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Executive Summary

On September 28, 2000, Canada agreed to a request from four central American
countries--El Salvador, Guatemala, Honduras, and Nicaragua (known as the CA-4
countries) to begin negotiations on a free trade agreement. Canada has embarked on
public consultations to define the scope of the agreement. For the CA-4 countries, the
Canadian refined sugar tariff appears to be a critical, if not mandatory, item with respect
to any agreement in the negotiations.

Canada is heavily involved in the trade negotiations for the revision to the WTO
Agreement on Agriculture and the regional agreement on the Free Trade Area of the
Americas (FTAA). Canada has signed a free trade agreement with Costa Rica,
reducing the tariffs on the imports of refined sugar, starting in 2003. Canadian overall
trade and economic development policies are also important considerations in the free
trade negotiations with the CA-4 countries.

Sugar is a major staple food providing a cheap source of energy, especially for low
income countries. For many developing countries, sugar contributes a substantial part
of the overall export earnings and, because it is labour-intensive, sugar represents a
major source of employment. Compared to most other agricultural commodities, a
significant part of global sugar production is traded internationally. Only a small part of
the more than 40 million tonnes of global trade now occurs under the preferential
trading relationships of the EU and the US.

Most countries, in both the developed and developing world, have highly regulated and
supported sugar industries. At the production level, the OECD estimated that the
Producer Subsidy Equivalent (PSE) for all OECD countries was 54 percent in 1998-
2000. The international market for refined sugar is even more protected and distorted
than the market for raw sugar. This support is generally maintained by high tariffs, and
borne by sugar consumers. In contrast, Canada has one of the most open markets for
sugar of any of the OECD countries. Canada imports about 90 percent of its sugar
requirements. Most countries export raw sugar to Canada duty free under GPT or
commonwealth tariff preferences. Refined sugar imports into Canada face a $30.83/mt.
tariff (approximately 6.5 percent ad valorem equivalent in 2000).

Market concerns

Huff and Associates/Roningen Consulting
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The Canadian sugar refining industry is concerned that reducing the tariff for refined
sugar could seriously impact their processing margins, refining capacity, profits and,
perhaps, their viability. Sugar beet producers are concerned about lower returns on
sales, and the continued operation of the only beet processing plant in Canada. The
alternative sweetener industry (for example, the high fructose corn syrup (HFCS)
producers) is concerned about lower prices and margins. On the other hand, the further
processing sugar users (bakeries, soft drinks, and confectionary producers) believe that
this refined sugar tariff elimination would represent a significant competitive element to
facilitate growth in the domestic and export markets. Consumers want lower prices, and
see the tariff on refined sugar as regressive to low income families. Governments are
uncertain whether the potential losses to some of the market participants (refiners, beet
growers, alternative sweetener producers) would be offset by the potential gains to
sugar users. As part of the free trade negotiating process, Canada wants to be aware
of the magnitude of the potential gains to the CA- 4 countries. Providing developing
countries with better market access is generally the most efficient and effective form of
economic assistance. In addition, there are issues concerning Canada’s responsibility
and obligations to its current sugar suppliers and its overall trade policy.

Study objectives

This study was contracted by the Canadian government in order to get a better
understanding of the extent of the gains and losses, to the various market participants,
from the refined sugar tariff reductions. By conducting the analysis in an open and
transparent manner, all of the public and private sector participants can address the
policy questions from the same basic information. The primary objective of the study
was to estimate the economic impact on the various market participants (such as the
sugar beet producers, refiners and processors, alternative sweetener producers, food
processors, and consumers) in the Canadian sugar complex of eliminating the applied
tariff on refined sugar from CA-4 countries. A secondary objective was to determine
the effect on the sugar sector (raw and refined) of the CA-4 countries and Canada’s
major sugar trading partners (Australia, Brazil, US) from a unilateral refined sugar tariff
elimination.

Canadian sugar market

While Canada imports about 90 percent of its raw sugar requirements, refined sugar
imports only represented from 2-7 percent of Canada’s total sugar imports during 1996-
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2000. Raw sugar is refined in four plants in Canada. Most refined sugar goes to
industrial users (82-84 percent), while a much smaller amount goes to retail consumers
(16-18 percent). Per capita sugar consumption in Canada has been very stable for
many years. Domestic production comes from sugar beets, with about 41-45 thousand
acres harvested each year, mainly in southern Alberta. Sugar beets are processed in a
plant in Taber.

The MFN tariff for raw sugar for imports into Canada is $25.57/mt (for a 98 degree of
polarization). Most of the Canadian raw sugar imports are duty free, as the CA-4
countries, as well as major suppliers such as Cuba and Brazil already benefit from a
zero duty under the GPT tariff preferences, or in the case of Australia, under the
Commonwealth preference. In 2000, the primary import sources for Canada were
Australia, Guatemala and Brazil, which provided about 80 percent of Canadian raw
sugar imports. The refined sugar tariff is $30.86/mt, with no preferential tariff. Imports
of refined sugar were 88,669 mt. in 2000. This was higher than in recent years, but
below the 1985-95 period import levels. Canada maintains an antidumping duty against
most sugar imports from the US and the EU. This duty, applied in 1995, was reviewed
and recommended to be maintained by the Canadian International Trade Tribunal in
2000.

CA-4 sugar market

Sugar production is an important source of employment and foreign exchange for the
CA-4 countries. Sugar production doubled in these countries from 1980-1996, and their
export prices are among the lowest in the world. Domestic sugar markets are highly
regulated. Guatemala is the largest sugar producer of the CA-4 countries, and the third
largest exporter in the western hemisphere, after Brazil and Cuba. Consumption is also
rising rapidly in the CA-4 countries, limiting the growth in their exports (especially in El
Salvador, Honduras and Nicaragua). These countries have high import tariffs, and
hence there is little “official’ trade among them. The CA-4 countries’ main export
market is the US, and it accounts for 10.5 percent of the US global Tariff Rate Quota
(TRQ). Total sugar exports from the CA-4 countries exceed total Canadian sugar
imports. The current refining capacity in the CA-4 countries is limited, but it is continuing
to grow, especially in Guatemala and Honduras. Most exports from the CA-4 countries
are still in the form of raw sugar. Canada imported 3.2 thousand tonnes of refined sugar
from Guatemala in 2000, less than 2 percent of Guatemala’s total refined sugar exports.
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Study scenarios

The study examined two basic scenarios for the unilateral elimination by Canada of the
specific tariffs for refined sugar from the CA-4 countries. The first alternative
examined was an immediate elimination of the full tariff in 2003. The second
alternative examined involved the potential for a more responsive and therefore
vulnerable, sugar producing and refining capability in Canada.

There were several areas of the study where the information was considered to be
weak, or the likely responses of the market participants were quite uncertain. The
quantitative analysis design allowed sensitivity testing of various degrees of change of
market parameters to be tested as part of the study.

Analytical framework and data

The analytical framework for the study involved the development of a quantitative
representation of the Canada-Central America countries’ sugar trade. This involved a
detailed model specification for Canada, the CA-4 countries (El Salvador, Guatemala,
Honduras, and Nicaragua), and the rest of the world.

For each country/region, two products are modelled - raw and refined sugar. The
quantitative representation included the key economic factors affecting the demand,
supply, price, and trade for each product. It was assumed that CA-4 country exporters
and Canadian importers of refined sugar would respond to the elimination of the
$30.86/mt. refined sugar tariff, similar to a price change, and increase their exports and
imports of refined sugar. At the same time, other market participants would also react
and adjust to any price and quantity change, all of which would have an effect on the
final market price and import quantities.

The key economic factors and their relationships were included in the construction and
application of a trade modelling framework for CA-4 countries-Canada sugar, using
VORSIM software. This VORSIM-built model is named SUGR for a SUGaR sector
model.

The base period used for the analysis was 2000. The data for all of the foreign markets
sugar production, consumption, trade and price were taken from the USDA sweetener
situation. These data were supplemented with the USDA FAS attaches’ reports.
Canadian data from various Statistic Canada sources was used whenever possible.
The allocation of the data between raw and refined sugar was made using FAO sugar
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statistics. The initial year for the ‘what if’ type questions was 2003. The analysis was
assumed to be long-term, meaning that the impacts are those which would be found
when all of the economic changes resulting from a policy change have worked through
the system. These results did not include projected values for growth in population and
income or other long term economic changes. No change was assumed in domestic or
trade policies for sugar, which are under review in the US and the EU. Without any
significant policy changes, there is limited change in international markets for sugar.

In developing the analytical framework for each of the countries/regions, the coefficients
used for the economic relationships were taken from primarily USDA sources. These
data were supplemented from other international quantitative studies which included
sugar.

Key study results

The following elements are the key findings from the study of the unilateral elimination
of the Canadian refined sugar tariff.

Limited change in Canadian refining capacity utilization and sugar beet production

In the basic scenario, and the alternative examined, there was only a small decrease
(less than 1 percent) in the level of total Canadian raw sugar imports. Also, there was
only a small decline in the production of sugar beets in Canada. Thus, in the scenarios
examined, Canadian refining capacity utilization and beet sugar production decreased
only by a very limited amount.

Small changes in prices

Little change was expected in the world price of raw sugar from the unilateral
elimination of the Canadian refined sugar tariff. The estimated average price decline for
the Canadian refined sugar from the unilateral elimination of the specific tariff on refined
sugar imports from the CA-4 countries, for all scenarios was less than one percent. The
price decline for the unit import price of refined sugar from the CA-4 countries was up to
$30/mt, causing the import market share for refined sugar of the CA-4 countries to
increase significantly under both scenarios. Nevertheless, imports of refined sugar
represented only about 9 percent of total Canadian consumption. Therefore, the lower
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CA-4 country prices only affected average Canadian prices for refined sugar to a very
limited extent.
Modest growth in the imports of refined sugar

Canadian imports of refined sugar would be expected to grow only moderately, under
most conditions, from the CA-4 countries, as the result of the elimination in the refined
sugar tariffs. For both scenarios, the percentage increase for total imports of refined
sugar was 14-30 percent with about 60-70 percent of this increase accounted for by
increased demand. This level would not exceed some of the previous levels of
Canadian refined sugar imports. Even in the more responsive CA-4 scenario, however,
the refined sugar imports did not constitute more than 9 percent of total Canadian
refined sugar consumption. The expanded Canadian refined sugar demand from the
industries using refined sugar and consumers, offset much of the loss of the market
share for Canadian refiners to imports of refined sugar, minimizing the loss of
production capacity from current levels. Thus, Canadian refiners would continue to
produce the vast majority of refined sugar consumed in Canada.

Benefits to users

It was estimated that food manufacturers would benefit modestly from the reduction in
market price from the elimination in the refined sugar tariff. The increased refined sugar
imports would provide increased competition from additional sources of supply in the
Canadian refined sugar market. It was estimated that Canadian consumers would
obtain a small benefit from the reduction in the refined sugar tariffs. Retail sugar prices
were expected to fall very slightly, as would the price for processed food products that
contain sugar.

CA-4 countries benefit

It was estimated that the CA-4 countries would increase their refined sugar exports to
Canada, as a result of the tariff reduction, albeit from a very small volume. It was
estimated that these countries would increase their exports of refined sugar to Canada
by 12,000-26,000 mt., or 290-609 percent. Even in the latter case, this would still be
less than the level of the CA-4 countries’ total 2000 exports of refined sugar to all other
countries (277,000 mt.). Other countries (mainly Australia and Brazil) would experience
a small loss in market share of refined sugar exports to Canada, with their exports
increasing very slightly under the more responsive CA-4 market.
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Small welfare changes

An estimate of the gains to Canadian consumers, less the losses to producers,
processors and government (tariff revenue) showed a small total welfare loss for
Canada of $0.6-$1.7 million in the basic and alternative scenarios, respectively. The
CA-4 countries had welfare gains of $0.9-$2.3 million as gains to refiners and cane
growers more than offset losses to CA-4 consumers. Domestic policies to prevent a
rise in retail prices (and consumer losses ) would be important to further increase the
welfare gains for the CA-4 countries. Welfare changes for the rest of the world were
generally very small since both scenarios assumed the most of the impacts were
confined to Canadian-Central American raw and refined sugar trade.

Concluding observations

The quantitative framework developed for the study provided a reasonable approach to
assess the impact of the elimination in the Canadian refined sugar tariff and to test the
sensitivity of various assumptions to the overall outcome. The assumption about the
Canadian supply response was found to be important in estimating the CA-4 country
share and the total level of refined sugar imports, but did it did not negate the basic
conclusions. Because the impacts to Canadian refiners were estimated to be minimal,
Canadian refiners probably would not require a long adjustment period.

Capacity utilization of Canadian sugar refiners was marginally affected under the
elimination of the tariff on refined sugar. Sugar beet production in Canada was also
minimally affected. Refining margins for Canadian firms were reduced, but only by a
very small fraction of the refined sugar tariff. Sugar users benefit from slightly lower
prices and increased competition in the refined sugar market. Sugar consumption in
Canada increased by from 1-1.5 percent.

In the context of a total welfare calculation, gains to Canadian sugar consumers were
less than losses to sugar refiners. The CA-4 countries’ welfare gains were reduced by
a small rise in domestic sugar prices. To increase the positive welfare gains from the
increased producer-refiners surplus, the CA-4 countries need to liberalize domestic
sugar policies so as to restrict any retail price increase.

Under the calculated scenarios, CA-4 countries gain a larger share of the total
Canadian refined sugar import market from the elimination of the refined sugar tariff.
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The rest of the world exporters, conversely, lose very little market share. If the
scenarios had assumed that price changes between Canada and Central American
sugar trade would have been fully shared with the rest of the world, the results would
have been about the same for Canada but some of the CA-4 impacts would have been
smaller (because of larger impacts in the rest of the world). In absolute terms however,
the changes are small, and represent a very small part of the total world sugar market.



Refined sugar tariff

10

Table of Contents
Executive Summary
Table of Contents

1

Introduction

1.1 Study Objectives
1.2  Background Issues
1.3  Report Outline

2 Canadian and International Sugar Markets
3 Expected Economic Impacts of Tariff Reductions
4 Framework and Scope for Analysis
4.1 Direct Economic Impacts
4.2 Data Sources
5 Alternative Scenarios
5.1  Two Scenarios
5.2  Sensitivity Tests
6 Impact of Tariff Reduction
6.1 Basic Scenario
6.2 Increased Canadian Supply Responsiveness
6.3  Welfare Estimation
7 Concluding Observations
References

Appendix 1: Model Specification and Definitions
Appendix 2: Model Data and Sources
Appendix 3: Detailed Results of Model Scenario

10

10
12
12
12
14
15
20
22
22
25
26
26
27
30
30
32
34
36
37
40
49
52



11
Refined sugar tariff

Preface

This study was contracted by Agriculture and Agri-Food Canada. It was responsible for
setting the terms of reference and providing guidance to the contractor on the work to
be performed. The consultants wish to thank in particular, Merritt Cluff, Eileen Krakar,
and Brian Paddock for their support and direction for the study. The consultants
appreciate the assistance of Paul Bell, Diane Mately and Debra Harper in providing
data.

The consultants would also like to acknowledge the assistance provided by Dr. Stephen
Haley, ERS, USDA. Dr Haley was an important information source on international
sugar markets, policies, data sources and model equation representation, in developing
the SUGR model.

The international sugar industry is a highly managed sector and offers many challenges
in specifying the representation of the key economic factors. The impact of the
Canadian tariff on refined sugar is an important issue to both Canadian sugar producers
and refiners, and the users of refined sugar. Expanding refined sugar exports offer a
significant opportunity for the growth and development of the CA-4 countries. It also
adds to the political pressure for other developed and developing countries to liberalize
their sugar sectors.

We hope that the results provided by the study will provide the industry and the

government with the basic information for an effective exchange and debate on this
trade policy issue.

H. Bruce Huff
Vernon Oley Roningen
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1 Introduction

1.1 Study Objectives

The primary objective of the study was to estimate the economic impact on the various
market participants (such as the sugar beet producers, refiners and processors,
alternative sweetener producers, food processors, consumers) in the Canadian sugar
complex of eliminating the applied tariff on refined sugar from CA-4 countries
(Guatemala, Honduras, El Salvador and Nicaragua). A second objective was to
determine the effect on the sugar sector (raw and refined) of such tariff reductions on
the CA-4 countries and Canada’s major trading partners (Australia, Brazil, US).

By conducting the study and providing results in an open and transparent manner, it
provided the public and private sector with similar information to engage in a policy
debate on the proposed change in refined sugar tariffs.

1.2 Background Issues
Regional trade negotiations

At the Canada-Central America Summit in Guatemala on September 28, 2000, Canada
agreed to a request by the leaders of the Central American countries of El Salvador,
Guatemala, Honduras and Nicaragua to begin free trade negotiations. On January 9,
2001, International Trade Minister Pierre Pettigrew announced that the Government
would embark on a broad and comprehensive consultation process to define the scope
of this initiative involving the provinces and territories, the business community,
non-governmental and citizen-based organizations and individual Canadians.

The CA-4 countries are likely to consider the refined sugar tariff to be an essential item
in the regional trade negotiations with Canada. Because of the importance of sugar in
their economy and their trade balance, in addition to a perceived comparative
advantage, the CA-4 countries would likely want to include refined sugar tariffs as one
of the central items in the negotiations. Canada, on the other hand, is concerned about
the potential impact of the elimination of the tariff on refined sugar imported from CA-4
countries would have on its domestic sugar beet producers, the sugar refiners and
processors, and the alternative sweetener industry. To prepare for the negotiations,
Canada would need to assess these potential impacts for producers and refiners

12
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against the potential benefits from the tariff elimination that would be derived by the
further processing food industry (such as bakery, soft drinks and confectionary
processors), and consumers. Another consideration for Canada would be the impact on
its current sugar trading partners. Canada must also consider these sector level
impacts within a broader set of objectives for overall trade and economic development
policy, as well the consequences for Canadian consumers and taxpayers.

Agriculture Trade Negotiations

Canada is actively participating in the WTO negotiations on revisions to the WTO
Agreement on Agriculture. Its WTO position for agriculture (released on August 19,
1999) is consistent with, and complementary to, the negotiations in the Free Trade Area
for the Americas (FTAA). Both of these sets of negotiations, in addition to NAFTA and
the bilateral free trade agreements with Costa Rica and Chile, have implications for
market access for sugar. In all cases, the resulting changes from the negotiations are
likely to result, if anything, in lower protection for sugar. The major unknown is how
quickly such a decline in support and protection will occur.

Sugar would appear to be under more pressure for change than other commodities in
the revisions to the WTO Agreement on Agriculture. The revisions to the WTO
Agreement will likely focus on increased market access, and reduced domestic support
and export subsidies. The pressure for reduced support and protection for sugar is the
consequence of its very high level of protection (bound tariffs average 80 percent),
demands from sugar exporting institutions, and internal forces in the EU and US. For
example, the Global Alliance for Sugar Trade Reform and Liberalization which is a
group of sugar producing and exporting institutions in Australia, Brazil, Canada, Chile,
Columbia, Costa Rica, E Salvador, Guatemala, Honduras, Nicaragua, Panama, India,
South Africa and Thailand, was formed prior to the Seattle WTO Ministerial Meeting to
press for the liberalization of the international sugar market. Sugar is important for a
number of developing countries, who have been critical of the protectionist policies of
many developed countries. Developing countries have been particularly critical of the
tariff escalation for agricultural commodities (like sugar) by developed countries.
Developing countries view it as an important market access issue, and it is widely
believed to be one of the obstacles to establish processing industries for exports. At the
same time, the African/Caribbean/ Pacific (ACP) sugar producers are concerned about
the loss of their preferences into the EU market, and hence would be reluctant to see a
general liberalization of the world sugar market. As Canada did not eliminate the tariff

13
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on refined sugar in the list of duty-free items from the least developed countries, there
would not be a similar reluctance from these countries for a reduction in the Canadian
refined sugar tariff.

1.3 Report Outline

The next section of the report provides a brief overview of the international and CA-4
sugar markets, and Canadian sugar trade policies. In section 3, there is a discussion of
the expected impacts from a reduction in the refined sugar tariff. Section 4 contains a
description of the analytical approach and data used in the evaluation of the reduction in
refined sugar tariffs. Section 5 outlines the basic policy and several alternative
scenarios used in the study. It also outlines those aspects of the analysis where there
may be some debate over the economic relationships, or the market data and the type
of sensitivity used in the analysis to address these concerns. Section 6 provides the
results of the analysis on the economic impact information on the Canadian sugar trade
and market participants and on Canada’s current sugar trade partners, from a reduction
in Canada’s refined sugar tariff. The final section provides some concluding
observations from the analysis.

14
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2 Canadian and International Sugar Markets
Global sugar market

Sugar is a major staple food providing a cheap source of energy, especially for low
income countries. For many developing countries, sugar contributes an important
amount to overall export earnings and, because it is labour-intensive, it represents a
major source of employment. Compared to most agricultural commodities, a significant
part of global sugar production is traded internationally. Only a small part of the more
than 40 million tonnes traded now occurs under the preferential trading relationships of
the EU and the US.

Sugar is one of the most protected agricultural commaodities in the industrialized
countries. At the production level, the OECD estimates that the Producer Subsidy
Equivalent for sugar in OECD countries was 54 percent, during the period 1998-2000
(OECD PSE/CSE database, 2001). The major developed countries-US, EU, and
Japan-have highly protected sugar sectors, especially for refined sugar. The market for
refined sugar is even more distorted than the raw sugar market, resulting in limited
export opportunities. Most of the costs of these sugar support programs, generally
maintained by very high import tariffs, are borne by consumers. Major Asian producers
and consumers—China, India, and Pakistan—-also have highly regulated sugar markets.
Many developing countries also have high import tariffs and highly regulated domestic
and export markets. Liberalization of the global market would require the US and the
EU to make major domestic policy adjustments. This could arise from pressures due to
budgets, unsustainable market distortions, or regional trade agreements such as the
NAFTA or the ACP.

The high US and Japanese domestic prices for refined sugar have generated
substantially increased competition from alternative sweeteners. In the US, high
fructose corn syrup (HFCS) is now about as important as refined sugar in terms of total
consumption. The alternative sweeteners are most competitive in the industrial uses,
where they substitute most easily for liquid sugar. Non-caloric sweeteners account for a
significant percentage of the total sweetener market, but tend to compete more on its
non-caloric attributes, rather than sugar price.

The Uruguay round has had minimal effect on sugar trade. The International Sugar
Organization reported that the weighted average tariff level for raw sugar remained

15
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relatively high, falling from 93 to 72 percent over the implementation period. For refined
sugar, it fell from 109 to 88 percent. For developing countries that chose binding ceiling
tariffs, the weighted average tariff level for raw sugar is 110 percent, and for refined
sugar is 102 percent. Only limited additional access commitments were made as part of
the Uruguay Round, amounting to less than 1 percent of world trade. Commitments to
reduce export subsidies may have had the greatest impact on the world sugar market,
as countries agreed to reduce subsidized export volumes by 1.3 million tonnes, or about
20 percent of subsidized tonnage in the mid-1990s.

Canadian sugar market

Canada imports about 90 percent of its raw sugar requirements (Table 1). Sugar is
currently processed in four plants in Canada, which are owned by three firms. These
firms are: Rogers Inc.(Vancouver, and in Taber, Alberta), Lantic (Montreal) and
Redpath (Toronto). Most sugar refined in Canada goes to industrial users (82-84
percent), and a more limited amount goes to retail consumers (16-18 percent). Per
capita sugar consumption in Canada has been very stable for a considerable number of
years.

Canada exports a limited amount of refined sugar to the US, under its tariff rate quota.
Recently, imports of refined sugar into Canada have been increasing, although these
imports are below the level of the 1985-95 imports. Canadian sugar beet producers
grow more than 40,000 acres each year, mainly in southern Alberta. These sugar beets
are processed in the Rogers’ Taber plant. Revenues generated in the Taber plant are
shared with the beet growers using a predetermined formula. According to the
company, the formula is set to mitigate the impact on Rogers of large increases or
decreases in the world raw sugar prices.

Canadian industrial sugar users are manufacturing products which compete in a global
marketplace. For some, sugar represents a sizable cost element. Sugar prices, thus,
affect their competitiveness in the export market, which increasingly is diversified,
beyond the US market, into Latin America, Asia and Europe. Competitiveness against
imports of sugar containing products is also a concern to food processors. In many
cases, food manufacturing firms are international companies, and their decisions on
manufacturing locations are determined by relative costs of production. Sugar costs,
may be one of those influential factors.

16
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Table 1. Sugar Supply and Exports: 2000/2001

Country Production Consumption Exports Imports

(thousand tonnes)

El Salvador 505 245 325

Guatemala 1645 455 1190

Honduras 315 245 70

Nicaragua 390 205 200

(Total CA-4) (2855) (1150) (1785)

Costa Rica 375 245 130

Canada 113 1245 15 1199
Source: ISO

The Canadian International Trade Tribunal, in its 1995 anti-dumping case, examined
how prices are determined in the Canadian market. The Tribunal found that the
domestic refiners calculate their list (selling) price for bulk refined sugar based on the
Contract No. 11 raw sugar price on the New York Coffee, Sugar and Cocoa Exchange
(NY No. 11). To this price, the refiners add an allowance for currency exchange,
transportation and other costs to deliver the sugar to their refineries, plus a target
margin which covers the costs of refining and other expenses, as well as an amount for
profit. To the list price for bulk sugar, a product differential is added to calculate the
specific price for the various refined sugar products and package configurations. The
refined sugar is then generally sold at a discount from this list price. The amount of the
discount varies with volume, trade level, type of product and other factors. Liquid sugar
is generally the lowest priced market, in part, because it competes against the HFCS.
The domestic refiners indicated that their raw sugar purchases were always fully
hedged to protect against fluctuations in the world price of raw sugar. Sugar beet
producers’ compensation is based on a revenue sharing formula, which transfers much

17
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of the price risk from the processor to the producer.

Since Canada has one of the most open sugar markets among the industrialized
countries, Canadian sugar consumers enjoy one of the lowest retail prices. The FAO
(1996, p. 47) notes that “Few, if any countries have had a sugar policy as stable,
consistent and simple as Canada’s”. The MFN tariff for raw sugar for imports into
Canada is $25/t. In 2000, the ad valorem equivalent of this tariff was approximately 10
percent, relative to its import unit value of $256/t. Most of the Canadian raw sugar
imports were duty free, as the CA-4 countries as well as major suppliers such as Cuba
and Brazil already benefit from a zero duty as a result of the Canadian unilateral GPT
tariff preferences. Australia, the major Commonwealth supplier, also benefits from a
zero rate of duty. In 2000, the primary import sources for Canada were Australia,
Guatemala and Brazil, which provided about 80 percent of Canadian raw sugar imports.

For refined sugar imports into Canada, a specific tariff of $30.86/mt. applies. It has no
preferential tariff for refined sugar. Nevertheless, the recently signed FTA with Costa
Rica permits tariff free access for refined sugar under a tariff rate quota, starting in 2003
at 20,000mt., and rising to 40,000mt. in 2011. On an ad valorem equivalent basis, the
Canadian tariff on refined sugar was 6.5 percent of the unit value import price $475/mt.
(2000). The effective tariff rate on refined sugar, however, was about 14 percent, using
the implied refined-raw sugar price margin of $219/mt. Canadian imports of refined
sugar in 2000 were 88,669 mt., up significantly from 1999, but below the 1985-95
imports. Primary import sources for refined sugar have been Brazil, which has
increased rapidly in recent years, and the US. Imports from the US for re-export to the
US are rising. Canadian companies, importing US sugar, can avoid sugar antidumping
duties under the Duty Deferral Program if they re-export the sugar as part of further
processed products. Current refined sugar imports from CA-4 countries are relatively
small in volume (3,200 mt. in 2000). Refined sugar imports, however, represent only a
fraction (less than 8 percent) of Canada’s total sugar imports. Canada applied an
antidumping duty against sugar imports from the US and the EU, in 1995. These
antidumping and countervailing duties were maintained following a review by the
Canadian International Trade Tribunal in 2000. The CITT concluded that there would
be a threat of injury to the refining industry if these duties were removed.

CA-4 countries’ sugar market

Sugar production is an important source of employment and foreign exchange for the
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CA-4 countries. Production in these countries doubled from 1980-1996, and prices are
among the lowest in the world. Consumption is also rising rapidly in the CA-4 countries,
limiting the growth in exports. In general, these countries have high import tariffs, and
hence there is little trade among them. Their main export market is the US, and CA-4
countries account for 10.5 percent of the US global Tariff Rate Quota (TRQ). The US
market accounted for about one fifth of the CA-4 countries total sugar exports in 2000.
Total sugar exports from the CA-4 countries are considerably larger than total Canadian
sugar imports (Table 1). For the CA-4 countries and Costa Rica, tariff free access for
refined sugar into Canada represents a sizable market opportunity of more than one
million mt. Information on the current refining capacity in the CA-4 countries is
incomplete. There may be some excess refining capacity, and it is continuing to grow in
Guatemala and Honduras. Also, two privately owned mills in El Salvador expanded
their capacity in order to increase exports of refined sugar. It is uncertain as to how
quickly, and at what cost, refining capacity can be added in these countries.
Nevertheless, most exports from the CA-4 countries are still in the form of raw sugar.
Several factors may limit the export demand for refined sugar from CA-4 countries such
as quality and other specialized user requirements, higher transportation and storage
costs than for raw sugar, the need for continuous year-around deliveries, and the pricing
strategies by Canadian refineries.

Guatemala is the largest sugar producer of the CA-4 countries, and the third largest
exporter in the western hemisphere, after Brazil and Cuba. Growth in sugar cane
production in Guatemala has slowed from an annual 12 percent rate in the 1960's and
1970's to around a 4 percent rate in the 1990's. Growth in sugar exports has also
slowed from double digit levels in the 1960-89, to about an 8 percent annual rate in the
1990's. Guatemala has improved its port facilities for the export of both raw and refined
sugar. In 2000, Guatemala shipped 205,000mt. of refined sugar, from three plants.
Refined sugar represents about 18 percent of Guatemala’s total exports of sugar.
Canada imported 3.2 thousand tonnes of refined sugar from Guatemala in 2000, or less
than 2 percent of Guatemala’s total refined sugar exports. Thus, there is an opportunity
for Guatemala to substantially increase refined sugar exports to Canada by simply
diverting trade from other export markets. This action alone could more than double
Canada’s refined sugar imports.

3 Expected Economic Impacts of Tariff Reductions

To help interpret the empirical results, it is valuable to consider the theoretical expected
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results. The expected main impact for Canada from an immediate (in 2003) decline in
the actual, and more importantly, in the effective tariffs for refined sugar imports from
CA-4 countries would likely be a very modest domestic price decline for refined sugar.
Thus, the expected consequence of the tariff reduction for refined sugar would be a
modest, but positive benefit, for consumers and further food processors. The expected
outcome would also be relatively small but negative for Canadian sugar beet producers,
and alternative sweetener producers. A slightly more significant negative impact would
likely occur for Canadian sugar refiners, as their processing margins would be
squeezed considerably from reduced selling prices. As well, processing volumes for
Canadian refiners may be reduced, but likely less than the increase in the refined sugar
imports, due to the expansion in domestic demand for sugar.

The impact on Canadian sugar refiners would depend, largely, on the incentives for,
and the ability of the CA-4 countries to expand their exports of refined sugar to Canada.

This expansion could be done, in the short term, through a diversion of their current
refined sugar exports from other markets. A larger impact would come from their ability,
in the longer term, to expand sugar production and refining capacity. This expansion in
refining capacity would take time and a commitment to take advantage of the improved
tariff free access to the Canadian market. Guatemala, the largest CA-4 exporter has
been increasing its sugar production and has the potential to significantly increase the
area devoted to sugar cane production. Other constraints on the increase in exports of
refined sugar exports to Canada would be the higher transportation costs associated
with refined sugar and whether the CA-4 refiners can compete with Canadian refiners to
provide the quality and type of product, within a time-frame, that Canadian buyers are
willing to purchase. The CA-4 countries are currently not equipped to provide the same
quality and service offered by Canadian refiners.

The expected impact on other suppliers to the Canadian market (Australia, Brazil) would
be the loss of their Canadian market share to the CA-4 countries. The impact on these
sugar supplier countries would be expected to be minor, but would depend, in part, on
their ability to divert exports of sugar to other markets, and on whether such changes in
trade flows would result in a loss in export revenue.

As noted above, the reduced tariff on refined sugar is expected to be positive for the
further processing sector, such as bakery, soft drinks, and confectionary processing,
where sugar is a considerable input. The food and beverage sector is a large one in
Canada, and it accounts for more than 80 percent of Canadian sugar consumption. A
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reduction in refined sugar costs would make these industries more competitive. A
number of the food and beverage products are exported to, or compete against imports
from, high-priced sugar markets, such as the US. Net exports of processed food
products, containing sugar, would therefore be expected to increase. Part of the
benefits is offset by the exemption for the countervailing duties on US sugar used in
products for re-export to the US. The lower cost for refined sugar would also dampen
the demand for the alternative sweeteners (e.g., HFCS) in Canada. Thus, the demand
for refined sugar would be expected to increase from further food processors. The
consumer retail demand for refined sugar, in contrast, is unlikely to expand very much
as empirical estimates indicate that it is relatively insensitive to price. Nevertheless,
consumers would benefit from the lower sugar prices, and the increased consumption
and lower prices for processed food products, containing sugar.

Canadian sugar beet producers are concentrated in Southern Alberta. While the global
price of raw sugar would likely be unchanged from the Canadian action on refined sugar
tariffs, the expected reduction in processing margins for refiners could reduce their offer
price to sugar beet producers. Sugar beet producers selling price is based on the
processing plant’s revenue, The outcome would be affected, in part, by various market
factors such as the production alternatives for sugar beet producers, and the economies
of scale from sugar beet processing at the Taber, Alberta plant. This market is partially
protected from competition by transport costs.
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4 Framework and Scope for Analysis

4.1 Direct Economic Impacts

The prime concern in the development of the analytical tool for the global sugar market
is to illustrate the impact of a policy change on refined sugar tariffs in Canada.

Modeling of the reduction in the Canadian refined sugar tariff for a single country or
region (such as the CA-4) is complicated by the fact that trade flows must be taken into
account between Canada’s partner countries, and between those countries and the rest
of the world (non-FTA). Once commonly used approach for such an analysis is to
construct a bilateral trade flow model which treats products from different sources as
different products. This approach allows the examination of the impact from changes in
tariffs that affect some, but not all, trading partners (a FTA) to be simulated. A standard
methodology for this type of modeling approach is a so-called ‘Armington’ specification
(named after its inventor). In this specification, it is assumed that after the total demand
for imports for a country has been determined, relative price changes among the
imports (caused for example, by a tariff change) determine the mix of imports by source.
Thus, the model structure allows an endogenous selection of the volume and source of
product, when relative prices change.

The selection of the Armington specification for the economic model was compelling in
order to consider product differences in the international market for sugar among
countries. First, it was incumbent in the context of changing the level of refined sugar
tariffs from one source (i.e., the CA-4 countries), while maintaining tariffs on refined
sugar imports from all other sources. In this case, they are assumed to be different
products (i.e., with respect to price). Without this assumption, establishing the extent of
trade diversion by the CA-4 countries from other countries to Canada becomes an
arbitrary or predetermined estimate. The second rationale for the choice of the
Armington specification is that Canadian refined sugar users implicitly treat domestic
and imported refined sugar as different products (despite their chemical similarities),
due to a series of inherent differences such as perceived quality considerations,
extensive variety of product requirements, timing and mode of deliveries, and
associated services provided. The Armington approach allows an examination as to the
extent of how different, or how substitutable, are the refined sugar products originating
from the various domestic and international sources. Hence, the assumptions as to the
degree of the differences are explicit and testable within an economic framework. Also,
variations in supply responsiveness can examined.
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The Armington approach was applied to the Canada-CA-4 countries free trade area in
the analytical model, SUGR (SUGaR sector model). The SUGR model divides the
world into 3 regions, Canada, CA-4 countries, and the rest of the world. The data set
used for the model is described below and is shown in appendix 1. In addition, the
variable definitions and the set of equations for Canada for the SUGR model are
attached in appendix 2.

The model logic is laid out as follows (see the listing of equations for Canada in the
appendix 2 for a sample following this logic). Two products, raw and refined sugars are
modelled. Countries/regions can produce raw (cane) sugar or beet sugar (measured in
terms of refined beet sugar) or both. Refiners can process raw sugar (domestically
grown as in CA-4 countries or imported as in Canada) into refined sugar. The demand
for refined sugar in each country can be met by growing (and refining) beet sugar,
refining raw (cane) sugar domestically grown or imported, or by importing refined sugar.
Since products are differentiated by region, a separate price exists for each product.
The relative movement of these prices in response to policy (tariff) change determines
the source of both refined and raw sugar (domestically produced or imported). As
prices and other model variables change, global balances are maintained for each
product so that supply always equals demand even when sources of demand change.
Thus, the model is always bound by real world accounting of trade, production and
consumption. Given the global and national product accounting that is maintained,
model behaviour is determined by assumptions about production, consumption and
refining responses to price changes. In addition, choice of the source of consumption
depends on the relative prices of raw and refined sugar from the alternative
consumption sources.

Consumption prices are determined by a world price plus a tariff. In this study, the
relevant tariff that is changed over time is the Canadian import duty on refined sugar.
The tariff for refined sugar of C$30.86/t is removed from refined sugar imports from the
CA-4 countries with the implementation of FTA. Sugar consumers are expected to
respond to the changes in prices from the various sources, including the Canadian tariff
reduction as well as world price changes needed to re-balance the sugar markets.
Supply of raw and beet sugar responds to the prices faced by producers.

Consumption of raw sugar (for processing) is determined by the prices paid for sugar
from importers versus that grown domestically. For refiners, prices used are the relative
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prices of raw to refined sugar. If the price of raw sugar from one source goes up,
refining of raw sugar from that source declines due to increased costs. If the price of
refined sugar rises (declines), then refining increases (declines) due to increased
(reduced) profits.

Relative prices of refined sugar from alternative sources determine the consumption
source. For example, if the price of refined sugar from CA-4 countries declines in
Canada because the duty is lowered, then more CA-4 country refined sugar is imported.
The increased use of CA-4 country refined sugar is at the expense of imports from the
rest of the world, and at the expense of Canadian refining of imported raw sugar, and
possibly at the expense of the production of Canadian beet sugar. Sugar policies other
than the Canadian duty on CA-4 sugar were assumed to remain unchanged over this
period.

The degree of substitution in consumption from alternative sources is represented in
terms of own and cross price responses calculated from an assumption about the
substitutability of products from alternative sources (technically, an elasticity of
substitution). The assumption about substitutability is important to model behaviour, as
the import tariff is lowered. Substitutability embodies assumptions about products and
their trading environment (a judgment). Low substitutability means, that from the
consumers’ (and processors) viewpoint, the products maintain some of their
individuality, and switching between them is a slow and partial process, at best. In
contrast, a high degree of substitutability as used in the basic and alternative scenario
means that consumers (and processors) would quickly adjust their sourcing decisions in
response to tariff changes. So, one key assumption in the model is the elasticity of
substitution which represents this degree of practical substitutability and flexibility
among product sources. For Canada, if one assumes that consumers are highly
indifferent between imported and domestically sourced refined sugar, more CA-4
country imports are likely to occur as the tariff is reduced, even if the initial level of
imports is low. Increased imports of refined sugar from CA-4 countries displace
domestic refining (from raw sugar imports), imports of refined sugar from the rest of the
world, and the production and refining of Canadian beet sugar. If one were to assume
less flexibility and substitutability in the markets, all of these impacts would be smaller.

The KEY assumption differentiating the basic and alternative scenarios presented is

one about the Canadian supply response. This response is embodied in assumptions
about supply elasticities for Canadian beet sugar production and Canadian refining of
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raw cane sugar. The basic scenario assumes a modest supply response from refiners
and beet growers as product prices change. The alternative scenario assumes a much
higher supply elasticity or responsiveness to price changes; this means that a price
decline caused by a tariff reduction would bring about a greater contraction in sugar
refining and beet production. Supply growth assumptions also matter but they were not
varied in the scenarios presented — they would matter in a dynamic version of the
model. So the bottom line on the modeling approach is that CA-4 countries’ refined
sugar import penetration in Canada under a proposed FTA could increase, but the
amount depends upon one’s assumptions about the supply response of Canadian
producers in the short and long term. The assumption of more flexible markets in both
scenarios (high elasticities of substitution) means more competitive sugar markets
where industrial and home sugar consumers are impacted more by relatively small price
changes. An assumption of less flexible markets with less substitutability would mean
smaller impacts from the FTA and those presented in this report.

The model does not explicitly include micro level responses, such as the possibility of
Canadian sugar refinery plant closings. The high supply response scenario might result
in enough refined sugar imports from CA-4 countries to make such a plant closure more
likely, especially if margins are highly sensitive to capacity levels. Since the model
assumes competitive markets for sugar because of trade in raw and refined sugar,
producers and processors cannot restrict production or refining to raise prices. In
Canada, however, with only 1 or 2 major refining firms in each region and in the CA-4
countries with highly regulated markets, this competitive assumption may be
questionable. Existing firms may have some flexibility in how much they have to
respond to competitive pressures. For example, the assumption of more substitutability
of sugar from various sources (higher elasticities of substitution and therefore own and
cross price elasticities of demand for refined sugar from various sources) is consistent
with a more competitive market situation where the impact of the proposed duty
reduction on prices and Canadian production is greater.

4.2 Data Sources

Because of the time limitations for this study, the model was constructed from available
data and parameters. The demand and supply elasticity estimates were obtained from
A 1989 Global Database for the Static World Policy Simulation (SWOPSIM) Modeling
Framework, published by USDA’s Economic Research Service in 1992. In addition, the
formulae for calculating own and cross price elasticities of demand from elasticities of
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substitution are explained in Modeling Bilateral Trade Flows with the Static World Policy
Simulation (SWOPSIM) Modeling Framework, published by the Economic Research
Service in 1986. Elasticity estimates were also reviewed in other international models,
which contained a sugar sector for developed and developing countries (e.g., Food and
Agriculture Policy Research Institute model, USDA Forecasting model, OECD Aglink
model, and IIASA Linked National Models).

Several key aspects of the market were uncertain, such as the extent of the
substitutability of sugar from various sources, and the possible rate of expansion of
processing capacity in the CA-4 countries, or contraction in Canada. To compensate,
the economic impacts were calculated under alternative assumptions. In this respect,
the simulation model is very transparent, so that it is apparent how to evaluate or modify
simulation scenarios.

The basic data used for the analytical model (sugar supply, consumption, exports,
imports, stocks and prices) were obtained from Statistics Canada, for Canada, and the
USDA (world supply-utilization) for all other countries and international markets. FAO
data were used to allocate data between the raw and refined products, where such data
were not readily available. The year 2000 was selected as the base year for the model,
as this was the latest annual data available. Considerable time was devoted to
developing a consistent international data set, which is fundamental for the model
structure used in the study.

The modelling and the analytical work of USDA sugar experts made an important
contribution to the construction of the SUGR model.

5 Alternative Scenarios

5.1 Two Scenarios

The study examined two scenarios for the reduction in the specific tariffs for refined
sugar from the CA-4 countries. The basic scenario examined in the study was an
immediate reduction in the Canadian refined sugar tariffs, as of 2003. This allowed a
quantitative assessment of an immediate change in the Canadian and CA-4 countries’
sugar market of the expected effects outlined in section 3.

The alternative scenario examined was one with a more responsive supply response
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for Canadian sugar producers and refiners.
5.2 Sensitivity Tests

There were several areas of the study where the information was weak, or the likely
responses of the market participants were quite uncertain. The quantitative analysis
designed allowed sensitivity testing of various degrees of change of those market
parameters which were deemed to be critical assumptions to the results. Three of
these changes were specifically tested as part of the study to illustrate how important
the economic assumptions were to the policy impacts. While the general impact of the
sensitivity testing is discussed, the scenario results are not presented.

Greater response from the rest of the world

The basic and alternative scenarios assume that the Canadian tariff reduction in the
context of a free trade area causes most of the impact in the partner regions, i.e.
Canada and the CA-4 countries. However the CA-4 countries (primarily Guatemala)
could divert some of their exports of refined sugar, currently being exported to other
countries, to Canada. The rest of the world could also respond to price changes
resulting from the Canadian removal of the tariff on refined sugar imports from the CA-4
counties; this would mitigate the impact on the CA-4 countries. This assumption was
tested in the analytical framework by assuming that there would be a much higher level
of price response from the rest of the world (the price transmission elasticity between
world prices and rest of the world prices was raised from the 0.2 level used for this
report to 1.0). This assumption resulted in little change for Canada but the rest of the
world shared more of the impact at the expense of the CA-4 countries.

Canadian Supply and Refining Capacity Response

The KEY assumption used in the study is about the Canadian production and refining
capacity response. The basic scenario assumed a modest response meaning that the
removal of the tariff would not decrease Canadian beet sugar production and Canadian
refining of raw cane sugar very much. The alternative scenario assumed a 10-fold
increase in supply response for these two sectors meaning that a tariff reduction would
cause a greater contraction of beet sugar production and sugar refining.

27



28
Refined sugar tariff

An important question was the ability of the CA-4 countries to increase their refining
capacity. The CA-4 countries were assumed to have a high supply response for the
both the production and refining of cane sugar; an assumption which seems to be
widely held. A relatively low cost approach, already used by processors in these
countries, is to add refining capacity to an existing sugar cane processing mill. Had
these supply elasticities been increased more, the CA-4 supply increases would have
been even larger.

Phasing of the reduction

A dynamic representation of the model was also developed and applied for the project.1
Using this dynamic model, tariff reductions were made in eight equal steps over the
period from 2003-2010. This allowed an assessment of a gradual versus an immediate
implementation of the refined sugar tariff elimination by Canada from the CA-4
countries, by simulating the results over the period 2003-2010. Projections of
population and income were also made as part of the dynamic model alternative
scenarios. The results from the dynamic model showed very little difference on the
overall impact at the end of the period between a scenario with a gradual elimination of
the tariff by 2010 or one with an immediate elimination in 2003. Moreover, since the
results were relatively modest, either method of implementation would not substantially
affect participants. Since, the dynamic aspect of the model did not materially affect the
results, it was decided to use the static model. This static model structure is simpler
and the reporting of the results of the policy changes is clearer. Finally, the impact of a
gradual reduction in the tariff over time basically follows a linear path.

'The dynamic model (SUGS) structure, data and various scenario results for the
global sugar market are available from the authors. This model also runs on the
VORSIM software.
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6 Impact of Tariff Reduction

6.1 Basic Scenario

Using the basic analytical approach of an Armington-type model outlined in section 4,
the refined sugar tariff of $30.86/mt. on the imports from the CA-4 countries was
assumed to be unilaterally eliminated by Canada. A summary of some of the market
impacts for the basic scenario is presented in Table 2. More comprehensive statistics
for the basic scenario, (and the alterative scenario) are shown in Appendix 3. The
results reflect the Canadian refined sugar tariff reduction, compared to the base with the
tariff in place.

An elimination in the refined sugar tariff would result in a small reduction (0.4 percent)
in the total level of raw sugar imports into Canada. This reduced level of Canadian
imports reflects not only the decline in the import demand for raw sugar for refining in
Canada, but the switch in the CA-4 countries from exporting raw sugar to exporting
refined sugar. Reduced refining margins in Canada would occur, while the opposite
effect would take place in the CA-4 countries. Little change occurred in domestic sugar
beet production ( a decline of 0.5% - which would only affect the Taber processing
plant). Canadian Sugar beet supply is influenced by the refined sugar price (under a
formula with producers), but it is not very responsive to changes in the refined sugar
price, as sugar beets represent a good option for irrigated land. Thus, total Canadian
shipments of refined sugar, and the level of capacity utilization by the Canadian sugar
refiners using imported raw sugar would decline marginally (0.4 percent).

A modest increase in refined sugar imports into Canada is expected, as a result of the
refined sugar tariff elimination. The CA-4 countries are expected to increase their
exports of refined sugar into Canada by 12,500 mt (290 percent). A small increase in
refined sugar imports is foreseen from the rest of the world. As a result, total imports of
refined sugar would be expected to increase modestly (12.4 percent) into Canada, as a
result of the refined sugar tariff elimination.

Table 2: Impact of the Elimination of the Refined Sugar Tariff (Basic Scenario).
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Raw Sugar Imports Base Impact Impact
(Canada) (1000mt) (1000mt) (% change)
CA-4 countries 96 -3.5 -3.6%
Rest of World 986 -0.7 -0.1%
Total 1082 -4.2 -0.4%
Refined Sugar Imports Base Impact Impact
(Canada) (1000mt) (1000mt) (% change)
CA-4 countries 4 12.5 290%
Rest of World 84 0 0.1%
Total 89 12.5 12.4%
Canadian Shipments Base Impact

Impact
Refined sugar (1000mt.) (1000mt) (% change)
Domestic source 110 -0.5 -0.4%
Total 1082 -4.2 -0.4%
Unit Import Price from CA-4 2000 Impact Impact
(Incl. tariff) (C$/mt) (C$/mt) (% change)
Raw sugar 228 0 0%
Refined sugar 475 -21.5 -4.4%

Source: study estimates

World prices for raw sugar are not expected to change as a result of the Canadian
refined sugar tariff elimination, as its impact on the world market is minimal. Canadian
raw sugar prices are based directly on world prices. The unit import value for refined
sugar from the CA-4 countries is expected to fall by about 70 percent extent of the tariff
reduction, or about $22/mt... Nevertheless, the average Canadian domestic price for
refined sugar would fall very slightly, because the CA-4 countries’ volume represents
only a very small share of the total refined sugar market in Canada. Given the structure
of the international and Canadian sugar markets, it is expected that other countries
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exporting to Canada would not drop their refined sugar price to the level of the CA-4
countries in order to maintain market share. Thus, margins for refined sugar for
Canadian refiners would decrease very slightly. The drop in the CA-4 countries’ import
price for refined sugar is consistent with an inelastic import demand for CA-4 countries’
refined sugar, as their quality is viewed as lower than the domestic product and they
have a limited ability to provide the type of product, for just-in-time delivery, with all of
the services that Canadian sugar users demand. Moreover, the underlying final
domestic Canadian sugar demand is inelastic. At the same time, the CA-4 countries’
export supply is quite elastic, as they can supply additional quantities of refined sugar to
Canada by diverting expanding supply.

6.2 Increased Canadian Supply Responsiveness

In this scenario, as in the basic scenario, the elimination of the refined sugar tariff would
result in a modest decrease in total Canadian raw sugar imports (0.4 percent). Because
of the increased Canadian supply response, it was estimated that there would be a
larger percentage increase in raw sugar imports from CA-4 countries than in the basic
scenario. This reduction in Canadian raw sugar imports reflects the same factors as
described in the base scenario—changes in refining margins and the switch from
exporting raw to refined sugar in the CA-4 countries. The small decline in domestic beet
production (0.8 percent) was double the basic scenario as was the small decline in
Canadian refining. Overall, Canadian shipments of refined sugar declined by 0.7
percent.

With the increased Canadian supply response, trade patterns changes were stronger
than in the basic scenario. The projected total refined sugar imports of 115,100 mt.
would not be a record level for Canada. Essentially, the increased demand for refined
sugar in Canada (18.0 mt.) due to reduced sugar prices, is met by increased imports of
refined sugar from CA-4 countries (26.1 mt.) and a decrease (8.4 mt.) in Canadian
sugar refining. As sugar consumption in Canada would increase by 1.4 percent, the
total shipments of refined sugar, and the refining capacity utilization in Canada would be
expected to decline slightly (less than 1 percent) from the base period.

Table 3: Impact of the Elimination of the Refined Sugar Tariff (Stronger Canadian
Supply Response).
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Raw Sugar Imports Base Impact Impact
(Canada) (1000mt) (1000mt) (% change)
CA-4 countries 96 -6.4 -6.6%

Rest of World 986 -1.2 -0.1%

Total 1082 -4.1 -0.4%
Refined Sugar Imports Base Impact Impact
(Canada) (1000mt) (1000mt) (% change)
CA-4 countries 4 26.1 609%

Rest of World 85 0.8 0.9%
Total 87 26.5 30%
Canadian Shipments Base Impact Impact
Refined sugar (1000mt.) (1000mt) (% change)
domestic sources 110 -0.8 -0.8%

total 1082 -7.6 -0.7%

Unit Import Price from CA-4 Base Impact Impact
(Incl. tariff) (C$/mt) (C$/mt) (% change)
Raw sugar 228 0.1 0%

Refined sugar 475 -30.2 -6.4%

Source: study estimates.

In this environment of a greater Canadian supply response, the unit import price
(including the tariff) for refined sugar from the CA-4 countries declined substantially
($30.2/mt.), almost the full magnitude of the tariff reduction. Overall, refined sugar
prices declined only slightly (0.1 percent) in Canada but CA-4 raw sugar prices increase
more than in the basic scenario. As in the basic scenario, it is expected that the
structure of the refined sugar market would deter other countries from lowering their

refined sugar prices to maintain import market share.

6.3 Welfare Estimation
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In order to provide an overall evaluation of the impact from the tariff elimination for all of
the market participants in Canada, the CA-4 countries, and the rest of the world,
estimates of the producer and consumer surplus and other welfare components were
calculated for each of the scenarios. Since the Armington model distinguishes between
types of sugar by source, this distinction was taken into account in the use of prices for
the consumer surplus (savings) calculations. A summary of the results is shown in
Table 4. Detailed results for the two scenarios are shown in Appendix 3.

Table 4: Estimated Welfare Gains and Losses ($ million).

Scenario Canada CA-4 Countries Rest of the World
Basic scenario
producer income -0.12 0.96 -.08
refiner income -1.26 -0.01 -.01
tariff revenue -0.13
producer rent 0.36
consumer savings 0.93 -0.38 0.13
total welfare change -0.59 0.93 0.04
Higher supply response
producer income -0.19 2.14 -0.09
refiner income -1.9 -.01 0.03
tariff revenue -0.13
producer rent 0.92
consumer savings 0.55 -0.8 0
total welfare change -1.66 2.25 -0.07

Source: study estimates

With the basic scenario, there was a small welfare loss for Canada and a small welfare
gain for the Central American countries. Canadian consumers gained from lower sugar
prices but Canadian refiners and growers suffered small income losses. Including the
loss of tariff revenue, Canada lost about $0.6 million. Central American growers
increased incomes and refiners obtained a rent by selling tariff-free into the Canadian
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market. Central American producers lost a small amount by having to pay slightly
higher sugar prices. Because the rest of the world was set to respond only slightly to
the Canadian Central American free trade agreement, its welfare changes were very
small.

Welfare effects were over twice as large for the alternative scenario where a larger
Canadian supply response was assumed. However, estimates of the overall consumer
and producer surplus for the CA-4 countries show relatively small impacts in both
scenarios. The welfare losses for Canada range from $0.6 to $1.7 million while the
welfare gains for the Central American countries range from $0.9 to $2.3 million. To
further increase the welfare gains from the increased producer surplus, the CA-4
countries need to liberalize domestic sugar policy so as to restrict any retail price
increase. For the rest of the world, welfare changes are small for both scenarios.

The modeling exercise suggests that even under the most favorable circumstances, the
changes from the Canadian removal of the refined sugar tariff on imports from Central
America are likely to be modest. Of course if the Canadian sugar industry believes that
that other exporters to the Canadian market will match the price reduction to Central
American countries, then if Canadian prices are lowered to meet this expectation,
declines in Canadian sugar production and refining could be greater.
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7.0 Concluding Observations

The quantitative framework developed for the study provided one approach to assess
the impact of the elimination of the Canadian refined sugar tariff. In addition, it allowed
tests of the sensitivity of various assumptions and market responses to the overall
outcome of the market impacts. In particular, it showed that the assumption on the
substitutability of raw and refined sugar among countries was important in estimating the
CA-4 country share and the total level of refined sugar imports. A greater supply
response to price changes in the sugar sector in Canada did result in greater increases
in the level of refining in the CA-4 countries, and exports of refined sugar to Canada.
The timing of the implementation of the reduction showed little difference in the impact
over the long medium term. With little impact, the Canadian refiners do not require a
long adjustment period. The expectation that the structure of the market would deter
Canadian refiners and other country exporters from reducing refined sugar prices was
also a factor in limiting changes in the Canadian refined sugar market.

For both of the scenarios examined, capacity utilization of Canadian sugar refiners is
only marginally reduced, even in the conditions of a very elastic Canadian supply
response, under the elimination of the tariff on refined sugar. Canadian sugar beet
production is marginally impacted by the elimination of the refined sugar tariff as are the
refining margins in Canada.

Canadian sugar users, both food processors and retail consumers benefit from slightly
lower domestic prices and increased competition in the refined sugar market.
Consumption would be expected to increase by 0.6 to 1.4 percent as a result of the
refined sugar tariff elimination. In the context of a total welfare calculation, gains to
Canadian consumers were less than losses to producers in the two scenarios.

CA-4 countries gain a larger share of the Canadian refined sugar imports from the
removal of the refined sugar tariff. The rest of the world exporters see little change in
their market share. The changes calculated in the study are small and represent a tiny
part of the total world sugar market. It appears that there would have to greater price
declines in the Canadian refined sugar market before Canadian importers would be
willing to replace Canadian refined sugar with imported CA-4 countries’ sugar. Thus,
the benefits to the CA-4 countries would be modest in both scenarios.
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Appendix 1: Model Specification and Definitions

The calculations in this report

were done with a small static

Armlngton bllateral trade ﬂOW hile Edit  Wiew lnse},: SFgrn|1|atSt tI.DD:UGE_)a;a wdln;:low Help  Acrobat  WORSIM -3 X
esc - A Srnall Static aR rode
model SUGR that was SUGR__|C:\VMOD\ [ Begin: | 2000 | Base 2000 | End| 2000 =
Created W|th the VORSIM SrgEILeStta gziec:l\.i[)ir}actory\ ----------------------------- Tirne Periods for Data and Modek-—----
f ption
spreadsheet modeling CN__|Canada _
. e CA  |Central America - 4 A complete description of the structure of a
SyStem_ The definitions of RW  |Rest of Warld WORSIM model such as SUGR can be found at
the regions prOdUCtS WM |World Market cleating mechanism  |the website: www.varsim.com
variables, and indicators in Category|Description
. CAR _ |Raw (zane) sugar sourced in Central America (4)
the mOdel are Shown n the RWR  [Raw (cane) sugar sourced from the Rest of the World
HPLI CNF__ |Canada - reFined sugar (refined from raw cane sugar or local sugar beets)
SUGR mOdel def|n|t|0n Sheet CAF _ |Central America (4) - reFined sugar (refined from raw cane sugar or local sugar beets)
to the r|g ht W0r|d raw and RWF  [Rest of World - reFined sugar (refined from raw cane sugar or local sugar beets)
reﬂned Sugar data was Variable | Lag Description
fs 0 shift - supply, 1= no shift
aggregated to three fd 0 shift - demand. 1 = no shift
CountrleS/reg|OnS - Canada’ pY 0 i CN$I_MT o This is the definition the SUGR
. tv 0 import tariff - ad valorem - % . .
Central America (4 ts 0 import tariff - specific - CNEMT E’?rmmgt]ocn mod)ellj. 'trherg ahredSbcattEgorles
. qs 0 quantity, supply - 1000 MT Sl R R BRI LR

CountneS), and the I’.eSt Of the qd 0 quant?ty, demand (total) - 1000 MT production (country/region) source.
World) For the Arm|ngt0n a 0 quantity, net trade - 1000 MT Indicators definitions are shown below
demand Specification 5 {green row heads). Indicators are added

B ’ to each solution after it has been saved.
categories of sugar were
defined in SUGR according Isheet |Description of indicator aggregate sheet. ... cecernens e e

WD |¥WarlD

to the source of the sugar.
Equations are written for

i Ivariable |Description of indicator variables....cooie
prices, Supply’ demand’ and ref|refined sugar - 1000 MT

trade. While the model itself vit|value of refined sugar M $C

. . vs|value of sugar crops - W §C

IS an Excel WorkbOOK, |t IS scn|total refined sugar consumption - 1000 WT -

Created from SetS Of Excel vsc|value of total refined sugar consumption - M §C

workbooks inClUding the W« » ¥y Definition / Variahles / [«] | DN
Click [Button] to start & WORSIM operation... TR

definition workbook shown
and on the next page, the equation workbooks shown on subsequent pages, and a data
workbook. Indicators are added to model solution workbooks after they have been
created and saved; indicators are simply post-solution calculations done with solution
value. The VORSIM model building framework provides a structure for the SUGR
model as it is built. A model construction begins with the definition workbook. Then the
equation workbook is constructed, equations are built, and a model is assembled.
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When equation parameters are change, the equations can be re-written automatically
and the model is re-assembled with the click of a button. VORSIM automatically puts
the control buttons for all operations into the workbook where the operations are carried
out. Details on VORSIM model building and model structures can be found on the
website: www.vorsim.com.

The master variable list for the E? VORSIM - SUGRdef =3
SUGR model is shown to the @ = .
nght Vanable names are Eill—:a2 Edit  Wiew lnse;t Format  Tools Data  ‘Window Help  Acrobat  YORSIM -8 X
c?onca:tenatlons Of the COdeS 1. Create |- Wariahles | 2. Create Data Workbook 3. Create Equation Workbook 1=
listed in the model definition SUGR N A RW Wi ]
sheet above. Following the e e R Sy
definition sheet for example, the Ll CHLGE I
variable CNtsCAF is the fICAR | CNfICAR | CARCAR | RWIICAR This is the rmaster
; ; fdRWR_| CNdRWR | CARIRWR | RWIdRWR model variable list
Cana.dlan tar.n"f on Central fACNF_| CNdCNF | CAFICNF | RWIACNE for the model
American refined sugar. fACAF | CNFICAF | CAMCAF | RWIICAF SUGR.
S dsheet t data i FARWFE | CNidRWF | CARIRWF | RWIIRWF
preadsneets put data In DICAR | CNprCAR | CANIGAR | RWpICAR | WMBrCAR
particu]ar cells. This sheet prRWR_ [ ChprRWR | CAprRYWR | R prEWR [WhprRiR
. . PrCNF | CHprohF | CAprChE | RvWprCME | WhiprChE
specifies the location of each PICAFE | CHprCAF | CApICAF | RWpICAF | WMpICAF

H H H prRWE | CNprRWF | CAprRWF | RVWRrRWE | WiiprRWWF
variable and piece of data in the |-E=——=—+=" AR

model workbook and serves as tWRWR_| CNtvRWR | CAWRWR

. tvCNF CAWCNFE | RWMWtCNF
a reference point for many CAF | CNOCAE ROCAR
model building operations. WRWE | CNVRWE | CAWRWE
tsCAR | CMtsCAR RitsCAR
Note the buttons at the top of 1SRWR_| CNtsRWR | CAISRWR
the sheet which initiate various |l 1-=Aecht Bl
model-building operations. 1SRWF_| CNtsRWF | CAtsRIWF
. CAR CARsCAR
These buttons are put in place SRWR e R
and linked to VORSIM (‘II:E;FF T ERE e
programs as a model is built. QICAR_| CNgdCAR | CAqdCAR | RWgdCAR
Each VORSIM-built model has, {8 foeulcartml o
in effect, its own set of custom qdCAF | CHgdCAF | CAqdCAF | RWadCAF
built controls put in place in qIRWF | CHgdRWF | CAqdRWE | RWodRWF
qICAR | CHGICAR | CAQICAR | RWgiCAR | WMQICAR
each Component workbook (qtRWR | CHgtRWR | CAgtRWR | RWatRWR ['WhgtRWR
’ QICNF_| CNgiCNF | CAGICNF | RWQtCNF | WhgtCHE
Normal spreadsheet tasks can qICAE_ | CHYICAF | CAGICAF | RWQICAF | WhigiCAF
be done in model workbooks qIRWFE | CNgtRWF | CAGRWE | RWgtRWFE | WhGtRWE ™
along with VORSIM operations. i « » » Defrition },variables / [« i
The Canada (CN) Sheet Of the Click [Button] ko start a YORSIM operation. . . MM
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SUGR equation workbook is shown below. The top of the sheet contains matrices of
parameters which define the equations. The set of equations for Canada appear at the
bottom of the sheet in groups. The first group consists of price equations relating the
world price for a type of sugar to the Canadian price, including any tariffs in place.

E? VORSIM - SUGReqp =]
a & & @& -
@ Fle Edt iew Insert Format  Tools  Data  Window  Help  Acrobat  WORSIM -3 X
L37 = A
CH A Equation Parameter Matrix write CH Equations Put CM Equations in Macdel Calculste 1 Intercept |- |
CN - Equation Parameter Matrices and Equations EdtEaustion | _ EoustionBark | symmetry |
CH domestic sugar price = world price + tariff This matrix procuces CH price equations. CM prices are & function of the warld prices for the 5
Domestic | specific| world|  ad val Armington types of sugar plus the import tariff. A price transmission slasticity relstes the world price
price taritf| price'te tarift
T +is]| jpr|"#) | +itv|i1 007 | (Domestic price for each separate type of sugar - Armington model assumes a separate market for each type)
CAR - 1.00 - CM price of raw (cane) sugar imported from CA
REWR - 1.00 - CM price of raw (cane) sugar imported from Ry
CHF 1.00 CM price of sugar refined in CH (from CH beets and imported cane sugar)
CAF - 1.00 - CM price of refined sugar impotted from CA
PWF - 1.00 - CM price of refined sugar impotted from R
This matrix produces the supply equation for Canadian beet sugsar
Supply (g=**R = cane sugar supply, 9=™F = beet sugar supply) . >
Aty o e | ATt | +wh. CA] +wt. W] % elast | % ek, CT;;CTF ;stha sharel of tt?tal _reflned demand (CNGACMF) but incresses
supply =hitt tetm CNF [ ref. price | ref. price ref beets| refining IElallYe YT ING: SUPRLY. RICENCT S A 56
qs Htg]|  Mgo*(0 pA*lor CHE p#*ipr CAF F¥prRE R -#1| CM produces only beet sugar (which iz always refined in Ch)
CHF - - 1.00 0.00 0.00 15.00 12.00] =--CM beet procducers and sugar refiners respond to & weighted average of prices
Armington demand for Raw and reFined sugar by source (domestic or imported). Own demand = refined cane sugar + beet sugar
guartity oot O+t CA |+t W 2 elast. | price CA | price R price CM| price CA | price R (g, CM ref
demand | shift term | shift term ptice price price) | refining. rauy rawe| refined| refined| refined ramy Total Shareof Demand Elast. Of Sum Arm. Sum sl
AP0 el p#*lor CMF R3Ir CAF M prRVWE 1% PprCARE rFVWR“# [Far CNF ¥ FlorCAF t!gr’RW'F"# F-lgs!F1# | demand  demand elast. subst. elast. elast.
CAR - 1.00 0.00 0.00 1200) 2741 2641 1.00f 10818 0.089 -1.00 30.00 -1.00 11.00
RWR - 1.00 0.00 0.00 12.00 259 -3.59 1.00 0911 -1.00 11.00
CHF - -3.04 010 1.94 12647 0.930 -1.00 3000 -1.00 Dem. shr.
CAF - 2696 -29.90 1.94 0.003 -1.00 oons
RWF - 2696 010] -28.06 0.067 -1.00 043
et tracle for each type of sugar The ahove matrix produces the Armington demand equations for rawe
guartity guantty | demand| demand| demand| demand| demsnd| demsnd| demand and_ refined sugar in Canada. Own and cra_s_s_ price elasticiies are
trade supply | T8 e | R rewe | C8 ravwe | RWrawe|  Chref| caret| Rwret derived from demand and substitution elastictiss.
Lt +0 +ios] | HogdCAR | HogdRWR | -lgdCAR | -lgdRAR | -lgdChiF | -lgdCAF | -lgdRAWE
CAR - -
LiLi = = Thiz matriz produces the trade equstions for Canads far each Armington product.
CHF = - = = = The sum of these variables plus those for CA and RV are summed for worl
CAE ' : markets in the 4 sheet.
RWF - -
Equations I .l
CNRrCAR 0+CRESCAR+(AMPECAR 151 +Chby CARA 00)
ChprRYR] D+ CNESFR AR 151 +CHERYWRA 0 These are the actusl equations prog{uced by the equstion genersting _matrlce_.s
CNRICHF 0+CAMBrCNFA ) above. If parameters are changed in the matrices shove, newvy equations wil be
CMprCar D+CMEECAF+(MprCAF 1 1701+ CNEVCAF A 00 weritten with the nesw parameters (and re-calculsted intercepts)
CHprRvE O+CMEsRVYE +MARFRWYE 1 171+ CtwRVSE 1 007
CMozCMNFE 0.000000001 0687 43*CNfsCMF*CHOACHE*{ 01 *CHprCMF{15-12
CMydCAR] 351681 9E-31 *CHfdCAR*(D+1*CMprCNF )™ 2ACNprCAR 27 41 *ChprRWR A28 41 CHgd CNF-CHgs CHFY™
ChedRWR 3.5911BSE-30MCHfdRVWR( 041 *ChlprCHF 3™ 2*Chlpr CARM2 S9*CMprRWR -3 594 Choyd CHF-Chlga ChEY™M
Chlegel ChIF 455219 5* ChFCHNF*ChHprChF 3. 04* ChlprC AR 1 *ChiprRnE 1 94
Chlged CAF 12496 TE*ChFdCAF*ChprChF 26 95*CHprC AF*-29 S*ChprRIAF* 94
Chocl Ry 245575 S ChEdRWE*Chipr CHF 26 S6* ChiprCAF" 1 *Chipr R *-26.08
CotCAR O+0-CMgdCAR
ChtRWR 0+0-ChgdRAWR
CMGHCNF D+ O CHGECHF +CGRC AR+ CHdRWR -CHHCNF
CMgtCAF O0+0-ChodCAF P
CMotRNF 0+0-ChlgdRYWE
=3
W« » W] Wariables B CN (A fRW £ WM { Basedata / [4] | [
Click [Button] to start a YORSIM operation, .. MM

Next follows the Canadian supply equation for beet sugar. Then the Armington demand
equations are shown where “own” and “cross price” elasticities of demand are
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calculated from an overall demand elasticity and an Armington elasticity of substitution.
These parameters are all shown in the equation matrices at the top of the sheet. If the
model is re-specified with a different parameter (e.g. supply elasticity or elasticity of
substitution), the number is changed in the matrix and the [Write CN equations] button is
clicked to re-write the equations at the bottom of the sheet with the new parameter.

World prices that clear world markets for each type of sugar are translated into domestic
prices with the price equations. These prices feed into the sugar crop supply equations
(sugar beets for Canada) and the Armington demand equations for raw and refined
sugar. The Armington specification assumes an overall demand elasticity for each raw
and refined sugar. A formula translates this demand elasticity and an elasticity of
substitution into a set of own and cross price elasticities for each type of sugar (raw and
refined) by source (domestic or imported from another region).

The refined sugar price for Canada (CNprCNF) enters the Canadian demand equations
for raw sugar imported from Central America and the rest of the world in such a way that
if the refined sugar price rises, demand for raw sugar for refining decreases. On the
other hand, the prices in Canada for imported raw sugar (CNprCAR, CNprRWR) serve
to discourage processing demand if they rise and encourage the use of alternative
import sources. The Armington raw sugar demand equations serve as the supply
equations for sugar processing (raw cane sugar); a refining supply elasticity responding
to the refined sugar price drives the demand for raw cane sugar along with the costs
(prices) of imported raw sugar. The Armington refined sugar demand equations, on the
other hand, allocate sugar demand between the possible sources of supply; for Canada
this is domestic processing of refined cane sugar (the variable CNgdCNF includes the
processing of imported cane sugar), domestic production and processing of beet sugar
(also included in the variable CNqQdCNF), imports of refined sugar from Central
American countries, and imports of refined sugar from the rest of the world. The
demand specification insures that if demand for Canadian refined sugar increases, it
increases proportionally for both cane and sugar beet refining. However the share of
sugar beet refining can be changed by making the supply elasticity in the sugar beet
production equation different from the refining supply elasticity.

The final set of equations calculates the net trade values for Canada for each type of
sugar. For CA and RW sugars this is import demand while for CN sugars this is an
equation which calculates net Canadian exports. Note that in SUGR there is no raw
sugar type for Canada because Canada does not produce cane sugar. These net trade
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values along with those produced by the CA (Central America — 4) and RW (rest of the
world) regions are summed to world net trade totals in WM (world market clearing
mechanism) sheet.

&4 YORSIM - SUGReqp =]
o = ¥ B g2 o
@ Fle Edit Wiew Insert Format Toole Data  Window Help  Acrobat  WORSIM -8 X
A2 = ~
CA Aol Egustion Parameter Matrix Wiite C& Equations: Put CA Equations in hocel Caloulate 1 Intercept =
4 - Equation Parameter Matrices and Equations M ___Enustion Bank | _ symmetr

Ca& domestic sugar price = watld price + tariff

Domestic | specific it ad val.
price tariff[ pricete tariff
T +ts | fpr}a )+l 00) | (Domestic price for esch separate type of sugar - Armington model umes & separate market for each type)
CAR 1.00 CA price of rave (Cane) sugar produced in CA
RWR - 1.00 - CA price of ravw (cane) sugar imported from Ry
CHF - 1.00 - CA price of refined sugst imported from Ch
CAF 100 Cé price of refined sugar refined in CA This sheet contains the ;quaﬂon genersting matrices and the equations for the 4
: A i Central American countries
RWF - 1.00 - CA price of refined sugst imported from Ry
Supply (3R = cang sugar supply, 93*F = beet sugar supply)
uantity ot CA] +at RY| s, elast
supply | shitt term rew raw|  cane
s it | #lprCAR RHprRAR ]
CAR - 1.00 0.00 15.00 =--C cane producers respond to 8 weighted average of prices
Armington demand for Rawve and reFined sugar by source (domestic or imported). Own demand = refined cane sugar + heet sugar
uantity ot M| +wt. CA |+l RV = elast| price CA| price R¥Y| price CN| price CA | price R] g C&
demand | shitt term | shitt term price price price)| refining. ey raw | refined| refined| refined| ref. raw Total Shareof Demand Elast. Of Sum &rm. Sum all
e Hfd[*(0 *fcl] pra*lar ChiF f#4prC AF - lprRUAE 7 PprC AR |iprRWR A [Mlor ChIF-# MprCAF"# tlgrR\NF“# HydF*# | demand  demand elast subsat elast elast
CAR - 0.00 1.00 0.00 12.00 1.0 oo 100 14265 1.000 -1.00 30.00 -1.00 11.00
RWR - 0.00 100 0.00 1200 2599 -2983 1.00 0.000 -1.00 11.00
CHF - -2899 2895 0.01 1146.4 0.000 -1.00 30.00 -1.00
CAF - 0o -1.02 0. 0893 -1.00
RWF - om 2898| -29.99 0.000 -1.00
Met trade for each type of sugar
guartity guartity [ demand| demand| demand| demand| demand| demsnd| demand
trade supply [ CAraw| R raw | Chraw| RWraw| Chref| Caref| RWref.
ot +0 +ljs]| +HodCAR | +idRNR | dgdCAR | lgdRR | dgdChiF | -lqdCAF | -lgcdRiNE
CAR - = -
RWR
CHF - -
CAF - - - -
RWF
Equations
CAprCAR D+(MprCARM )
CaprRIE D+CAtERWR-(MMarRWR ™ 101 +CAtvRWR M 00) CA prices are s function of world (Vb prices and Ca
CAPFrCNF O+CAESCNE+AMarCNE ™ J*(1+C At CNF H 00) taritts
CAprCAF O+0AMErCAF™ )
CAprRIAF) A RAME+(ubdir RUAE 401 +C ARV M 003 =
CAGECAR 1 A BBOGE S C A CARTL CADrCARIM S \The CA supply of cane sugsr is & function of & shift term and the supply
CAgdCAR 4 833804E-30FCAFACARM 0+1*CARrCAF )™ 24CAprCAR 1 01 CARrRVWR A (M *CAQACAF ™ | The Armington demand equations for CA calculated raw (refined) demand as a function
CAgdRE 2373 BBE-33CAFIRWRN0+1 *CAPrCAF )™M 2*CARrCARM28 99 CARrRYWR 29,99 C gdCaof own and cross price elasticities which are derived in the above matrices from an
CAGdCMF 94035580000+ C A FCNFHC AprChF#-28 99*CAprC AF 28 95+ CAprRIWF .01 oversll demand elasticty and an elasticity of substtution. In addition, the rave sugar
CAGACAF| 501731 FCAACAFCARRCNE~ 01 CAprCAF -1 D22 CaprRWFE 01 demand equations include a refined sugar supply price. Higher refined sugsr prices
CAgdRYE 188071 200000*CAfdRWEAC AprChF -~ 01 *C AprC AFA258 95%C AprFWWF.28 99 are expected to increase the amount of refining and therefore the demand for raw
CAGtCAR O+ CAgsCAR-CAYHCAR cane sugar to be refined.
CAGRWER] O+0-CAGRWR These are the net trade amounts for
CAGHCNF D+0-CAGICNF each type of sugar for CA. CA
CARCAF AU AR AGRVWR-CAGUCAF TP F s 1 O —
CAQRWE [40-CAgdRWE refined sugar from CH and Ry,
=
W« v M Variahles {crhCA S RW £ wi f Basedata / [4] | il
Click [Button] to start a YORSIM operation. .. MM

The equation sheet for the Central American region is shown above. It contains similar
types of equations and balances. The equation sheet for the rest of the world shown
below completes the set of equations for SUGR model.
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E YORSIM - SUGReqp

o T ¥ W g2 -
@ File Edit view Insert Format Tools Data  Window Help  Acrobst  YORSIM -8 X
A2 - #
RW Ao Egustion Parameter Matrix Witite RV Equations Put R Egustions in Model Caloulate 1 Intercent =
Ry - Equation Parameter Matrices and Equstions M ___Fouation Bank | _SYMY_I
e +t=] ] fpor|"#) | +itw]i100) | (Domestic price for each separate type of sugar - Armington model assumes & separate market for each type)
CAR 0.20 - R price of raw (cene) sugar imported from C4
RWR 0.20 R price of raw (cane) sugar produced in Rid
CHNF 0.20 - R price of refined sugar imported from CN
CAF 0.20 - Ry price of refined sugar imported from CA
RWF 0.20 R price of refined sugar refined in Ry
Supply (45**R = cane sugar supply, gs**F = beet sugar supply)
quantity oot CA| +wet, R =.elast.[ g.dem.| *Cwet CN| +wt. CA| +wi RW| = elast.| = elast.
Supply shift term | shift term raw raw Caneg FWF [ ref. price | ref. price | ref. price beet| refining.
qs g0 *lfs| pRHprC AR HMprRNE T [ Agol*(0 p#lr CRF #*prCAF F*rRYNE TR -#)| R produces beet and cane sugar.
RWR - 0.00 1.00 1.00 Cane sugar is refined in RW or exported
RWF 0.00 0.00 1.00 1.00 1.00| Beet sugar is refined in R,
Armington demand for Rawve and reFined sugar by source (domestic or imported). Own demand = refined cane sugar + hest sugar
guantity *wet, CM [+t CA |+t W] 5. elast.| price CA | price RW | price CN| price CA | price Ry . R
demand | shitt term | shitt term price price price) | refining FaEny raw | refined| refined|  refined| ref. raw Total Shareof Demand Elast. Of Sum &rm. Sum all
|qd Hfd*(0 *Ifci] pA*rCMF fHHprC AF M arRVE 1 PIorCARSE arFVVEE [Mor CHE % ParCAF ¢ t!ErR’WF"# F-log=lF)"# | demand  demand elast. subst elast. elast.
CAR - 0.00 000 1.00 1.00] -29.60 2563 1.00]" 986020 0013 -1.00 30.00 -0ar 0.03
RWR 0.00 ooa 1.00 1.00 057 137 1.00 0987 -1.00 0.00
CHF -30.00 0.06 25.93 1267600 0.000 -1.00 30.00 -1.00
CAF 0oo) -29.84 2693 0.002 -1.00
RWF 0.00 0.06 -1.07 0835 -1.00
Met trade for each type of sugar
cuiantity guartity [ demand| demand| demand| demand| demand| demand| demancd
trade supply [ CAraw| R raw | Clraw| RWraw| Chref| Caref| RWref.
i d +0 +ljs] | +HdCAR | +dRNR | dgdCAR | lgdRvR | dgdChiF | -lqdCAF | -lgdRiNE
CAR - -
RWR
CHF = - = = =
CAF 5 This sheet containz the equation generating equations:
and resultant equations for RYW (the Rest of the World
i = region. The structure of the equations are the same
for each region but different parameters and base
— period data generste different equstions for the 3
cauglions regions CN, CA, and RYY. Some atternative model
T gégggg:mﬁ;ﬁ;ﬁl\j‘g\;prcm“.a*m R AL zolutions are genersted by changing the parameters,
Rifipr T i =
RiprCNF 440 61 56+HRWESCF +WMprCHF~ 20701 +RACHE A 00) {::;ﬂgg :De dz?.ummns, SNarecerting and sinusting
RprCAF) 440 51 SE+RWESCAF +IWMprCAF ~ 201 +RWE CAF A 00)
REvufar R 440 61 56+0MMprRAAF . 2]
RG] 431 . 2693 RWTsRWRA(0+1 *RivvrRvWR) ™
iR 0221007 R SRRV RYWE (0 *RAA R R 11
RWidCAR 0.00557B495 RWTAC AR D+1 *RRrRVWE ) *RiNprCAR - 28 B*RrRVWR 28 B3+ (RWodRWF -RvvsRWF) ™
RAERIAT 01,507 392 RUVFRARA( 41 R FVVE 1 *RiAar C AR 372 RANprRINRA 37 *(RAGdRVE Ry sRvE) M
RS MF| 7456 .1 37 RN CNF R RrCNF - 30 RWrCAF ~ DE* R RWF "28.93
R AR 130528 B*RNTCAF *Rior CAF~-29 94*RNorRWF 28 93
|l iR 59681 D00*RVWTARMVWE "R ir CAF * DE*RWr EVWE -1 .07
RWGICAR D+0-RAGACAR
R R D+0+ R RWR-RWGdRWR
RAGHCHF 0+0-RWGACHF
RWtCAF O+0-FigadCAF
|l Evvict R 0.00000000001 75077 7+0-+Rva s R +HRWHHC AR +RWHdRVWR - R R dRYWE
-
W4 v W\ Variables fn{CA S RW Wi f Basedata / [4] |
Click [Button] to start a YORSIM operation... UM

The price equations include a transmission elasticity variable which is set to 0.2 for RW
(itis 1.0 for CN and CA). This isolates the rest of the world from economic shocks in
Canada and Central America. In this equation sheet as well as others, the total demand
elasticities, base period market shares, and elasticities of substitution that are used in
Armington formulas to calculate the own and cross price elasticities of demand.
Sources that document this procedure can be found in the References section of this
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report.

The world market clearing mechanism sheet for the SUGR model is shown below.
These equations calculate net world trade balances that result from trade equations in
countries/regions. The trade balance equations in this sheet and the trade equations in
the country/region sheets impose two key conditions on world markets. First, world net
trade is balanced insuring that exports equal imports for all types of sugar. Second, the
country region equations insure that supply equals demand in each country/region for all
types of sugar.

E3 VORSIM - SUGReqp

T 6= -
@ File Edit ‘“ew Insert Format Tools Data  ‘Window Help  Acrobat  YORSIM Tvp - .8 X
B2 i 3
WM Add Equation Parameter Matrix I Wyrite WWhi Equations Put WM Equations in Model | Calculate 1 Intercept | o |
bauma - Equation Parameter Matrices and Equations Edit Equation I Equation Bank I Symmetry I
YWorld net trade for each type of sugar (in the model, each of these markets is cleared by its own world price)

Warld net CM net| +CA net| + R net
trade trade trade trade This matrix generates the equations below which clear warld
HE CAR +CNgt]]  +CAgt)] +Rigt) markets for each of the 5 Armington products.

RWR

CNF

CAF

RWF

Equations

Wi gt CAR] -1.360023E-13+CNgtCAR+CAGLCAR +HRWGtCAR
W gt RR 2.303713E-14+CNgt RWR +CAgtRWR+HRWgtRWR
W gt CMF| O+HCM gt CMF +CAGLCMF +RW gt CHE
W gt CAF] 4. 49217IE-14+CNgt CAF +CAQ CAF HRWGtCAF
Wt ot R 2.997602 E-15+CMut RYWE +CAgtRWWE +RV gt RYWE
M4 v M Varigbles fCN A CA ZRW % WM/ Basedata / [« | v
Click [Button] ko skart a VORSIM operation... UM

In the model itself, when a tariff or another exogenous variable is changed, world trade
will be out of balance. New world prices will be calculated and feed into country/region
equations, creating new world trade balances. This process iterates to a solution with a
new set world prices (giving new prices and quantities in country/region equations) and
zero net world trade for each type of sugar. The data sheet for the equation workbook is
shown below. This data is used to calculate the intercepts of the equations when they
are written. The data here is drawn from the SUGR model data workbook where it was
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originally entered. In the case of a static model such as SUGR, this is all of data for the
model.

E2 YORSIM - SUGReqp

T o=l .
@ File Edit View Insert Format  Tools Data  Window Help  Acrobat  YORSIM = e S
Al - B
Update Basedata sheet far Madel 2000 2000 soon
SUGR CN CA RW | WM
fsCAR 1.0
fsRWR 1.0
fsCNF 1.0
IsHWE 1.0 This is the base data from the model data workbook that is used to
flCAR 1.0 1.0 1.8

intialize the SUGR equations. Gray cells indicate that formulas have
fdRWR 10 10 1.0 been used to calculate the data in the data workbook. This is done to

FACNE 10 10 10 provide a globally balanced data set for the model.
fdCAF 1.0 1.0 1.0
fdRWF 1.0 10 1.0

prCAR | 228.0| 2250 2280|2280
prRWR | Z28.0( 225.0 228.0(228.0
prCNF | 444.0] 885.0 444.0]444.0
prCAF | 474.9| 444.0 4440|4440
prRWF | 4748| B83.0 4440|4440

wCAR 0.00 0.00
wRWR 000 000

twCNF 100.00 0.00
twCAF 0.00 0.00
tvRWF 0.00{100.00

tsCAR 0.00 0.00
tsRWR 000 000

tsCNF 0.00 0.00
tsCAF | 3086 0.00
sRWF | 30.86) 0.00

qsCAR Zra.a
qsRWR 953294
qsCNF 110.0

jsRWF 272803

qdCAR 96.5|1426.8] 12591
qdRWR | 955.4 0.7] 973429
qdCNF 11758 0.2 15.8
qdCAF 4311458 276.6
qdRWF 84.5 0.4 126467 6

qtCAR -96.5)1355.2 12591 0

qtRWR | -8854| 0.7 986.5 0

qtCNF 160 02 -158 0

qtCAF -43] 2807 -276B 1]

qtRWF 845 04 84.7 1 o
M4 mD Variables foN £ Ca /RwW £ WY, Basedata / [«] [ Tl
Click [Button] to stark a YORSIM operation. .. MM

Finally, the SUGR model sheet itself is shown below. Yellow cells contain equations
while the green and red cells contain world prices (changed for a solution) and world
trade balance equations (zero when world trade is balanced), respectively.
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VORSIM - SUGRmod

47

i Ta 4 ¥ g2 %
File Edit ¥ew Insert Format Tools Data  Window Help  Acrobat i - F X
Al r A 2000
II 2000 Test Solver | Solve SUGR mo@ Save Solution | GUIT | Save Current Solution (created with Solver pull-doswn menu) : +
SUGR CcH CA RW| WM
fsCAR 1.0
fsRWR 1.0
fsCHF 1.0
fsCAF Thiz iz the actual SUGR maodel spreadshest. Yellows cells contain model equations that generate the
TsRWF ohzerved numbers. White cells contain exogenous data that can be changed to generate atternative
fICAR 10 10 solutions. Green cells contain world prices for the five Armington sugar products while the red cells
fdRWR 10 10 cortain world trade balance equations for each type of sugar. When the model zolves, the world
fdCHF 10 10 prices change to drive woarld trade for each product to zero. Changes in world prices feed through to
fACAF 1.0 1.0 countryregion prices and to country region supply and demand equations. These equstions generate
TdRWF 1.0 1.0 swarld net trade. 'When an exogenous variable is changed, the Excel solver drives the world prices to
prcAR | 2280 2280 an equilibrium where world trade iz agsin balanced.
prEWR | 225.0| 2250
| prcHF | 4440( 8330
| prcAF | 4749] 4440
prBEWF | 47449 888.0
tvCAR 0.00 0.00
twRWR 0.00) 000
twCHF 100.00 0.00
twCAF 0.00 0.00
twvRWF 0.00 ] 100.00
tsCAR 0.00 0.00
tsRWR 0.00) 000
tsCHF 0.00 0.00
tsCAF | 30.86 0.00
tsRWF [ 3086 0.00
qsCAR 27810
| qsRWR 95329.4
| qsCHF | 1100
qsCAF
(| sRWF 279503
qdCAR | 965|14255| 125941
| qIPWR | 9854 07| 973429
| qdCHF | 11759 0.2 15.8
qdCAF 4.3)1145.8 2766
(] RWF 54.5 0.4 | 126467 6
| qtCAR -96.5)13552) 12584
| qtRWR | -9854| 07 9865
qtCHF 160 -02 -15.8
| (qrCAF 43| 2807 -2766
(tRWF -54.5 -0.4 g4.7
Green Cells - varishles changed by the Solver to solve model (drive values in red cells to zero)
J|Fed cells { equation values driven to zero
o
$EF3E
$EFI9
FEF40
FEF41 =
$EF42
-
M 4« » W] Notes b Model { Current solution status / [«] S
Click [Button] bo start a YORSIM operation, .. MM

Appendix 2: Model Data and Sources
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48

Model Manager - Sugardatam

File Edit ‘“iew Insert Format Tools Data  Window Help  Acrobat  WORSIM -8 X
W2 - b3
A =] c o] E F G H | J K L I M O~
1 Sugar Data (guantties - 1000 metric tons, prices Chinetric ton) for 2000 ]
2
3 |Raw AU BR CH CR ES GT HH HC us RW Rawy Expr. h.exp.
4 Al 543 24101 30351 250
5 BR 168.0 4741 5082.0 3408
B CH 0.0 0.0 0. o.a
7 CR 44.0 66,5 148.3 81.8
g ES 65.7 81.4 160.7 63.3
] GT 233.2 646.7 975.8 3291
10 HH 3.3 57.5 69.8 122
11 HC . [ X1} ) i .2 i . i 70.6 85,2 159.1 734
12 us 0.2 .0 0.0 0.0 .0 0.0 0.0 0.0 are2.T I.1 1.8 0.2
13 BW 2.46] 0.0]  244.5] 28] 0.0 ] 0.5] [ 0.0 T93.8( T20M4.3
14 wvnProc]  1082.9] 11868.0] 00| =2237] 2678] e7os| 60|  2165] 37927[ 720443 [TOTAL sugar supply and
15 RAWITOT 100 1.00 0.00 1.0 1.00 1.00 1.00 1.00 .48 0.75 | |utilization is from USDA.
16 | RAW |Raww sugar = cane sugar FAD data was used to
17 |E.S5tk.-1 517.6 T10 32.9 30.0 2.9 95.6 98.5 104 11187 23752.2| [hreak sugar exports and
15 |Prodl. HE1.0| 1T000.0 0.0 3T0.0 430.6] 16304 304.7 363.6( 36623 TITOT.5| [imports irdo 'rawe and
19 |Imports 2.8 0.0] 10820 29 1.5 5.0 2.8 1.5 14784 B106.3| |'refined’ and USDA
20 |Exports J035.1] 50820 0.0 148.3 160.T 975.8 69.3 15981 19 10444 |production data was used
21 |Refined 1085.7| 11868.0 1082.0 226.6 269.4 675.5 263.6 218.0) 52714 80150.6( [to bresk down TOTAL US
22 |[EStocks 580.6 760.0 32.8 78.0 239 8.7 2.6 98.5 980.3[ 23371.0| |utilization takles (hold talic
23 | TOTAL 30523 S0a2.0 0 -os2a 145.4 159.2 a0 &7.0 1576 14705 -F0el9 | [numbers)into 'Raw' and
24 |EStk.-1 578.0 7T0.0 39.0 g0.0 220 96.0 29,0 TIL0 20930 317700 | {'Refined' procuction and
25 | Prod. STEL0 | TT000.0 TI0.0 370.0 4310 TEIZ0 305.0 J640 | TIT00 956T0.0 istocks (green numbers). B
26 |puports 6.0 00 11707 ae 3.0 0.0 40 30 T540.0 FAS attache reports on
27 | Expotts 3129.0 | 77000 T6.0 Te0.0 1960 1190.0 750 oL 1130 TI41.8 | |trade flovws were used to
28 | Cons. 995.0 | 92500 12640 275 236.0 680 260.0 TES0 | 93860 TO7H920 1|creste the trade matrices
29 |EStocks|  587.0] 7600 397  7ae]  240]  #o0]  730]  99.0] 17640] 29937.0] [ired numbers) for tawe snd
30 | REFINED |Refined sugat = refined bheet sugar (except Ref Rawe which iz refined cane sugar) ‘refined' sugar. The rows
3 |E.Stk.-1 .4 (1] 6.1 0.1 1 0.4 .5 0.6 594.3 B026.8| |of the matrices represent
32 |Prodl. L] (1] 110.10 0.1 .4 1.6 0.3 0.4 0478 23902.5| |exporters; the columns
33 |[Imports 3.2 0.0 88.7 0.1 1.5 5.0 1.2 1.5 1.6 3069.5| |importers. Disgonals of the
34 |Ref.Raw | 1085.7| 11868.0| 1082.0 226.6 269.4 675.5 263.6 218.0) 52714 S0150.6| [mstrices represent refining
39 |Exports 839 2618.0 5.3 349 105.1 474 |or consumpgtion of domestic
36 |Cons. 995.0]  9250.0 260.0 1850 93860 10T492.0| |zugar as opposed to
37 |EStocks 0.4 [X1] 0.4 0.5 T83.7 T560.0 | Jimported sugar. The data
38 et trade D Ned fAfD e et is consistart alaball
39 |Refined HC us BW Ref Exp. M.Exp.
40 Al 0.0 0.0 93.9 93.% o.a
41 BR 0.0 0.0 2596.2 2618.0 2158
42 CH 0.0 10.0 5.8 160 102
43 CR 0.0 0.1 1.7 1.7 o.a
44 ES 0.5 [X] 324 35.3 28
45 GT 0.5 [X] 209.6 2142 46
45 HH 0.5 0.0 2.7 5.3 26
47 HC 183.5 0.0 32.0 349 28
45 us i i 0.0 93244 4.6 105.1 205
49 BW 3.2] 0.0 .| H .0 0.0 56 1044225 Sum Rawe | Sum Ref.
a0 | Ceeen Coon 931.8 92500 11753 2149 2345 483.0 2558 183.5 93244 1044225 0.0 07 -
4 4 » w]\Quantity and price data - 2000 / |«| W
Click [Button] to start a WORSIM operation. .. LM
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The basic balance data which is behind the SUGR model is shown above. The data
began with USDA supply and utilization data which was modified (using FAO
information) to derive matrices of production, consumption, stocks and bilateral trade for
raw and refined sugar. USDA attaché reports were also used to create bilateral trade
flow information for Central American countries. Finally, to the extent possible, data
directly from Canadian sources was used whenever it was available. The
country/region definitions for the above matrix are shown below.

Ed Microsoft Excel - CARSdef

@ File Edit View Insert Format Tools  Data  Window  Help  Acrobat - F X
F& - pig
CARS <-Model |C:WVMOD! | Begin: 1995 Base:| 2000 End| 2010 =
put model | name  Drive\Directory®, Tirne Periods for Data and Model--—-----———
Sheet LT | =
AU Australia
BR Brazil
CN Canada I _l
CR Costa Rica
ES El Salvador
GT Guatemala
HN Honduras
NC Micaragua
us - United States
RW - Rest of world -
M 4 » i Definition / Variables / | <] | N
Ready Calculate TR

In order to simplify the data and modeling exercise, this data was condensed to two
versions shown below. Both versions consisted of three countries/regions; Canada,
Central America — 4 (Guatemala, Honduras, El Salvador and Nicaragua). The version
on the left is for the dynamic model SUGS which includes sugar stocks while the version
on the right (green background) is for the model SUGR used for this report.

The basic data below was entered into the SUGR data workbook (not shown but
equivalent to the Basedata sheet shown above). All quantities of sugar are measured in
terms of thousand metric tons of refined sugar equivalent. Base domestic prices are
world prices plus any documented tariffs in place. All prices are measured as Canadian
dollars per metric ton.
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Ed Model Manager - Sugardatam |Z||E|fz|

File Edit Wiew Insert Format Tools Data  Window Help  Acrobat  WORSIM - . @ X
W2 - b

Ta

Guartities are in 1000 metric tons,

The figures below are the data pices are in CHimatric ton.

ahove rearranged for the three
region dynamic SUGE model.

Defintion of model codes are all Small static data set (winout stocks - raw
cortained in the madel definition stock changes were added to production
sheet. dta) for the static SUGR model.
Importer Importer
Ry M CA Ry Fawy M CA R
CH LX) LX) LX) CH .0 .0 0.0
CA 96.5 14258 125941 CA 96.5 14253 1259.1
R 985.4 0.7 973429 R 985.5 0.7 973429
E.5th.-1 329 326.5 26178.5
Prod. 00 27T29.3 96920.83 Prod. 00| 27T81.0| 933294
Imports 1082.0 0.7 125%.0 Imports 1082.0 0.7 12591
Exports 0.0 13556 986.1 Exports 0.0 13556 586.2
Refined | 1082.0 1426.4 98602.0 Refined 1082.0( 1426.5| 93602.0
E.S5tocks 32.9 2747 24769.9

Importer Importer
Feefired CH CAh Faly Feefired CH CAh R
CN 11753 0.2 15.8 CN 11753 0.2 15.8
CA 43 114538 2766 CA 43 114538 276.6
iy 84.5 0.4 127045.6 iy 34.5 0.4 1270456
E.5tk.1 6.1 1.5 89215
Prod. 110.0 0.0 27950.3 Prod. 110.0 0.0 27950.3
Imports 33.8 0.6 292.4 Imports 3.8 0.6 292.4
Ref.Raw] 10820 1426.4 98602.0 Ref.Raw 1082.0 | 1426.5 | 23602.0
Exports 16.0 280.9 349 Exports 16.0 280.9 34.9
Cons. | 12640  1146.3 127333.0 Cons. 1264_s| 1146.2| 126759.8
E.Stocks 6.8 1.3 83441

Raw Refined

Azsumed | AU 2F237 0 44389
import BR 32429 365893
prices for | CH 25608 44389
each CR X288 44388 Thiz iz the data =et uzed for the static SUGR
country ES 22988 44389 madel. it was derived from more detailed data and
are GT 22988 44389 aggregated to the 3 region level. Since SUGR is a
shownto | HH 229388 44389 static model, stock changes (relatively small) that
the right. HC 22988 44389 exizted inthe original data had to be accounted for.
us 22826 487649 Thiz was done by added them to production data.
RW 22826 44389
=l
M 4 » W] Quantity and price data - 2000 / |« ai
Click, [Button] to start a WORSIM operation. . ]
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Appendix 3: Detailed Results of Model Scenarios

The two solutions presented in this report are shown below in summary form. The top
of each output sheet contains the base and solution values for variables along with
differences and percentage differences between solution and base values.

The next section contains the values of elasticities that were used to generate the
solutions. They are followed by a section containing the welfare calculations for the
solution. The final part of the sheet contains a plot of the welfare components and total
welfare changes for Canada, Central America, and the rest of the world.

The two solutions shown are labeled “casl” and “cash”. Both solutions were generated
by the SUGR model assuming a fairly competitive international markets (high Armington
elasticities of substitution for raw and refined sugar demand in all countries/regions =
30) and a low price transmission elasticity for the rest of the world. This latter
assumption simply means that the expected trade and other changes would take place
in Canada and Central American countries that form the free trade arrangement. Both
solutions are generated by the Canadian removal of the refined sugar tariff on imports
from the four Central American countries involved in the proposed free trade agreement.
Both solutions assume Armington demand elasticities of -1 in all regions and cane,
cane processing, and beet sugar supply elasticities of 1 in the rest of the world. In
addition, both solutions assume a high (15) cane sugar supply elasticity and a high
refining elasticity (12) in Central America. The differences between the two solutions
are:

Solution casl — Canadian supply elasticities for beet sugar supply = 1.25 and the
Canadian refining supply elasticity = 1. Canadian supply elasticities are assumed to be
moderate or normal, in line with those in the rest of the world.

Solution cash — Canadian supply elasticities for beet sugar supply = 15 and the
Canadian refining supply elasticity = 12. These high elasticities are at the level set for
the Central American countries and reflect the idea that small margin changes in beet
and cane processing, driven by a tariff reduction on imports from Central America, could
cause major reductions in the quantity of Canadian sugar beet production and refined
sugar processing.
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52

Model Manager. - casl

@ File Edit \Miew Insert Format  Tools Data wWindow  Help Acrobat  YORSIM

qsRWF

279503

279504

-0 x
A2 - 5
SUGH __ EasesolutionMame: base Alternative solution: - casl =
I a2 Ch removal of CA refined sugar tariff - BYW te. = 2 - normal Ch supply elasticities =]

Erices CN CA RW CHN CA RW CHN CA RW CHN cA RW

prCAR 2280 Z222.0 Z220 2280 2220 2220 0.04 0.04 0.00 0.02 0.0z 0.00

prRWR 2280 2280 2280 2278 22re 2280 FE] LFE] 0.00 -0.10 -1 0.00

prCMF 444.0 2350 4440 4438 2372 4440 -040 -0.&0 0.00 -0.03 -0.08 0.00

prCAF 4749 440 4440 4533 443 4440 -2153 033 0.00 453 0.0g 0.00

prRwF 4744 2880 4440 4744 287.0 4440 -0L50 -1 0.00 -0 -1 0.00
Supply RW RW CA RW

q=CAaR

qsPWR

qsCHF

qsCAaF

7

104.2

.

983289

File Edit Wiew Insert Format  Tools Data  Window Help  Acrobat  YORSIM -8 X
A2 - F

SUGR  Baze zolution Mame: base Alternative solution: cash i f—1

L CM rermiowal of A refined sugar tariff - B te, = .2 - high TR supply elasticities =]
Brices CN CA RW CN CA CN CA CN CA BW
piCAR 2280 2280 2280 2281 2281 2280 010 010 0.00 0.04 004 0.00
prEwR 2280 2280 2230 22T R 22T 2280 -0.41 -4 0.00 013 -0.18 0.00
prCMF 4440 2220 4440 4429 2874 4440 -4 -0.09 0.00 -0 -0 0.00
prCAF 47449 4440 4440 1447 1447 4440 -30.1E 0.70 0.00 -6.35 0.16 0.00
prRwF 47449 8880 444.0 4747 9876 444.0 023 -0.45 0.00 -0.05 .05 0.00

CN Ch Rw CN CA RWw RWw

Demand CN CA RW CN CA RW CN CA AW CN CA RW
AR a64]  WEE0]  125Ad E BT 2421 0.2 EE 170 0.0
qdRW R 985.8 07| arszs 9E4E 03] 9rH3E 121 0.06 059 012 283 0.00
qdCHF 1762 0.z 158 1E77 0.z 1558 243 0.0t 0.00 072 4398 0.00
qdCAF 43| 1458 mEE 04| 1433 ITEE 2614 185 EE] EOE.7TR 006 001
qdRwF B4 0.4 1Z64ETE 547 04| 1764677 036 0.0% 01z [EH [ 0.00
Tatals CN CA RW CN CA RW CN CA RW CH CA RV
Refined [ 10821]  M267] @se0zn] [ wr4s]  w60a] asenzs| | 7ea[  2aE| 043 | -0.70] 170] 0.00]
JConsumed  izeds]  de4| izevenn| [ 12sza| 46| feerend] [ taor] A o] | 143 -0.18] 0.00]

Summary of keyinformation for the welfare calculations. The full set of elasticities and generating equations are given on the CA, CA, and R sheets.

YELFARE CHANGES LCanada LCentral America Best of World
Million C% Components Total Components Total Components Total
Cane grower income 2.4 010
Cane refiner inGome -1.40 -0.01 0.0
Giowk. tariff revenue 013
Eeet growing, refining income 013 o
Fient to CA refiners 03z
Consumer savings 0.55 -0.a0 0.00
TOTAL WELFARE CHANGE -1.66 225 -0.07
The Fullset of elarticitior ar el ar
CUT L S (L e SR Canada Central America Rest of World
haunon the shaokr CH, 8, 4.
¥ Estimated Annual
— Welfare Changes
3 -—l ElilionlC$ from Canadian
Removal of Tariff on 4
s Refined Sugar
1 Imports from Central
. = W TOTAL WELFARE CHARGH
-1 m Consumer savings
B FRent to CA refiners
-2 =
B Eeet growing, refining incomsg
-2 .
O Gowt, taniff revenue
R g & PR
& AT & A0 & 4T O Cane refiner income
"” f‘” fqﬂ il
& & & Bl Cane grower income —
-
o4 v MO S CA SR Results f Movelst / | 4] | oI

Click [Button] to skart a YORSIM operation, ..
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Mechanically the second solution cash was obtained by changing the Canadian supply
elasticities to higher values, re-writing the model equations, re-assembling the model,
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simulating the tariff removal, and saving the results. Indicators are added to the saved
results and they are called into a report writer which compares results with the base
situation (no tariff change) and which generates the welfare calculations.

Components of the welfare calculations: Cane and beet sugar growers’ income is the
change in producer surplus for these sectors. Canada loses tariff revenue when
removing the tariff on refined sugar imports from Central America but the Central
American countries gain a rent from being able to sell refined sugar into the Canadian
market without a tariff. This occurs because a tariff is still charged on refined sugar
imports from the rest of the world. Consumer savings is the change in consumer
surplus for refined sugar. Because the SUGR Armington model contains three types of
refined sugar by origin (CN, CA and RW), separate consumer surplus calculations are
made for each type of sugar and the results are aggregated.

The SUGR model does have the facility to specify that producers select a weighted
average of prices from various sources. If, for example, this is done for Canada and
heavy weights are given to the tariff free price of refined sugar imported from Central
America, the cutbacks in supply are more dramatic for Canada than those shown in the
scenarios in this paper. However, the logic of the Armington model would be undercut
by this procedure, invalidated welfare calculations among other problems.

There is one situation in which larger impacts might be obtained. If one were to assume
that the existing Canadian tariff allowed a non-competitive situation to exist among
Canadian sugar beet producers and sugar cane processors, then such a situation might
be effectively modeled by adding the price equivalent associated with non-competitive
pricing to the tariff when the model was initialized. Then the reduction in the tariff plus
the non-competitive pricing component would have a greater impact all around including
a greater impact on economic welfare. Unfortunately while there is some discussion of
the competitiveness of Canadian producers and processors, there is no available
measure associated with a non-competitive situation.

Finally, the figure below explains the methodology behind the producer and consumer
calculations shown in the solution sheets. These calculations allow for shifts in supply
and demand schedules as well as changes in prices and quantities. The formulas used
are approximations and are only accurate for linear supply schedules that pass through
the origin and linear demand schedules. However they are reasonable approximations
for constant elasticity supply and demand schedules which are very convenient for a
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modeling format.

E3 Microsoft Excel - Surplus.

File Edit Wew Insert Format Tools Data  MWindow Help  Acrobat  WORPLOT -8 X
Price Calculation of the Estimated CHANGE in Producer Surplus for a Linear Supply Equation [

Passing Near the Origin or for a Constant Elasticity Supply Equation

S = Original supply equation: P and Q are the equilibrium price and quantity supplied at that price,
respectively. The producer surplus is the triangular area |P-a-o| which = (P x Q) / 2. Consumer surplus E
is the rent received by producers after meeting production costs (area under the supply schedule).

S'= New supply equation: P'and Q' are the new equilibrium price and quantity produced,
respectively. The new producer surplus is the triangular area |P'-b-o|. This area= (P'x Q") /2.

The change in producer surplus (new supply schedule versus the original
supply schedule)is [[P'x Q") /2] -[(Px Q) /2]=05 x [(P'x Q") -{P x @)]. *

"' in these equations represents the multiplication sign

If the schedules are non-linear or do not pass through the origin, precise
calculations would require the mathematical specification of the supply schedules.
However considering typical data and elasticity uncertainties, this estimating
formula is often adequate, given lest cl in prices and gquantities.

Simple Convenient Formula for
the Estimated Change in Producer
Surplus = 0.5 x [(P'x Q') - (P x Q}].
This estimate involves only
knowing the original and new
prices and quantities.

.
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If one wants an exact producer or consumer surplus calculation with anything other than
the linear schedules shown here, the actual mathematical specification for the equation
would have to be used. However for most purposes, these approximations are
adequate. They have the advantage that they require only base and alternative prices
and quantities and in the case of consumer surplus, the elasticity of demand.
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Calculation of the Estimated CHANGE in Consumer Surplus for a Linear Demand Equation or
for a Constant Elasticity Demand Equation Near a Point Where the Demand Elasticity is E,

D = Original demand schedule: P and Q are the equilibrium price and quantity demanded, respectively. The
consumer surplus is the triangular area |P-a-b)|.

D'= New demand schedule: P'and Q' are the equilibrium price and quantity demanded, respectively.
The new consumer surplus is the triangular area |P'-c-d|. Under the new demand schedule, the price
has dropped and the demand schedule has also shifted to the right.

The change in consumer surplus is the area |P'-P-e-d|. In terms of prices and quantities, it can represented by
the area |P-P-f-d| minus the area |e-f-d|. Area |P'-P-f-d| can be calculated as (P -P') x Q'. But area |e-f-d| = area |e-
g-d|. Assuming E; (negative) is the demand elasticity at point d, the length <g-d> can be calculated as: Eqx Q' x
(P -P')/P. The area |e-g-d| (= area |e-f-d|) is therefore: 0.5 x (P -P')*Ey x Q"x (P -P') /P' (where a negative Ey4
gives it a negative sign). Therefore consumer surplus = area |P'-P-f-D| minus area |e-f-d|=(P -P) x Q'+ 0.5 x (P -
P)*Eqx @ x{P-P)/P'=(P-P)xQ'x[1+05xEyx(P-P')/P7] (the negative sign of E; means that area |e-f-d| is
subtracted from area |P'-P-f-d|}). The change in ¢consumer surplus is the savings to the consumer from
purchasing more at a lower price.

Since the approximation assumes linear schedules,

IE _______________________ ugld AR AR AR N S — the amount subtracted should be limited so that <g-d>
| does not exceed <P'-d> - which occurs if the |e-f-d|

area calculation is greater than 0.5 of area |P-P-f-d|.

This and a similar limitation if the supply curve shifts

' EI to the left, yields the final estimating formula below.

This method the d
schedules are approximately linear in
the region of interest. Exact

calc for other schedul
require the mathematical
specification of the demand
schedule. Note that if there was no
shift inthe demand schedule, a
simpler formula could be used which
does not need the demand elasticity.
In this latter case, consumer surplus
=(P-P)x[Q+0.5x(n- 0} where q
is the new quantity purchased.

Simple Convenient Formula for the Estimated Change in Consumer
Surplus = (P -P') x Q" x [1 + MAX(-0.5, MIN{0.5, 0.5 x E; x (P - P"} / P))].
This estimate involves only knowing the original and new prices and
quantities and the (negative) demand elasticity.

Q@ \\
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The consumer surplus calculations are more complicated since they account for
possible shifts in the demand schedule (i.e. cross price effects, etc.). If the demand
schedule does not shift, the simpler formula in the lower left part of the diagram can be

used. It does not require knowledge of the demand elasticity at the base or alternative
quantity or price.
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