEMAND CURVES

The solution algorithm of GTP requires the formulation of each region's
inear supply and demand equations Into excess supply and demand form GTP
Is able to find a solution to price equilibrium problems with very comiplicated excess
supply and demand schedules However supply and demand schedules are
restncted to particular ftunctional forms that are used in the program to simplfy its

use. The excess schedules are of the form
Quantty = a + B * (Price)

The Generalized Transportation Problem allows
scalar ¢ = O0and/ory = 0

lnear ¢ = 0, v =1

constant elasticity e¢= O, p~» O,y » 0

mixed schedules e« + 0, B+ O, y + O

The conversion of supply and demand curves into excess supply or demand
IS calculated as the difference between the quantity supplied and demanded for
each price locus The lineanty in supply and demand estmations, assumed for
simplicity, compel excess functions to be: lincar as well Positive numbers, obtamedd
from the subtraction, represent points of the excess supply inear cuve:  negative:
onesmake the excess demand function By mathematical definiion the X intercept
(coefficient Alpha) and the slopes (1/coefficent Beta) tor the both excess supply
and demand curves have the same value hut of gpposite signs Also 1t can be:
noted that the slope values for excess curves are smaller than those thear
corresponding supply and demand onginal equations Figure 10 summarizes the
above arguments relating basic supply and demand curves with excess stupply and

demand ones
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Excess supply and demand curves

L,

1/slope= Beta .

Alpha

! S: supply curve

g D demand curve

l ES. excess supply curve

i ED. excess demand curve
{
{
|

Alpha: X-intercept coefficient
Beta: slope inverse coefficient

FIGURE 10 EXCESS SUPPLY AND DEMAND CURVES
SOURCE Bressler and King. 1970
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The formulation of excess supply and demand equations, developed above,

possesses the following structure

) Q= e+ PP B

This mathematical form requires, three parameters as a the X-intercept, B
the slope-inverse, and ¥ = 1 the lineanty coefficient The computation of hnear
supply and demand 1s performed with data on price elasticity, quantity, and price,
which are incorporated in two straightforward formulas m order to estmate
coefficients (o9 and (f§. whereas () 1s valued at 1 because of the hncanty

assumption

price-elasticity () = (AQ/AP) * (P/Q)

(n* Q)/P = (AQ/AP)
(m * Q) /P = (1/slope)
(n * Q) /P = coefficient B

2)p=(m*Q/P 332

Rewriting equation 1 in the following mathematical terms, with gammat) set

at value 1, permits the evaluation of coefficient alpha (o)

3)0-B*P = a 333

Equation 2 and equation 3 generates coefficient ({§ and (o9, respectively,
which are then incorporated in the solution algorthm of GTP to provide excess
supply and der.and functions for each region The same procedure has been
followed to generate the oniginal supply and demand equations where no complete

functions were available




3.4: TARIFFS

Although Canada has not submitted an official estimate of tanff equivalents
to the GATT panel, it has been reported that tanff equivalents. based on

nternational price tor the period 1986-88 for dairy products would be as follows

flurd mitk 27%
cheese(cheddar) 178%
butter 209%

skimmed mik powder 93%

These are ad valorem tanffs based on current international prices submitted
by Canadian officials to the GATT panel (DFC, 1991) Such tanffs appear tc be
protectionist because current international prices for dairy products are depressed
due to trade distorting policies practised by dairy exporting countnies The above
ad valorem tanfts need to be transformed from their international price-based into
Amerncan price based to be useful for this study Also, these tanff estimatiens (fluid
milk excepted) apply on an individual dairy product basis that would necessitate
further calculations to carry out the analysis at the production level. 1e . at the
industrial milk tevel Such estimations are beyond the scope of this study
Consequently, the ad valorem fliid milk tanff of 27% converted to a specific taniff
of $11 00 per hectobter of milk has been used for regional ALL-MILK supply
curves i this study It 1s assumed that the protection level for luid milk isequally
applicable to industrtal milk since most dairy producers produce both flud and
mdustnal milk. Which makes the argument of distinct tanffs not easily applicable

at the producer level
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3.5 TRANSPORTATION COSTS

Costs of transport are critical vanables in spatial models They must be as
accurate as possible GTP allows only a per unit cost for each possible trade flow
Forinstance one assigned city has been determined for each of the seven regions

to have a focal point for source and destination of dairy products

Transportation comprises two parts farm-to plant hauling and plant to retal
movement Concerning farm-to-plant costs high regulation is present in Canada
For instance, in Quebec there 1s one uniform cost actoss the province, while in
Ontario, the cost structure 1s broken in four geographic distinct 1egions In the
U.S.A. however, fluid milk hauling rates vary according to farm location, mlk
volume, competitive environment and mitial and mamtenance costs to the
transporter On average intraregional transport costs ate assumed not to be

significantly different between regions and are thus omitted from the study

Transpertation of dairy products between Canadian regions (intenegoenal
transport) refer to refrigerated trucks with 42 000 Ibs of milk equivalents based on
cheese, excise taxes excluded This information was obtained from Groupe | actel,

a Montreal-based processing firm

Fluid milk 15 not handled by Lactel but it 1s assumed to possess similar
transport conditions, therefore transportation costs for dairy products apply equally
for packaged-flud milk Cost compansons with Ontario transporters have shown

similanties, thus, the same umt costs are used
In United states, Metzger (1982) studied tractor-traller operating costs for

three products fluild mitk ice cream and butter that were updated in 1985 and

1990 to be used for fluid soft products, and butter ( transport costs for cheese: are
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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 representative

Concerning processing costs and Intraregional transport costs, no
specifications are considered because all regions are assumed to have equal costs

, whith implies no effects on optimal movements or plant locations

3.6 ANNUAL RECURSIVE PROCEDURE

Figure 11 provides the overall view of the planned methodology The
calculation and conversion of supply and demand eguations into their proper form
to be incorporated into GTP and their incorporation into the quadratic algonthm, 1s
a recursive two step procedure applied to three distinct periods (1) the inihal tanff
implementation in 1993 (1) the mid-course situation with 18% tanff reduction
(according to the argument of Annual tanff reduction of 6%). and (1) the final

case, six years later, with 36% tanff reduction

A pnmary step involves the use of supply and demand curves converted into
excess supply or demand forms These curves aiong with the constraints are
Incorporated into GTP to solve for an equiibnum solution The output results on
producer prices and quantities produced are utiized to readjust supply equations
in ught of the above changes Such readjusted functions along with the reduction
of tanffs are "feedback” nto the solution algorthm to generate a second set of
results for the second period (1996) and similatly for the third and final period
(1999) following the same recursive procedure Demand functions, however,

maintain thewr onginal form since the focus of this study 1s on the supply side
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RECURSIVE METHODOLOGY
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SECTION 3.7: VALIDATION TECHNIQUE

Supply and demand functions as well as all other data requirements have
to be validated before the analysis 1s undertaken Nelson and Winter (1978) pose
the argument that simulation 1s a vahd technique to corroborate one model's
inferences, and although it does not have the force of a theorem It does raise
one's confidence in both conjectures and general understanding of the model's
logic However 1If results are shown to be inconsistent with conjectures, 1t forces
the researcher to review the model and raise attention to previously neglected
arguments When the model's parameters are set at realistic values, simulation
provides a plausible interval of confidence concerning the significance of the
effects being analyzed Valdation through simulation techniques propose an
avenue to confim spatial price theory and "expand and strengthen our
understanding of a simplified model the better to judge how, and whether, the

model relates to more complex reahty (Nelson and Winter, 1977)

The procedure uses excess supply and demand curves estimated from
supply and demand curves and sets of constraints effective in 1988, to simulate
results for 1989 This resulting outcome as supply. prices and trade flows s then
compared with 1989 historical data to validate the predictive power of GTP The
baseline year considered in this study, 1988, was chosen because numerous
articles on the tanffication proposal refer to the period 1986-88 for the calculation

of tanff equivalents
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CHAPTER FOUR: RESULTS

4.1 ORGANIZATION OF RESULTS

The hypothesis that tanffication would decrease mitk production n eastemn
Canada to the extent that U S producers will increase then exports to Canada was
tested using a spatial model solved by GTP algonithm The results were compared
with the stated hypothesis Section 4 2 describes two tanft scenatios to be
implemented Section 4 3 presents the mode! specification as supply and demand
coefficients to be used by GTP Section 4 4 shows the results of model vahdation
based on 1989 data Section 4 5 shows results obtained for the two tanff

scenarios Section 4 6 provides a discussion of results and concluding remarks are

made in Section 47
4.2 TARIFFICATION SCENARIOS

According to the Dunkel proposal on tanffication, all non-tanft bainiers are
initially converted to tanff equivalents which are then reduced by 36% over a pernod
of six years Global support measures like the national milk support price program
are to be decreased by 20% over the same period A minunum market access of
3% of domestic consumption 1s to be mcreased to 5% by the: end of the phase out
period These measures of trade hberalization are to be implemented to increase
trade flows However special safeguards such as incremental tantf, would apply
to imported volumes in excess of 125% of the previous three year average, and
on prices if the unit value of imported products tall below the 1986 88 1eference
period

The tanffication scheme descnbed above will form the basis for the analysis
The solution algorithm of GTP permits the incorporation of varnous types of trade
barners However the complexity of the tanffication proposal can not be fully

reproduced into the quadratic algonthm without a prion simphfications,  The
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magnitude of the tanffs to be chosen in this study am to find a compromise
between potental outcome from GATT negotiations likely to bring highly
protectionist tanffs with very little trade flows and lower tanff values which would
permit significant trade to occur This study appeals to the estimation of trade
impacts with compromised tanff values Table 4 presents two plaustble tanff
scenanas Case 1 introduces specific tanffs of $11 00/ht of raw milk on Canadian
mporting1egions (1e Quebec, Ontano and Residual 1) and $7 00/hl on American
importing reqgions (1o Northeast Nideast Great lakes and Residual 2) Tanff
schemes for Canada have been obtained from Canada's commodity hst submitted
to the GATT panel with regard to conversion of all non-tanff barners to tanff
equvalents (Dairy Farmers of Canada. 1991) These Canadian tanffs are based
on the average of the flid milk price differential between Canada and United
States for the peniod 1986-88 evaluated at $11 00/hl (Appendix 6) The baseline
for tantfs on dairy prodects 1s international prices on flud milk the American fluid
milk price 15 used. since no mternational market exists for this commodity  No
official ist has been available tor Amerncan equivalent tanffs but calculations used
by the Dany Farmers of Canada (DFC). companng tanff equivalents for dairy
products, shows U S tarnffs as being in the range of 50% to 75% of Canadian
estimates (Appendix 6) This argument is based on the assumption that Americans
would tavor intermational prices as the baseline for both fluid and dairy products
because the mternational puce equivalent for fluid milk provides the greatest
protection obtainable for fhud mikk This is because mtermational prices are much
lower than Canadian prices for milk and danry products It s thus a reasonable
assumption to use U S tanffs presented by the DFC(1991) on dany products to
represent the nuddle value between 50 and 75% (1e 63%) of Canadian tariffs
Scenano Tincorporates imtial fluid milk tardf evaluated at $11 00/hl for U S imports

nto Canada and $7 00/h1 (511 00 * 63%) for Canadian imports into United States

Even though international prices do not exist for fluid milk, they can be

calculated from fiuid milk equivalents for skim milk powder and butter
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These tarffs are assumed to be the same for both fluid and mdustnal mik since
this study does not distinguish effective equivalent tanffs for each dany product
The objective s rather to approximate two plausible scenanos and to measure the
Impacts on dairy producers Equivalent tanffs for manufactured products cannotbe
used In the framework of this study for two reasons Fust they are based on
international prices and not on Amencan prices It s beyond the scope of this
study to investigate the wpacts of tanficaton based upon the tull range of
international prices. since only the castern Amernican marketis considered Second
this study focuses on the farm production level, instead of fimshed dairy products
Consequently, specmd‘ tanff equivalents for Canada, estmated at $11 00/hl
according to the country ist (DFC, 1991), serve as a basis for relating Canadian

to American milk prices

Case 2 s very similar to the first scenario except that the analysis 1s
performed with shadow milk prices for Canadian regions The departure from
marginal cost pricing due to supply management s not directly observable To
date, this spread has been estimated from capital quota values Mosching (1988)
used a capital asset pricing model which assumes production quota nghts as beng
an asset which equals a discounted value for the present and future returms and
where the returns are the difference between the producer ik price and the
margmai cost of production The departure from margial cost pricing  estimated
as the difference between the average net price of milk and the mimimum value of
average costs was estimated to be 15% of mnidustnal milk price for the penod
1980-86 (Moschini, 1488) The present study used such value« to obtan, shadow
prices in Canada In what follows it has heen assumed that this pnce departure:
has been apphed to both find and industnal mitk Thus, the second scenano takes,
fluid and industrial milk prices of scenario 1 reduce them by 15% and incorporate
them in scenario 2 Accordingly, tanff magnitude: has been reduced to mamtam the
same protection level as with scenanio 1 The 1esulting tantfs are presented in
Table 4
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TABLE 4 TARIFF SCENARIOS

TARIFF SCENARIOS
SCENARIQO 1

SPECIFIC TARIFF:
($/hl)

1993 1996 1999

INITIAL -18% -36%

U.S.A. to CANADA: | 11.00 9.00 ; 7.00

CANADA TOUSA., 7.00 575 @ 4.50
o
SCENARIO 2:
1993 1996 1999
SPECIFIC TARIFFS:
($/h1)

INITIAL -18% -36%

U.S.A. to CANADA: | 3.25 2.65 2.05
CANADA TO USA.! 2.00 1.64 1.28
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4.3. MODEL SPECIFICATIONS.

The Generalized Transportation Problem uses a quadratic solution
algonthm which maximizes producer and consumer surpluses less transportation
costs More specifically. the algorthm solves the problem withexcess supply and
demand curves As defined in the previous chapter, intial inear supply and

demand curves are used to calculate excess supply and demand tunctions

Canadian supply responses are constructed from quantiies and prices
obtaned from the Dawy Market Review (1991), whereas short run own-price
elasticities were taken from McCutcheon (1992) and Conboy, Goddiard and
McCutcheon (1992) Theirr estimates ranged from 068 to 0 765 for fluid milk to
0 31 for industnal milk (Tielu, unpubhshed) The authors derved farm level supply

elasticities of the following form

Quantity of milk = f (milk price, production factors)
where milk price = producer price - siatic quota value
= margmnal cos. price

= shadow p:ice

American price and quantity data are taken from the Dairy Situation and
Outlook Yearbook (various issues) Own-price elasticities of supply onginate from
the research work of Buxton (1985) who estimated supply equations for the 48
contiguous states For the demand side, Kilmer's (1987) dairy products price

elasticities were used
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TABLE 5 CANADIAN SUPPLY AND DEMAND FUNCTIONS - 1988

|
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1 ’ :
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IALL MILK P 53840 | 52200 | 54560 |l
E 024 | 024' 023!
' Il
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E shoit run pnce elasticity 065 0 65 065 |C 1 1 1
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TABLE 6 AMERITAN SUPPLY AND DEMAND EQUATIONS

19688

REULTY l:
NORTHEAST |MIDEAST | LAKES [PEO0 2 | IncRtTea ST Tameast Toniant o [ se l’
i 1 f’:
| o
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» R AR RS CE A I A R
t OIRG ] Ot Owms ! 0w
Q quantity {00 tons 74900 | 68805 | 207723 | 101640 i |
P producer price ($00 tons) 27836 | 27/04 28779 30170 A SHAOD 68| 418401 50 ] taaa
E short run price etasticity 0242 0242 04 aou it 020863 OXW L 09/ LR Te 3
( 1 1 ' ! y
Coeffictent A = Q BP 567747 | 52042 | 104734 | 02400 O . I
Coefficient B = (E*Q)/® 0651164 | 00008 | 3 09%731 | (0 30342
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4.4. VALIDATION RESULTS

Figures 12 and 13 present regional supplies and prices simulated by GTP
against baseline data for the year 1989 These figures generated by GTP
represent equilibium prnices and guantities for the five exporting regions Existing
trade barners were formulated in GTP The solution algorithm allows trade flow
bound-, to be incorporated from each exporting (source) to each importing (sink)
regon Historical trade fiow patterns between Canada and other countnes are
presented in Table 7 to provide an overall picture of the histoncal importanceof
trade patterns with U S A For the purpose of this study, only trade linkages with
United States will be used in the spatial model These trade patterns have been
granted as import quotas and they do not reflect optimal trade movements because
of thew restuctve naturz To alleviate the impact of non-optimahty for the base
analysis, the exporting region chosen in GTP has the largest excess supply Great
Lakes and Québec are the greatest surplus regions n U S A and Canada,
respectively Regarding importing regions, Residual 1 (Canadian deficit regionwas
speciied as the importing sink for Great Lakes, whereas Northeast and Mideast
were clhiosen as closely located sinks for Québec exporting region Values for trade
flow upper bounds for U S A and Canada (Table 7) were then introduced to
represent these import quotas It must be noted that the same values were also

entered as lower hounds to msure fulfillment of hustorical (base cace) quotas

Figure 12 shows the quantity of milk supp. *d by the five exporting regions
defined in the spatial model The units used a1 » nundied tons" which permits the
solution algonthm to avoid numencal difficulties Juc to poor scaling Quantities
produced by each exporting region are contrasted, validated with 1989 data
Similarly prces for the same regions are presented in the same format in Figure
13
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-

FIGURE 12: SUPPLY VALIDATION
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FIGURE 12: SUPPLY VALIDATION
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TABLE 7: IMPORT/EXPORT PATTERNS - CANADA, 1991

(00 tons of mitk equivalents)

EEC | USA ' OTHER! TOTAL [USA/TOTAL
| 0
A - ©
EXPORTS: 1317 | 384 | 3044 , 4745 81
IMPORTS: 1201 | 299 | 769 | 2268 13.2
|
i

e e - —_ ~1
SOURCE Dary Farmars of Canagia 1999

TABLE 8: TRADE FLOW PATTERNS - VALIDATION

(0 TONS)
1989 ____ _IMPORTERS

QUEBEC | ONTARIO [NORTHE AS| MIDE AST [GIUIEAKES [RESIDUN Y
EXPORTERS 1 1 } )
QUEBEC 10115 192 | 192 | 12317
ONTARIO 14420 | 1 a2
NORTHEAST . 4811 1
MDEAST | | ) ) | 42474
Geeaiace | | | 53437 299
TOTAl I e
IMPORTS 10115 14420 | 47003 | 42666 | 53437 | 14037

| stuAL o

117424

117424

oA
FXTOnTS

| 22816
15841 |

299102
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Table 8 exhibits the third type of information generated by GTP trade flow
patterns between the five exporters and the seven importers for 1989, the
validation year Regions on the vertical axis are the exporters and those on the
honzontal axis are the impoiters The diagonal terms, when excluding the last two
columns, are the quantties of milk ntihzed by the region itself to fulfil tsdomestic
needs in industnal mikk Fliid milk s modeled for regional self-sufficiency  Quantity
of milk traded as shown by the matnx patterns, represents the movement of milk
mn excess ol intrareqgional fiuid milk demand Thus, all quantity traded in the matnx
represent industnal milk movements from sources to the sinks Horizontal
summations relate to the total exports by exporting region. while veriical
summations exhibit total industriar itk demand for each of the seven importing
region 1 he totat quantity of milk produced for domestic fluid milk purposes can be
quickly obtained by subtracting the iotal cxports (Table 8) from the tota! supply
(FMigure 12) tor a given reaion  Historical import quotas, where the source was
allotted to Quebec, appeared in the row for Québec as a split figure from the 384
hundred tons of Table 7 into 192 for both Mideast and Northeast Accordingly.
Great Lakes possessed the import quota allowance for Residual 1, the Canadian
milk deficit region  The last two columns, Residual 1 and Residual 2, represent
industnal nulk defict regions for Canada and U S A, respectively These two
regions are strong deticit regions and, therefore. were not matched with a exporter

counterpart

According to Figure 12. regional quantities of milk generated by GTP greatly
resemble historical data for 1989 Estimates of production are closer to actual
tigures for Ontano and Quebec than for the U S regions This may be explained
by the accumulation of sigruficant milk surpluses i the U S duning this time which

depressed prices and tniggered lower supplies
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With regards to price validation, Figure 13 shows the pattern of realstic
prices for Québec and Ontario, whereas shghtly greater price differentials between
simulations and actual prices are observed for Northeast, Mideast, and Great
Lakes Figure 14 contrasts all milk prices between Canada and U S A over time
In United States, milk price jumped from $12 24 1n 1988, from which G TP was
based for validation, to $13 54/cwt in 1989 This provides an explanation tor shght

underestimation in the price resuits obtained for Amencan regions

Historical trade flow patterns provided by the solution algorithm in Table 8
and validated with 1989 base year, shows all rtade linkages between exporting and
importing regions Residual 1 imported industnal nmilk mainly from Quebec
whereas, smaller proportion came from Ontario Such patterns follow logically,
since the province of Québec has been the dommant net surplus region of
Canada Accordingly, Residual 2 imported all its industrnial milk needs from Great
Lakes, a huge milk surplus region Therefore, the solution procedure used by GTP
produces consistent resuits for the base case and can be used for estmating the

impacts of two distinct tanff scenarios on dairy production
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ALL-MILK PRICE COMPARISONS
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4.5 RESULTS
4.5.1: SCENARIO ONE

This scenario is based upon specific tariffs of $11 00/hl and $7 00/hl for nlk
exported from United States to Canada and from Canada to United States,
respectively These specific tanffs were based on producer price differentials
existing between the two counties for the base pernod 1986 88 Accordingly,
supply and demand cuives incorporated in GTP for scenanio one were built using
producer prices for Canadian regions as opposed to shadow prices tor scenano
two

Figure 15 & 16 present supply and price results for the three penods of
analysis (1) initial tanffication, (1) reduction of tanifs after three years and (u) fial
reduction after six years Tanffs are introduced in the mitial year of 1993 and are
subsequentily reduced by 6% per year over six years followmg the phase out
period proposed n GATT In order to captuie significant tendencies,  the
compitation procedure was recursively solved for three distinet petiods insteadof
an annual computation Thus, the fust penod 1s the netial tanff application n 1993,
the second 1s the mid-course situation with 18% tanff reduction by 1996, and third,

1s the final phase-out period with a tanff reduction of 36% by 1994

Table 9 provides a summary of trade flow quantities in matnx form for the
three periods of tanff implementation The format of presentation s the: same: as
described in SECTION 44 Some changes were made to the vahdated bhase
mode! Trade flow upper bound were eliminated reflecting import quota elimination
Import quotas were replaced with specific tanffs However trade flow lower bounds
were maintained at their histoncal import quota levels in order to ensure: minimum
market access for the other country Otherwise, the soluiion algonthm ehimimates,
non-optimal trade flow patterns and minimum import Access may he dnven to zero
which would be contrary to GATT proposition an tanffication stating a rmirmmum

market access of initially 3% and eventally raise to 5%, of domesti. comsumption
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FIGURE 16: PRICE OF MILK BY REGION

TARIFFICATION - SCENARIO ONE
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TABLE 9 TRADE FLOW PATTERNS WITH PRODUCER PRICES

(00 TONS,
1697 'MEOGRTE ”__v_____v e
o Q.U—f'_Bf_E__ _I:f;‘:l TAHI()TNOHTHF AST| MIDEAST 1!’(153 IAKES {RAFSIDUAL 1 [RESIDUAL 2 [T‘E)_TAL ”
R R | | | EXPORTS
auto 10927 | es2| 92| 192| | 8272 20465 |
oumvo | 14173 ) l 141 7@_:]‘
mowwans | | 41373 L . 41373
N S 38561 .;_m _ - J:ﬁ?@]
GREATLAKT S f N i 1 47660 5108 116663 169431 |
o 1 T [
pon e, 10927 || 15055 | 41565 | 38753 | 47660 | 13380 || 11 16663 284003
1996 R L . mpopTERs
) _|QUEBLC | ONTARIO [ NORTHEAGT| MDEAS™ [GRUAKES | HESIDUAL 9 QESIDUAL_"“_HT_(;I;_L:__:

!XPQRTERS o I ,._-i EXPORTS
arecc | 11077] 721|  1s2| 1e2 7754 19936
ONTARIO |14547| | 1 __*L L 14547
NORITHE AST 421@3 R J_~ R {_4 igﬂ
MIDEAST ) ! N | 40354 ] 1341 L 41695
CHIAT 1 AKES 47124 | 5853 | 114054 | 167031 |
1ot ] ‘ l ' |
pueon s, 11077 | 15268 | 42375 | 40546 | 47124 L_1_ 3607 || 115395 | 285392
1,9”_”__._.__ s B . IMEOR I_i 0s

o QUL C | ONTARIO | NORT ASTI MDEAST |GRLAKES |RESIDUAL 1 |RESIDUAL = oA ]
exeoRteRs | L | Foonts |
ausee | 1474 | 192l 192 | 6298 | 17853
ONJTARIO 15707 o { 262 | 15969
NOHTHIEAST | 42263 | [ ] 42263 |
MDLAST o L 39597 _‘___L ; 31@_1[ 42734 |
awatiads || | 14628t 7188 110151 | 163573 |
o . ~r T o _ﬁg! T F
o, [_11171 !15707_1 42455 | 39789 || 46234 || 13748 | 113288 !l 282392
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4.5.2 SCENARIO TWO

The frameworks of analysis for scenario one and two are very similar The
differences he in the use of shadow prices instead of producer prices for Quebec
and Ontano and Residual 1 The argument justifying the use ot shadow prices
Implies a better estimation of producer responses towards price changes in an
environment of supply management Producer prices are the policy-induced prices
facing producers, but shadow prices are the ones reflecting the supply response
behaviour The spread between these two milk prices was estimated at 15% of
producer prices which was converted into specific values based on 1989 milk
prices In order to decrease specific tanffs by the same magnitude In scenarioone,
the protecton provided by specific tanffs was based on producer prices  In
scenario two, the price differential between Canadian and American puces is
diminished, since shadow prices are lower It 15 necessary to decrease speaific
tanffs, accordingly, to maintain the same protection level given the smaller
difference between Canadian and American prices in this scenario These changes
with regard to specific tanffs and shadow prices do not affect the solution

procedure

83



FIGURE 17: SUPPLY OF MILK BY REGION
TARIFFICATION - SCENARIO TWO
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FIGURE 18: PRICE OF MILK BY REGION
TARIFFICATION - SCENARIO TWO
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TABLE 10 TRADE FLOW PATTERNS WITH SHADOW PRICES

(00 TONS

1903 mMpoRIfRS .
I! :IQUEBE(‘ ‘ ONTARIOiE_OR'H_L_ﬁS_J wgr;xsir,m;w S JLSDUAL + s
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EQUEBEC 11030 972 192 182 o "733
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4.6 DISCUSSION

The contrasting results between scenano 1 and scenario 2 are 'ogically
consistent In scenaro one, milk prices (Figure 16) for Québec and Ontario are
imtially higher than their American prices and show a shght decline as tarifts
decrease over ime This adjustment was expected in light of higher pricing policy
enforced by supply management in Canada In United States, the Northeast also
demonstrates a reduction in producer prices for the study period Producer prices
In the Mideast initially decreased and then increased slightly again because ofnew
export flows into Residual 2 Conversely, the Great Lakes regton increased its milk
price because of its established position as important exporter to Residual 2 and

because of developing trade linkages with the Canadian deficit region Residual 1

Figure 15 provides an overall picture regarding relative supply stability for
all five dairy exporting regions during tariff reduction. Dairy production in both
Canadian and Amerncan regions I1s maintained despite tariffication This is an
exphcit argument in favor of the Canadian dairy industry suggesting a respectable
ability to withstand Amencan competition and to develop more trade potentals
extending beyond the time frame of the present study Surprisingly, the quantity
produced in the Great Lakes, a low cost region, declines with tanff reduction
However, exports to Residual 1, as observed in Table 9, increase by 2080 units
while a dechne of 6512 units I1s observed 1n quantity exported to Residual 2 The
price increase observed in the Great Lakes as opposed to a price decline In the
other two U § regions (Northeast and Mideast) or the important surplus status of
the Great Lakes lkely to make this region first affected by a shrinking export
market may provide partial explanations to why the Great Lakes loses a part of
their market share, to the profit of a less important exporter. the Mideast, inthe
deficit region, Residual 2
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A summary of trade flow patterns with the first scenaro 1s presented in
Table 9 and shows that all seven regions, with the exception of the Great L akes
and Residual 2 (supplled by Great Lakes), increased therr mik consumption
following six years of tariffication The Mideast expenenced an increase n exports
to Residual 2 (the US defict region) for the second (1996) and third ( 1999)
period. This explained the reversal in price trend. though minor. for the Mideast.
where it increased from 1996, as opposed to decreased in 1993 Quebec and
Great Lakes, two important exporting regions, are affected relatively more as
shown by larger export decreases Such a situation may be explamed by the
surplus status of the American dairy industry The U S dairy industry being eight
times the size of the Canadianindustry (Dion, 1992) puts a downward pressure on

milk production, consequences causing large producing regions to be more
severely affected

Results for supply, prices, and trade flow patterns appear logical Milk
production n Canada 1s tiny when compared to Amencan production Current
prices in Canada are significantly higher than thewr American counterparts, driven
by the Canadian muilk pricing policy and enforced by stringent border controls on
imports. Thus, the conversion of import quotas to equivalent tariffs, followed by a
phase-out period, was expected to affect Canadian prices, production and trade:
flows The hypothesis that tariffication would decrease milk production n easten
Canada to the extent that U.S producers will increase their exports to Canacda was
partally verified In scenario one using producer prices in the supply responses
milk prices did decrease as a result of tanff reduction from $46 47/hl to $44 38/h!
(Figure 16), and so did milk supply, from 27480 to 24934 hundred tons Cross
border trade flows from Great Lakes to Residual 1 showed an increase Exports
rose from 5108 to 7188 units at the expense of Québec which reduced exports to
this market from 8272 to 6298 hundred tons, while C'ntario captured a small market
share of 262 hundred tons of milk in this residual region However, American

imports did not displace milk production in Eastern Canada durnng the time frame
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provided in this analysis This analysis suggest that the tarffs used in the study are
large enough to prevent imports from the U S into Québec and Ontanio but small
enough to allow exports from the Great Lakes into Residua! 1 and permit milk price
and production to decline Eastern Canada Hence, Canadian producers are
negatively affected by tanffication but not to a great extent The overall picture
shows ability to withstand American competition when using scenarios in which
tanff are not highly protective since the tanffs used in this study merely represent
price diferentials between Amernican and Canadian milk prices The downward
adjustment 1n the Canadian darry industry over the six year phase-out period
reveals a requisite adaptation from Canadian regions to improve their

competitiveness in face of trade iberalization in the dairy inaustry

In scenario two, the outcome is slightly different Milk price and production
remain practically unchanged for the province of Ontario during the six-year study
In Québec, production stays the same while milk prices increase when comparing
the initial time period (1993) with the second and with the third period of analysis
Exports from Québec and Ontano to Residual 1 increase by 1249 and 839 units,
respectively but to the detnment of the Great Lakes region which loses 2465 units
to Residual 1 As a result, the hypothesis is not verified with tariffs appled in
scenarno two (Table 10) Exports from Great Lakes to Residual 1 initially at 5399
hundred tons (Table 10) were reduced to 2934, mainly due to exports of Québec
which had nsen from 7733 to 8962 hundred tons This did not represent a full
displacement by Quebec exports since the quantity demanded by Residual 1 had

shghtly fallen

Table 10 exhibits trade flow patterns using shadow prices for milk n
Canada In Québec, total exports reach their highest point in 1996 at 20818
hundred tons Québec was able to increase its market share to Residual 1 and to
export up to 347 hundred tons to Northeast in 1996 with initial tanff schemes

reduced by 18% With this scenario, trade flow patterns between Québec, Ontario
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and the Great Lakes are reversed as opposed to scenario 1 The Great Lakes
decreases its exports 1n Residual 1 which are partly compensated by increased
imports from Québec and Ontario Similarly to scenario 1, the Great | akes area
decrease its milk production during the six-year period (Figure 15 and 17) Such
a result for a low cost region facing trade liberalization 1s counter-intuitive A partial
answer to this finding may be provided by shadow prices In scenarno 2, the rental
value of quota accumulated in producer price 1s removed The resulting lower price
makes Québec more competitive for the residual 1 market Instead of decreasing
its exports to this market, as observed in scenario 1, it increases its market share
to Residual 1 which also displaces the Great Lakes production and reduces the

|atter's demand

The use of shadow prices makes Canadian prices relatively more
competitive with American typically lower prices As shown in Table 10, Ontano
maintains its price level for the perod studied Québec demonstrates ability to
maintain its miltk supply and increase its shadow prices and its exports as tanft
reduction takes place in the second and third period of analysis This supportsthe
argument that Québec, an important net surpius region, 1s competitive with
American regions in an hypothetical framework of partial trade liberalhization n
which quota values captured in the milk price are removed Similarly, the Northeast
and the Mideast, two non-surplus regions, also show a similar pattern of price and
mikk production increases during the tanff phase-out period but do not greatliyaffect

Québec and Ontario exports because of therr self-sufficiency status

The methodological approach for this research considered two plausibie
tanff scenarios The first one is based on the actual price structure where producer
prices include quota values entrenched in Canadian prices However, in the hight
of tariffication, quota values would be expected to decrease as tariffs dechineand,
therefore, cause prices to follow a dechning trend Such a price decrease would

be misleading because it implies that quota values decline Lower quota values are:
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then reflected in producer milk prices However, the gross effect on producer
revenues may not decline in the same manner This argument 1s justified with the
results of scenario two Prices, quantities, and trade flows increased during the
phase-out penod of tariff implementation Shadow prices reflect marginal costsof
Canadtan producers and are therefore better suited to capture supply responses
in face of trade lhberahzation when comparisons are to be made with US
producers Thus, scenario two 1s more appropriate to evaluate changes of prices,
supply, and trade flows induced by tarffication The resulting output with scenario
lwo does not support the hypothesis that Amernican imports displace a portion of
Canadian milk production due to the conversion of import quotas into specific
tanffs After tanff implementation, the province of Québec experiences increasing
shadow prices, maintenance of quantity supplied, and increasing export flows

towards the Residual 1 and the Northeast

I summary, the results obtained over the six-year period using producer
prices (scenano one) show that Québec and Ontario, in order to be competitive
and to be able to develop export markets with United States, would need to adjust
producer prices downward. Milk production would decrease because of its positive
supply-elasticity (unless one wants to estmate an updated supply curve which
would consider nightward shift in the supply responses). A specific tanff of
$11 00/hl prevents imports from the U S into Québec and Ontario but not into
Residual 1 In a scenario of quota value being excluded from producer milk price
(scenario 2), Quebec and Ontario basically maintain their production and prices
and, they increase their market share as exports to Residual 1 (the Canadian

deficit region) to the detriment of the Great Lakes.

The development of trade linkages across the Canada-U.S border is likely
to represent an interesting opportunities to increase the market demand for
Canadian darry producers In this study, it was shown that price differentials

between Canadian and American producers make this venture less enticing
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Nevertheless. the possibility to find profitable cross-border markets for Canadian
producers 1s enhanced with a scenano of tarnfication where the quota value s
excluded from producer price (scenario 2) In such a situation Canadian producers
are 1n a better competitive position. as shown by stable production. an upward
trend 1n shadow prices and a partial displacement of Great Lakes exports to the

Canadian deficit region (Residual 1)




4.7 CONCLUSION

The ohjectives of this research were to estimate the impacts of tariffication
on producer mitk prices on mitk production and on potential trade flows between
Canada and United States In scenario one the results of this analysis indicate
that Canadian dairy producers (from Québec and Ontario) need to adjust prices
downward and consequently production in face of tanffication The Great Lakes
partly displace Québec and Ontario in exports to Residual 1 (Canada deficit
region) In scenario two regional mik production remained stable after tanff
implementation Shadow prices in all regions have increased betweeen 1993 and
1999 tanff phase-out penod Trade flow patterns between importing Québec
Ontario and the Great Lakes regions, and the importing region Residual one are
reversed from results of the previous scenarno Quebec exports displace the Great

Lakes in Residual one

The spatial model allows elementary insights into trade potentials with the
American producers From compiled results itis apparent that potential for trade
exists and that subsequent investigations are required to measure the capacity for
trade flows This spatial price equilibnum model 1s a ssmple model which tries to
optimize trade flows in a competitive manner However, the real world in dairy
trade does not exhibit competitive behaviour Furthermore. GTP 1s a partal
equilibrium model which considers milk as being an homogeneous commodity Milk
qualty standards differ between the two countries and present potential trade
Iimitations for cross-border trade Supply and demand equations are function of

price and do not consider other variables that may influence results

In Canada the estimation of supply functions i1s made even more difficuit
due to supply management Moschint and Meillke (1988) develop a remedial
method using capital values of quotas to estimate supply responses from shar'ow

prices But the capital value of quota itself is likely to be overestimated since
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published prices of quotas are representative of small scale quota purchases only
Farm buyouts cause quotas to trade at a significantly lower value Onginal quota
licenses in the early 70's were given to producers accerding to production level
After the imitial instaliment, subsequent quotas licenses have had to be purchased

at increasing prices boosted by quota rents captured by the inthal recipient farmers

Another argument whicn may have been overlooked in supply response
estimation deals with the nsk premium entrenched in supply equations Canadian
producers would face increasing risk when moving from the actual insulating
system to more competitive and uncertain future with tanffs, since price fluctuations
on foreign markets would affect Canadian prices Such a risk premium 1s very hard

to quantify and add to supply response models

The discrepancy in pricing structure between cost of production formula
existing in Canada and shadow price highlights the importance of capturnng farm
level price raesponse properly GTP provided insights about the implications of trade
liberahzation but the development of more specific models able to handle stringent
trade barniers will provide further insights into this complex 1ssue In Canada,
producer and shadow prices are different Producer prices reflect returns to quota
and other assets whereas shadow prices represent value of efficient milk
production The impacts of tanffication were measured with both producer and
shadow prices Direct consequences on producer farm-gate prices are estimated
via producer prices, whereas shadow prices would better reflect trade practices
under tanffication since they ketter reflect efficient milk production as opposed to

producer prices which capture the rental value of production quotas

Caution should be used in placing too much significance to the results of
this analysis The tanff schemes used are based on raw milk and are assumed to

be the same for both flud and industrial milk Any further studies in the field of
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tarnffication using effective rates of tanfts for each dairy product which could better
link the production with the consumption level would grealty broaden our
understanding of this complex i1ssue of tariffi.ation applied to the dairy industry
Subsequent research work in the sphere of supply function estimation is likely to
improve the present imited capabilities to model Canadian supply responses The
quadratic solution procedures used by the spatial model in this study, searching
for optimum producer and consumer surplus from which transport costs have been
incorporated, are suitable to provide insights about trade liberalization in the dairy
industry, an industry subjected to government regulations and insulated from
international competition To this end, findings of this research may be helpful as
a benchmark to a wide array of tanff possibilities bearing in mind the simplifications

that had to be incorporated in the model
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. APPENDIX 1: MARKET SHARE QUOTA

PEl NS B Qe ont Man  Sask Alb BC

50 52 149 214 2.75 31.56 3346 704 929 961 267
53 57 153 1.89 254 3525 3271 652 753 891 304
58 62 164 207 196 36.44 3349 6.02 612 941 300
63-67 150 096 1.37 38.11 36.58 483 476 9.13 276
68 72 139 096 095 4462 3377 408 346 781 296
7% 77 139 102 0.75 4764 32.72 4.04 238 698 308
78-82 174 138 104 4B.60 31.69 385 2,12 626 3.32
83 87 178 1.31 131 46.96 3143 392 265 690 374
. %_de_variation
68-72/%0 52 +6.7-551-6565 41,4 0.1-42.0-62.8-187 109
87 B7/6B-72 280 365 379 52 -70 -4.0-234-116 264

Sowees  Slavshes Canada, cal 23-201, cal 23-001 plus our calculations

SOURCE Proulx and Gouin, 1989
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APPENDIX 2: SUPPORT PRICE STRUCTURE

STRUCTURE DES PHIX DU SOUTIEN, CANADA, 1991790
1" AOUT 1991
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__(par heclohtie)

(1} Contubnition par des taanslormplenrs 3§ un programne de teonse pose toover wee pde dy
cout des ingredients uhers uliinés par tes labticants de prodnts alimenl nres

Sowrees  Conmussion canadirime Ju lall
Compdation GREPA, Université Lava! Ouelee 1991
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APPENDIX 3: NET MILK PRODUCTION SURPLUS

% surplus production in relation to consumption value

% surplus

60

-40 -
...60.~
Bl 1003-97 [\V1968-72
- 100 T T T T T T T T | T —

Que. Ont. N.8. N.B. NFL. Man. Sas. Alb. B.C.

province

SOURCE: Proulx and Qouin, 1989

Canada
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APPENDIX 4:

Net Balance Between Milk Production and

Approximate Dairy Product Consumption by State, 1987

B ERTo
N0 etsorentese
PSRNy
Balance RRSIRANEN
RS

aley
‘o.-.o:

5505058 et
6. 9.8.6 8.0
SRS

]
0
R

.;:.‘.: Slight Surplus

‘ Surplus

m Very Large Surplus

SOURCE: Novakovic and Keniston, 1989
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APPENDIX 5: TRANSSHIPMENT NODES

SPPLY PROCESSING CONSUNP T LON
624,200 airs 2.180 arcs 510,120 arce
20 nedes, 2,180 nodes 2,180 nodes 1,170 nodes

—
- — \J
A e L
N
L _ .
. b
- S N ﬁ[_.‘_.J

SN 234
L

Z/\%___\__\} 231

ttancshipment {ormulatiop of the U S, dairy industry

SOURCE: Pratt et al, 1989

FLuD

SOFT

CHELSE

BUTTER

NFDHA
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APPENDIX 6: TARIFF CALCULATIONS
AVERAGE 1986-88

SPECIFIC TARIFF;

|
PRIX CANADA - PRIX U.S.A. - TRANSPORT = $

$62.57/hl - $39.93/hl - $1.50/hl '.$11_00/h/
|

EQUIVALENT TARIFES

Ad Valorem tariffs (%)

CANADA U.SA.
BUTTER: 209 156
CHEESE: 178 101
S.MP.: 93 72

S.M.P.: skimmed milk powder

SOURCE: Dairy Farmers of Canada, 1991
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APPENDIX 7: SCENARIC 1, 1593

Export {Source] Flows and Values - Base Currency: [ARIFF CASE:1107, 1989 MERGED SUFPLY

D

01

02

03

04

05

Exporter {Source]

xOntario

xNortheast

YMideast

XGreat Lakes

Global (ALl Sources)

D

0L
02
03
04
06

02

05
06
07

Importer (Sink)

Quebec 1
Ontario i

Northeast 1
Mideast 1
Residual 1i
Global (All Sinks)
Weighted Average

Ontario i
Global {All Sinks)
Weighted Average

Yortheast i
Global (All Sinks}
Weighted Average

Hideast i
Global (All Sinks)
¥eighted Average

Great Lakes 1
Residual 1i
Residual 2i
Global (A1l Sinks)
Weighted Average

Global (All Sinks)
Weighted Average

......... Export (Source)

Value

Quantity
10926.772507522649. 455
881.660 40951023.577
192.000 8917944.592
192.000 8917944.592
8272.173384222826.703
20464.606950532388.917
46447 .628

14173.530707296411.746
14173.53070729411.746
43902.628

41373.630kkrkkkkx kKX XX
41373.630kxxkkkkAkk k%%
39408.739

38561 . 464 RRXXRXRAXK kKX
38561 . 464 kkxkkkk kX kXXX
42033.321

47659 .994kkkxkkkkxk kA X
5108.289194925303.217
116663, (G7 Ak kXXX Xk% X
169431 . 380XXXARRXXkkhkk
38158.628

284004 . 610 kkxxKkARKX£RR
40050.219

46447.628
16447.628
46447.628
46447.623
46447.628
46447.628
46447.628

49902.628
49902.628
49902.628

39408.739
39408.739
39408.739

42033.321
42033.321
42033.321

38158.628
38158.628
38158.628
38158.628
38158.628

40050.219
40050.219

--- Export Tariff ---

Specific

Ad Valorem Trams. Cost

000 10926.772
.000 3047017.541
000 1787712.000
.000 2522688.000
.000105246860. 304
.000112615204.617
.060 5502.926

.0o¢ 14173.53¢
.000  14173.530
.000 1.000

.000  41373.630
L0060 41373.830
.000 1.000

.000  38561.464
.000  38561.464
.000 1.000

.000  47659.994
.000107335370.115
.000959320645. 151

L D00X*XRXKAXX XXX

.000 6295.786

LQ00*K Sk kKR K Sk

.00 4152.795
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Import (Sink) Flows and Values - Base Currency: TARIFF CASE:1107, 1989 MERGED SUPPLY

D

01

02

23

Importer (Sink)

Ontario 1

Northeast 1

Miieast :

3reatl L3<ss .

1]

01

01
02

an
03

01
04

Exporter (Source)

¥Quebec
Global (All Sources)
Weighted Average

YQuebec
yOntario

Global (All Sources)
Werghted Average

¥Quebec

yNortheast

Global {ALl Sources)
weighted Average

Juebec

\M1deast

Sickal {All Scurces!
Weighted Average

¥Ireas Laves
S.onal ALL Sourcest

- . o -
w2_3road d.eraze

-------- - Import (Sink)

Quantity Value
10926.772507533576.221
10926.772507533576.227

46448.628

881.660 43998041.117
14173.530707310585.276
15055.190751308626.393

49903.628

192.000 10705656.592
41373.630%XXRXXXXRXXXK
41565.630%XXxXXXXLXXXX

39485.258

192.000 11440632.532
SH1. 464X RARRRXAXARXR
753 . AH4XXRRXRXXRRRXX

——— e

TA83 GCO4RRXRXXXXRAXRK

33123.208

--- Imp .t Tariff ---

Price Specific
46448.628 .000
46448.628 .000
46448.628 .000
49903.628 .000
49903.628 .000
49903.628 .000
49903.628 .000
55758.628 500
39409.739 900
39485.258 .000
39485.258 .00
£3536.528 .300
42034.221 .009
42121 232 398
42121.282 .00
t2155.823 28
33183828 22
IRTAT RAO= !

Ad Valorem

.000
.000
.0oo
.009

.000

009
.090
.000

.00
.00
.0e9

NN
L]

o
.o
R

~A-

Trans. Cost
10926.772
10926.772

1.000

3047017.541
14173.530
3061191.071
203.331

1787712.090
41373.630
1829085.531
44.505

2522¢38.0
33561.4
2561243.4
£6.7

w
LD ALY va)
ey

[SRIRN'S BENE )
+n

-t




LLL

96 Pesidual 11

07 Residual 2i

Global (AL Sinks)

21
95

15

KQuebec

(Great Lakes

5lobal {All Sources)
weighted Average

yGreat Lakes
Global {Rll Scurces)
Weighted Average

Global (ALl Sources)
Weighted Average

8272.172489463687.006
5148.289302280673.332
13380.462791730360.33%
58170.628

116663 .097 %k kxR kkXXXXXX
116663 . 097 kX RXXXXXXXRXR
46381.628

284004.610%kxkkkxxkAkkX
44203.014

3179.528
9170.6283
53170.628
53170.628

5 W

46381.528
46381.528
45381.628

44203.014
44203.014

.4e0

o

.00
.ooo

.0e0
.000
.000

.000
.000

.000105246864.
.000107335370.2
.000212882232.
.00 15887.

(991

[B, I
Y s b €
O LN A

.100359320645.151
.000953320645.151
.000 8223.000

C000RRRARRRA XXX X X

.000 4152.795
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BPPENDIX 8: SCENARIO 1, 1996

Export (Source) Flows and Values - Base Currency

: TARIFF CASE:9575, 1993 MERGED SUPFLY

ID

01

(&)
ted

L
-

Exporter (Source)

Ontario

\Northeast

D

01
G2
03
04
06

s
s

Importer (Sink)
Quebec i

Ontario i
Northeast i
Mideast 1
Residual 11
Global (All Sinks)
Weighted Average

Cntario 1
Global (ALl Sinks)
Werghted Average

Northeast 1
slopal (Al 3ipks!
neljnted dverage

Z

Cavrida

_________ Export (Source)

Value

11077.234500416543.919
721.322 32585500.528
192.000 8673539.045
192.000 8673539.045

7754.111350289522.684

19936.668900632645.221

45174.683

14547.723707451158.411
14547.7237074511%8. 411
48629.683

30193, 333 xkaxxxkxXXKKK

40133, 233 kkkakx X XA K
377%3.223

84 STTAAXXXRARAIXXX

--- Export Tariff ---

Price Specific  Ad Valorem Trans. Cost
45174.683 .000 .000 11077.234
45174.683 .000 .000 2492889.453
45174.683 .000 .000 1547712.000
45174.683 .000 .000 2282688.000
45174.683 .000 .000 98655559.882
45174.683 .000 .000104989926.574
45174.633 .000 .000 5266.172
43629.633 020 000 14547 723
43629.633 .00o0 000 14547.722
43£29.623 .99 .009 1.000
37789.333 .83 10 42133 232
37783.313 505 03 42133.3%
37733 333 .20 S 1.3

I3 DU SEAL T

[ B Y BN X Y
IS ERYSERTG RN
. s g

R R R k]

444444




el

15 Great lakes

Glepal (All Sources)

75
36
7

Sreat Lakes i
Residual 11
Zesidual 21
Global (ALl Sinxs)
relghted Average

Clobal {All Sinks)
deighted Average

02 Cntario 1

03 Northeast 1

01
02

01
03

Quebec
Global (ALl Sources)
Weighted Average

wQuebec

xontario

Global (All Sources)
Weighted Average

XQuebec

XNortheast

Global (All Sources)
Weighted Average

471240340 kkekakxkkxxx

5852.631227585480.130
114054 . B13x%xxxtkkkxxkx
167031, 827 £ XRRRRXRAXRRX

38885.683

285394 . D6Oxkkx kxR XK KX XX
38702.022

38885 83
28885.£83
38885.533
38885.683
38865.683

(o)

39702.022
39702.022

000
.900
.000
.060
.000

000

47124.034

.000111271183.762
.000937872723.914

CD0JRAXKREXRRRRAR

300

5281.395

_O00ARRARKXRRRRK R

.000

4081.759

__________ Import {Sink)

Quantity Value
11077.234500421621.153
11077.234500421621.153

45175.683

721.322 35078389.986
14547.723707465706.134
15269. 045742544096.120

48630.683

192.000 10221251.045
42183, 333k kAkkX kXX XK XK

42375.333kkxkkkxkk XXXk
37860.315

45175.683
45175.683
45175.683

48630.683
48630.683
48630.683
48630.683

53235.683
37790.333
37860.315
37860.315

--- Import Tariff -—-

Specific
.00
.000
.000

RijiY
.000
.000
.000

.060
.000
.000
.0go

Ad Valorem

.000
.000
.000
.000

.000
.000
.000
.00

Trans. Cost
11077 234
11077.234

1.000

2492839. 458
14547.723
2507437.181
164.217

1547712.000
42183.333
1583855.333
37.519



il

04

05

06

07

Mideast i

Great Lakes i

Residual 11

Residual 21

slepal (ALl Sinks)

01
04

05

01
05

04
05

xQuebec

WM1deast

Global (ALl Sources)
Weighted Average

¥Great Lakes
Global (ALl Sources)
Weighted Average

xQuebec
YGreat Lakes
Global (ALl Sources)

Weighted Average

xMideast

\Great Lakes
Global {All Sources)
Weighted Average

3lobal (AlL Sources)
Weljhted Average

192.000 10956227.045
40354 . 632X kXAKRXXXRAAX
40546. 632X AXXKAXRXRXXX

39261.383

47124. 034 xxxkkkkkx ki x
47124. 034k xkkkkkkk k%
38886.683

7754.111448945082.565
5852.681338856643.892
13606.792787801726.458
57897.683

1340.186 63134407.097

114054 813k xaxkkkxx k%
115394 . 99GA XXX XXXk kKKK X

47108.583

235394, )60k kxkRxk kXA XXk

43783.781

57063.683
39176.683
39261.383
39261.383

38886.683
38886.683
38886.683

57897.683
57897.683
57897.683
57897.683

47108.683
47108.683
47108.683
47108.683

43783.731
43783.781

.000
.000
.000
.000

.000
.000
.000

oo
.000
.000
.000

.060

.009
.000
.00

.60

sy

.000 2282688.000
.006  40354.632
.000 2323042.632
.000 57.293

000 47124.034
.000  47124.034
.000 1.000

.000 98655559.882
.000111271163.762
.000209926723.644

000  15428.083

.000 10631697.226

.000937872723.914
.000343504421.150
.609 3219.632

COD0RRRRKK KK RRRRE

.00 4081.759
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APPENDIX 3: SCENARIO 1, 1895

Export (Source) Flows and Valves - Base Currency: TARIFF CASE 0745, 1996 MERGED SUPPLY

ID

01

02

03

04

Exporter (Source)

xOntario

xNortheast

xMideast

D

01
03

04
06

02
06

03

04
07

Importer (Sink)

Quebec 1
Northeast i
Mideast
Residual 11
Global {All Sinks)
Weighted Average

Ontario i
Residual 11

Global (A1l Sinks)
Weighted Average

Northeast i
Global (All Sinks)
Weighted Average

Mideast i
Residual 2i
Global (All Sinks)
Weighted Average

Quantrty Value

11170.856495791884.470
192.000 8521463.766

192.000 8521463.766
6298.013279522339.434

17852.869792357151.436
44382.624

15706.863722886765.305
261.886 12052929.072

15968.74973493994. 317
46023.624

427263 342k kkkk Kk Kk kkk
42263342 kkkkkkkkkkkx
37629.316

395396 . FAR A kkkkkktkXkk
3136.789126674898.519
42733, A3 75k 2k kX xkk% Xk

40383.624

44382.624
44382.624
44382.624
44382.624
44382.624
44382.624

46023.624
46023.624
46023.624
46023.624

37628.316
37629.216
37629.316

40383.624
40383.624
40383.624
40383.624

--- Export Tariff ---

Specific

.000
.000
.000
.000
.000
.000

.000
.000
.000
.00

.000
.000
.00¢

.000
.000

.000
.0o0

Ad Valorem Trans. Cost

.000  11170.8%6
.000 1307712.000
.000 2042688.000
.000 8012%18.794

.000 83491189.650
.000 4676.626

.000  15706.863
.000 2902217.343
.000 2917924.206
.000 182.727

.000  42263.242
.0o0 42263.342
.000 1.000

.000 39596.648
.000 24834145.127

.000 24523741.776
.000 583.237



9il

05 xGreat Lakes

Global (A1l Sources)

05 Great Lakes i
06 Residual 1i

07 Residual 2i
Global (A1l Sinks)

Weighted Average

Global (ALl Sinks)
Weighted Average

46233 . 580k KxXXXXXXAX XX

7187.721288181801.138

110151 . 369%khxkkkk kX%
163572.670%kxxkkkkkxkxk

40093.624

282391 . 066Xk xAxXkkk Xk XX

40375.178

40093.624
40093.624

40093.624
40093.624
40093.624

40375.178
40375.178

.000
.000
.000
.000
.0oc

.000
.000

.000 46233.580
.000122277517. 341

.000905774706.615

_(D0XkxkAXXRXXKKX

.000 6285.279

 Q00XXERXXXRKXKXX

.000 4035.091
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Inport (Sink) Flows and Values - Base Currency: TARIFF CASE 0745, 1394 MERGED SUEPLY

02

03

04

05

0é

Ontario 1

Northeast i

Mideast i

Great Lakes 1

Residual 1i

01 Quebec

02

01
03

01
04

01
02
05

Global (ALl Sources)
weighted Average

xontar1o
Global (All Sources)
Weighted Average

¥Quebec
xNortheast
Global (All Sources)

Weighted Average

¥Quebec

¥Mideast

Global (A1l Sources)
Weighted Average

¥Great Lakes
Global {All Sources)

Weighted Average

XQuebec
xOntario

xGreat Lakes

Global (All Sources)
Weighted Average

11170.856495803055. 326
11170.856495803055.326

44383.524

15706.863722902472.168
15706.863722902472.168
46024 .624

192.000 9829175.766

42263.342 kkkxkkkkkkkk
42455 342 %Xk kxR XARIK XK

37691.655

192.000 10564151.766
39506, FAG kXA K% kX %%
39788. 548 kA kkkkkkkk

40455.255

46233 580K kkRkk kKA kk Rk
46233.580%kkkkkkxk Xk k%

40094.624

6298.013359651958.228
261.886 14955146.414
7187.721410459318.479
13747.620785066423.121
57105.624

44383.5824
44383.524

44383.524

46024.624
46024.5624
46024.524

51193.624
37630.316
37651.655

37691.655

55021.624
40384.624
40455.255
40455.255

40094.624
40094.624

40094.624

57105.624
57105.624
57105.624
57105.624
57105.624

.00
.000

.000

.900
.000
.000

.000
.000
.000
.000

.000
.000

.000
.060

.00a
.000

.000

.000
.000
.000
.000
.000

.300
.000
.000

.000
.000
.000

.000
.000
.000

.000

.000
.000
.000
.000

.000
.000

.000

.000
000

11170.856
11170.8%6

1,900

15706.363
15706.863
1.000

1307712.000
42263.342
1349975.342
31.798

2042688.000

3959%.648
2082284.648
52.334

46233.580
46233.580

1.000

80129618.794
2902217.343

.000122277517.341
.000205309353.477

.000

14934.174



8Ll

07 Residual 2i

Global (A1l Sinks)

04
05

3136.789151559043.646
110151, 369%kxkxxxxkxhx%

113288, 158Xk kxkxxkkkkk*
48316.624

xMideast

AGreat Lakes
Global (Rll Sources)
Weighted Average

282391 . 066 *xxkkkkkxkkk
44410.269

Global (All Sources)
Weighted Average

48316.624

48316.624

48316.624
48316.624

44410.269
44410.269

.000
.000

.000
.000

.0co
.000

.000 24884145.127
.000905774706.615

.000930658351.742
.000 8214.970

L 000kXRxXAKKKRE XX

.000 4035.091
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APPINTIX 19: SCENARIC 2, 1993

Export (Source] Flows and Values - Base Currency: TARIFF CASE:3202, 1989 MERGED SUFPLY, SHADOW PRICE

I

01

02

03

04

xOntario

xNortheast

xM1deast

1D

01
02
03
04
06

02

03

04

Importer (Sink)
Quebec i

Ontario i
Northeast i
Mideast i
Residual 11
Global (All Sinks)
Weighted Average

Ontario 1
Global {All Sinks)

Weighted Average

Northeast 1
Global (ALl Sinks)
Weighted Average

Mideast i
Global (All Sinks)
Weighted Average

Quantity Value
11030.019427460218.752
972.907 37704296.747
192.000 7440817.922
192.000 7440817.922
7732.887299682315.506
20119.813779728466.949
38754.260

14105.929555400813.215
14105.929595400813.215

42209.260

41373630 kkkkkXkkkkkX
41373.630%xkkkkkkkki k%

38408.739

38561. 404k kX kk Xk kX kK
38561 . 464 Kk kA kkk Xk AR XX
42033.321

--- Export Tariff ---

Price Specific Ad Valorem Trans. Cost
387%4.260 000 .000  11030.019
38754.260 .00o .000 3362367.119
38754.260 .000 .000 827712.000
38754.260 .000 G20 1562688.000
38754.260 .000 .000 98385522.021
38754.260 .000 .000104149319.158
38754.260 .000 .000 5176.456
42209.260 .000 .000  14105.929
42209.260 .000 000 14105.929
42209.260 .000 .000 1.000
39408.739 .000 .000  41373.830
39408.739 .000 .000  41373.830
39408.739 .000 .000 1.000
42033.321 .000 .000  38561.4b4
42033.321 .000 .000  38561.464
42033.321 .000 .000 1.000



0ct

05 xGreat Lakes

Global (ALl Sources)

05
06
07

Great Lakes i
Residual 1i
Residual 21
Global (ALl Sinks)
Weighted Average

Global (ALL Sinks)
Weighted Rverage

47618. 24T X XXX XXX XXX X
5399.070206326870.015
116564 . 322 kkxkkkkkkkkk
169581 . 63Gkkkkkkk kX xkkk
38215.264

283742 4TGRRXRKRRARXRXK
39144.949

38215.260
38215.260
38215.260
38215.260
38215.260

39144.949
39144.949

.009
.00o0
.geo
.000
.000

.u0o
.000

.000  47618.247
.000 71602468.359

.000958508417.410
000X kkkkXkkXRAXK

.000 6074.705

L 000RRRRRRAKRRK XX
.000 3997.998
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1D

01

02

03

04

05

Ontario 1

Northeast i

Mideast i

Great Lakes i

D

01

01
02

01
03

01
04

yGuebec
Global (All Sources)
Weighted Average

xQuebec

¥Ontario

Global (All Sources)
Weighted Average

¥Quebec
xNortheast
Global (ALl Sources)

Weighted Average

¥Quebec
Mideast
Global (A1l Sources)

Weighted Average

xGreat lLakes
Global (All Sources)
Weighted Average

Value

11030.019427471248.771
11030.019427471248.771
38755.260

972.907 41066663.866
14105.929595414919.144

15078.836636481583.010
42210.260

192.000 8268529.922

41373.630kkkKkkXXRXX KX
41565. 630kxkikkkkkkkkk

39426.625

192.000 9003505,922
38561 . 464 kk kK hkx XXXk XX
38753. 464k xkhkkkkkX* k%

42058.394

47618, 24T kXX xxXX XXXk XX
47618, 247 kkkxkxkkk %k k%

38216.260

--- Import Tariff ---

Price Svecific  Ad Valorem
38755.260 .000 .050
38755.260 .000 .000
38755.260 .0co .Q00
42210.260 .000 .000
42210.260 .000 .000
42210.260 .0o¢ .000
42210.260 .000 .000
43065.260 .000 .000
39409.739 .00o .g6o
39426.625 .009 .000
39426.625 .000 .000
46893.260 .000 .000
42034.321 .000 .000
42058.394 .000 .060
42058.394 .00o .60
38216.260 .00g .000
38216.260 .000 .000
38216.260 .000 .000

Trans. Cost

11030.013

11030.019
1.006

3362367.119
14105.929

3376473.047
223.921

827712.600
41373.630
869085.630

20.909

1562688.000
38561. 464
1601249. 464
41.319

47618.247
47618.247
1.000



ccl

06

07

Residual 11

Residual 2i

Global (All Sinks)

01
05

7732.887398067837.627
5399.070277929338.377
13131.957675997176.004

51477.260

¥Quebec
xGreat Lakes
Global (All Sources)

Weighted Average

xGreat Lakes
Global (ALl Sources)
Weighted Average

116564 .322%kkkkkkkkkkxk
116564, 322 kXX kXXX kXXX
46438.260

Global (A1l Sources)
Weighted Average

283742 . 475k X kXXX XXX XXX
43142.947

51477.260
51477.260
51477.260

51477.260

46438.260
46438.260
46438.260

43142.947
43142.947

.000
.000
.0eo

.000

.000
.000
.060

.000
.0go

.000 98385522.021
.000 71602468.359
.000169987990. 380

000 12944.604

.000958508417.410
.000958508417.410
.000 8223.000

000X RXXXRXXKXXKX
.000 3997.998




€cl

APPENDIX 1i: SCENARID 2, 1996

Export {Source) Flows and Values - Base Currency: TARIFF CASE:2616, 1993 MERGED SUPPLY, SHADOW PRICE

ID

01

02

03

04

Exporter {Source)

xQuebec

xOntario

xNortheast

xMideast

02

03

04

Importer (Sink)

Quebec 1

Northeast i
Mideast 1
Residual 1i
Global [All Sinks)
Weighted Average

Ontario i
Global (All Sinks)
Weighted Average

Northeast 1
Global (ALl Sinks)

Weighted Average

Mideast 1

Global (All Sinks)
weighted Average

......... Export (Source)

Value

10831.758435226498.955
347.450 13960759.048
192.000 7714674.451

9448.333379639666. 382

20819.542836541598.837

40180.596

Quantity

15080.148636614861.230
15080.148636614861.230
42215.427

38857 .252kkkkkkkkkkkkk
18857 . 252k xkxkkxkkkxxk

44130.5%

315354, 364X X XXXXXXXRKRK

15354 364X RXXXXRARR XX
45768.596

--- Export Tariff ---

Price Specific  Ad Valorem Trans. Cost
40180.5% .000 .000  10831.758
40180.596 .0co .000 1372776.025
40180.5% .800 .000 1493568.000
40180.5% .000 .000120211145.287
40180.59% .000 .000123688321.071
40180.59%6 .000 .000 5912.153
42215.427 .000 .000  15080.148
42215.427 .ooo .0co 15080.148
42215.421 .000 .000 1.000
44130.596 .000 -000 38857.252
44130.596 .000 .000 38857.252
44130.5% .000 ,000 1.900
45768.596 .0co .000  35354.364
45768.5% .000 000 35354.364
45768.596 .000 .000 1.000



144}

05 xGreat Lakes

Global (All Sources)

04
05

06
07

Mideast i
Great Lakes i

Residual 1i
Residual 21

Global (All Sinks)
Welghted Average

Global (All Sinks)
weighted Average

863.214 34737120.624
46124500k kkkxkkkkkxk
3395.815136653018.338
113030, 07 1 kxxkkxkkkikkkk

163413. 600k * kK xkkx K%k %%
40241.596

273524, 905 kkrkkkxxxkkx
41612.642

40241.59%
40241.5%

40241.5%
40241.5%

40241.596
40241.596

41612.642
41612.642

.000
.000
.000
.000

000
.000

.000
.000

.000 4771348.565
.000  46124.500

.000 42997810.323
.000929446271. 861

.000977262055.249
.0oo 5980.298

L00D*kkxkkkkxkkkk
.000 4023.179




GZL

Inport {Sink) Flows and Values - Base Currency: TARIFF CASE:2616, 1593 MERGED SUPFLY, SHADCOW PRICE

1D

01

03

04

05

Importer {Sink)

Ontario 1

Northeast 1

Mideast 1

Great Lakes 1

D

i

02

01
03

01
04

05

05

Exporter {Source)

Quebec
Global (All Scurces)
Weighted Rverage

xOntario
Global (All Scurces)

Weighted Average

xQuebec

xNortheast

Global (All Sources)
Weighted Average

xQuebec
WMideast

\Great Lakes
Global {All Sources]j
Weighted Average

XGreat Lakes
Global (ALl Sources)

Weighted Average

Valve

10831.758435237330.713

10831.758435237336.713
40181.59%

15080.148636629941.378
15080,148636629941.378

42216.427

347.450 15333535.074
38857 . 252k kkkkXk kXX %Xk

39204 . 702%kkkkkkkkhkkkkk
44131.596

192.000 9208242.451
35354, 364Xk ARk XXX XXX XX

863.214 39508969. 188
36409 .57 kkkk kXX XXX % A%
45781.145

46124 .500%kkkkxkkkkXx Xk
46124 . 500)kRxXXXKRX XXX

40242.5%

--- Import Tariff ---

Price Specific  Ad Valorem Trans. Cost
40181.5%6 .000 000 10831.7%8
40181.5%6 .00 .00 10831.758
40181.5%6 .000 .000 1.000
42216.421 .000 .000 15080.148
42216.427 .000 .000 15080.148
42216.427 .000 .000 1.000
44131.5% .000 .000  1372776.025
44131.5% .000 000 38857.252
44131.59 .000 .000 1411633.277
44131.596 .000 .000 36.007
47959.596 .000 .000 1493568.000
45769.596 .000 .000 35354.364
45769.59 .000 .000 4771848.565
45781.145 .000 .000 6300770.929
45781.145 .000 .000 173.053
40242.596 Rilthi .000 46124.500
40242.596 .000 .000 46124.500
40242.5% .000 .000 1.000
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LeL

ns Residual 11

07 Pesidual 21

Global {ALl Sinks)

yZuebec

¥Great Lakes

%lcbal {All Sources;
Weignted Average

¥Great Lakes
lobal (ALl Sources)
Weighted Average

Global {All Sources)
Weighted Average

9448.333499350811.5670
3395.815179550828. 661
12344.148679501640.331

52903.596

113030.07 1 krkkkkkrtkhxk
113030. 07 1XARARXRAAZRXK

48464,59

273524 . 905k kxkkkkakkk k%
45635.821

48464.5%
48464.5%
43464.5%

45635.821
45635.821

.020
.003

08

.000

.900
.200
.000

.000
.000

L200120211148 287

L2030 40997810.323

300153208955 511

JJ00 12706.8712
.000929446271.561
.000929446271.861
.000 8223.000

L 0DRAXRRXARRKKIR

.000 4023.179
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APPENDIX 12: SCENARIO 2, 1999

D

01

(o]
()

Exporter (Source)

\Ontario

\Wrdesst

02
6

13

Export {Source) Flows and Values - Base Currency: TARIFF CASE 2012, 1996 MERGED SUPPLY SHADOW PRICES

Importer (S1ink)
Quebec 1

Northeast 1
Mideast i

Residual 1i
Glopal (ALl Sinks)
weighted Average

Ontario L
Residual 11
slobal (A1l Sinks)
Weighted Average

Hertheast i
slobal 1311 3inxks!
seighted Rverage

W_ipast .

- seoa
.obal ALl Iimsst

weizmted d,or3ze

_________ Export {Source)

Value

10772.753437428629.997
192.000 7796177.467
192.000 7796177.467

8982.514364735796. 448

20139.267817756781.378

40605.091

15074.076636820785.752
838.618 35428352.503
15912.694672249138.256
42246.091

J00G] . 4864 KRRRRX KX ALK kR
39098. 486**!!2*!*!*XX3

43989.028

vz a o an
15R1%. 142

--- Export Tariff ---

Price Specific
40605.091 .000
40605.091 .000
40605.091 .000
40605.091 .000
40605.091 .000
40605.091 .000
42246.091 .000
42246.091 .000
42246.091 .000
42246.091 .000
43339.028 00
43959.023 503
429%9.028 o0l

4. L350

: BN

CROtn (N

Py
[
[

s o ds
[S 20 AN S A
e
e L X

3
b
Led ) LD

LY
oy

Ad Valorem Trans. Cost
.00 10772.753
.000  689472.000
.000 1424448.000
.000114284525.094
.000116409217.843
030 5780.211

000 15074.076
.008  9293569.962
.000 3308644.038
.000 584.982

000 33098.4%5
noe 39093.436

100 1909
01 8314492
AR
N




6cl

05 xGreat Lakes 05
%6
07

Global (A1l Sources)

Great Lakes 1
Eesidual 1i
Res1dual 2i
Global (All Sinks)
Weighted Average

Global (ALl Sinks)
Weighted Average

45363, 2T HRXRRXXRRAXKXX

2934.297121086948.809
111243, 190X XXXXXXXXRKKX
159546, 7H2XXkXXXXRXX XXX

41266.091

271011.708%x kXXX xkx%kA %%
42245641

41266.091
41266.091
41266.091
41266.091
41266.091

42245.641
42245.641

.080
.000
.000
.300
.000

.00
.000

000 45363,

.000 35393485.139
.000914752743.260
.006950191602.674
.000 5955,568

L000RXAkx kXX XXk kX

.00 3970.252



oclL

Import {Sink) Flows and Values - Base Currency: TARLEF CASE 2012, 1996 MERGED SUPPLY SHADOW PRICES

D

01

02

03

Importer (Sink)

Ontario 1

Northeast i

o723t o

02

03

ad
04

Exporter {Source)

XQuebec
Global (All Sources)
Weighted Average

sOntario
Global (Rl Sources)
Weighted Rverage

XQuebec

xNortheast

Global (ALl Sources)
weighted Average

wQuebec

Wideast

Slobal '1ll Sources)
wergnted Average

\oreat Lakes
oob3i 31l Sources:

T a

ao137teld Y,arage

Value

18772.753437439402.750
10772.753437439402.750
40606.091

15074.076636835859.828
15074.076636835859.828

42247.091

192.000 8485649.467
39098 . 486X XXX ARXXARXX
39290 . 436 kkxkkkXhkX XX

43961.182

192.000 9220625.467
6314, 4082k xRRAXXR XXX
6506, 438AXXXXXRXAXXX%

45627.813

3, 276Kk ARKRARRKKKX
S 2TRAXRXRRXRARARER

41267.381

Import (Sink)

--- Import Tariff ---

Price Specific  Ad Valorem Trans. Cost
40606.091 .000 .000  10772.753
40606.091 .000 .000 10772.753
40606.091 .000 .090 1.000
42247.091 .000 000 15074.076
42247.091 .000 .000 15074.076
42247.091 .000 .000 1.000
44196.091 .00s .000 689472.000
43960.028 .000 000 39098.436
43961.182 .000 000  728570.436
43961.182 .000 .000 18.543
48024.091 .000 .000 1424448.000
45615.143 300 .00 36314.498
45627.813 .000 .000 1460752.43%
47627.812 .000 L399 40.914
412587.001 370 L300 48263 275
41257.231 R 223 45383 276
41287.3¢1 Bty 303 1.993




LEL

06 Residual 1i

07 Residual 21

Global (A1l Sinks)

01
02
05

05

¥Quebec

xCntario

xGreat lakes

Global (ALl Sources)
Welghted Average

xGreat Lakes
Global (ALl Sources)
Weighted Average

Global (ALl Sources)
Weighted Average

8982.514473020321.542
838.618 44721922.465
2934.297156480433.948
12755. 429680222677 .955
53328.091

111243. 100k kkxkkk kX RERX
111243.100%xkxkxxkkkk k%
49489.091

271011.708%kkkxkkkkkkrkk

46215.893

53328.091
53328.091
53328.091
£3328.091
53328.091

49489.091
49489.091
49489.091

46215.893
46215.893

.000
.00C
.G00
.000
.0oe

.000
.000
.000

.000
.000

.000114284525.0%
.000 9293569.%62
.000 35393485.139
.000158971580.195
.000  12463.052

.000914752748.260
.000914752748.250
.000 8223.000

L 00RRRRARXRKXEXK

.000 3970.252





