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ABSTRACT

Canada plays a major role in the global forest industry, accounting for 15% and
30% of the global production and export of forest products respectively. The forest
industry also accounts for nearly 3% of Canada’s GNP. Various global factors may
affect the Canadian forest industry and domestic economy in the future including: tariff
and nontariff trade barriers; trade agreements; fluctuating exchange rates; alternative
sources of fibre; and stricter environmental regulations.

The model used to analyze the impacts of these global factors on the Canadian
forest industry is a short run, inter-sectoral, inter-regional model specified in the
proportional rate of change format. The Canadian forest industry is divided into five
regicws and five sectors. Canada is treated as an excess supplier of lumber, wood pulp,
newspiint, and other paper products. Regional productionis destined for the US, Japan,
and the European Community (EC) which are treated as excess demand regions. Final
derencds for forest products are modeled using Armington equations which assume
this: ioducts distinguished only by place of origin are imperfect substitutes. Primary
angt inrrmediate inputs are also modeled as imperfect substitutes. Multiple output
industrics are modeled using constant elasticity of transformation (CET) functions with
individual output supply functions based on input and output prices. A system of linear
equations is obtained which is solved by matrix inversion and multiplication.

Six global factors are analyzed with respect to their impact on the Canadian forest
industry. First, import tariff reductions result in an increase in the export of Canadian
forest products. Second, implementing new nontariff barriers such as export taxes

negatively affects the Canadian forest industry. Third, exchange rate devaluations cause

iv
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exports of Canadian forest products to increase. Fourth, an increase in the supply of
recycled paper negatively affects the pulping sector, Lut positively atfects the newsprint
and other paper sectors. Fifth, an increase in the supply of plantation fibre has small
impacts on the Canadian forest industry. Sixth, stricter environmental regulations

increase input costs and decrease the production and export of forest products.
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CHAPTER 1: INTRODUCTION AND PROBLEM IDENTIFICATION

Introduction

Canada’s forest industry is important to the Canadian economy and to the global
forest industry. Exports of forest products account for nearly 3% of Canada’s GNP,
and for more than 10% of Canada’s total expost value. The major export commodities
of the industry are lumber, wood pulp, and newsprint. Within the Canadian forest
industry, the pulp and paper sector accounted for 70% of the total value of production
(TVP) of forest products in 1987. Woodbridge Reed and Associates (WRA) predict
that this share of TVP will increase to 76% by 2010 (WRA 1988). The pulp and paper
sector is also important to other sectors of the Canadian forest industry, notably the
logging and sawmilling sectors. Pulp wood and pulp chips from the Canadian logging
and sawmilling sectors are primarily consumed in the Canadian pulping sector. Thus,
economic activity in the Canadian pulp and paper sector has a significant influence on
the Canadian economy and on other sectors of the forest industry. Canada’s forest
industry also plays an important role in the gichal forest industry. Canada is the single
largest exporter of forest products in the world accounting for nearly one in every four

dollars earned from the global trade of forest products (WRA 1988).
Problem Identification and Objectives

Given the importance of forest product exports to the Canadian economy, it is
important to have an analytical framework that allows one to understand the factors
that regulate Canada’s competitiveness in international markets. There are a number
of factors that regulate economic activity in the Canadian forest industry including

economical, political, environmental, and social/cultural factors. These may either be
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domestic or foreign in origin. Relevant factors that regulate economic activity in the
Canadian forest industry include: 1) trade barriers and trade agreements; 2) exchange
rate fluctuations; 3) alternative sources of wood pulp; and 4) stricter environmental
regulations. Given the importance of the Canadian forest industry, it is essential to
know which factors will have large impacts on the industry, and what the magnitude of
these impacts will be. This knowledge can be used in the development of government
policy pertaining to the industry. The problem is to identify: 1) which factors have large
impacts on the Canadian forest industry; 2) the magnitude of these impacts; and 3) the
relative importance of each factor with respect to the Canadian forest industry.
This study has two objectives. The first is to identify/select those factors which may
have a large impact on the Canadian forest industry. This is done through a review of
- the literature which examines the Canadian forest industry. The second is to quantity
the actualimpact that selected factors have on the Canadian forest industry and indicate
the relative importance of each factor. This is done through the development of a
quantitative model of the Canadian forest industry that simulates the impacts of each

tactor on the industry.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER 2: LITERATURE REVIEW ON THE CANADIAN FOREST INDUSTRY

Introduction

The objectives of this literature review are: 1) to examine the domestic and global
context within which the Canadian forest industry operates; and 2) to identity those
factors which may have the greatest impact on economic activity in the Canadian forest
industry. In order to develop a suitable framework (model) to quantify the impacts that
selected factors have on the forest industry, it is necessary to understand the domestic
and global context within which the industry operates. The domestic context includes
the contribution that the forest industry has to the Canadian economy, and the
production structure of each regional forest industry. The global context of the
Canadian forest industry includes Camnada’s trade (import and export) of forest

products.
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Domestic Context of the Canadian Forest Industry

Table 2.1: Value of Canadian Production and Exports of Forest Products in 1986

($US).
Production Exports

Product $US million % $US million %
Lumber 5019 16 3505 29
Wood Pulp 8353 26 2932 24
Newsprint 4410 14 4079 34
Other Paper Products 2611 9 950 8
Other Wood Products 11162 35 578 5
TOTAL 31554 100 12044 100

Source: F40, Yearbook of Forest Statistics 1986.

The Canadian forest industry plays an important role in the Canadian economy.
In 1986, Canada’s value of production for softwood lumber (hereafter lumber), wood
pulp, newsprint, other paper products (all paper products excluding newsprint), and
other wood products was over $US 30 billion (See Table 2.1 ). Exports of these torest
products contributed over $US 12 billion (or 2.5%) to Canada’s GNP, and accounted
for over 10% of the total value of all Canadian exports (Canadian Pulp and Pa, .r
Association (CPPA) 1989). Pulp and paper products account for nearly 70% ($US 8
billion) of Canada’s forest product exports. The value of production for other wood
products ($US 11 billion) is derived primarily from the consumption of intermediate
solid wood products (i.e. pulp wood and pulp chips) by the Canadian pulp and paper
sector. That is, the pulp wood and pulp chips produced by the domestic logging and
sawmilling sectors are primarily consumed by the Canadian pulp and paper sector.

Relatively small quantities of pulp wood and/or pulp chips are exported.
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Production Structure of the Canadian Forest Industry

Regional Forest Resources

Differences between the production structure of each regional torest industry arise
primarily from differences in the piece size (sawlogs vs. pulp wood) and species
composition (softwood vs. hardwood) of each regions’ forest resource. For example,
BChas softwood forests within which most of the timber s of sawlogsize. Thus, softwood
lumber and softwood bleached kraft pulp are the primacy outputs of the BC forest
industry. Sawlogs are processed by the BC sawmilling sector to produce lumber and
pulp chips. The lumber is exported while the pulp chips are used by the BC pulping
sector.

The Prairies have forests which contain twice as much softwood timber as hardwood
timber (primarily trembling aspen (Populus tremuloides) and balsam poplar (Popt.lus
balsamifera)). Present utilization of the hardwood timber is small, although there is
great potential to utilize this hardwood timber to produce mechanical wood pulss and
papers. Most of the timber is of pulp wood size and is used directly by the palping
sector. Softwood bleached kraft pulp is the primary output from the Prairies foresi
industry.
| The forests in the Central region also contain twice as much softwood timber as
hardwood timber, although there is a much larger variety of hardwood species. More
of the hardwood timber is utilized in the Central region to produce wood pulps and
solid wood products. Timber is equally divided in size between sawlogs and pulp wood.
As a result, the sawmilling, pulping, and paper sectors play equally important roles in

the Central forest industry which produces a wide variety of forest products.
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Three quarters of the timber in Atlantic Canada is classified as pulp wood. One
third of the timber is hardwood, although less than half of the hardwood timber is
utilized. Given the limited availability of sawlogs, the Atlantic sawmilling sector is small.
Thus, softwood pulps are the primary outputs of the Atlantic forest industry.

In summary, Canada’s forests contain a mixture of softwood and hardwood timber.
However, only a small portion of the available hardwood timber is utilized. Increased
utilization of the available hardwocd timber will be accompanied by an increase in the
size and importance of the pulp and paper sector. This sector will be the primary user
of hardwood timber in the production of selected grades of wood pulp and paper
products. With respect to timber size, regional sawmilling sectors are larger in those
regions which have more sawlogs. In conjunction, the pulp chips produced by the

sawmilling sector are used by the pulping sector of the same region.

Table 2.2: Canadian Forest Industry Input Shares in 1986.

Input Shares (%)
Industry Primary Inputs* Commodity Inputs
Logging 44 56
Sawmilling 46 54
Pulping 52 48
Newsprint 64 36
Other Paper 53 47

* Note: Primaxg inputs include labor, capital, and energy.
Sources: 1986 Statistics Canada Annuals 25-201, 35-250B, and 36-250B.
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Table 2.3: Regional Logging and Sawmilling Output Shares in 1986.

Industry/Region Output Shares (%)
Logging Pulp wood Sawlogs
BC Coast 95 5

1 BC Interior 93 7
Central 39 61

1 Sawmilling Lumber Pulp chips
BC Coast 92 8

BC Interior 91 9
Central 75 25

Source: 1986 Statistics Canada Annuals 25-201, and 35-250.

Regional Forest Industry Input/Output Mixes

Input mixes vary across regions for a given forest sector and between forest sectors
within a given region. Differences in input mixes across regions can be attributed to
differences in regional forest resources. For example, pulp wood is the main commodity
input used by the Prairies and Atlantic pulping sectors while pulp chips is the main
commodity input used by the BC pulping sector. The Central pulping sector uses equal
amounts of pulp wood and pulp chips. As noted above, this relates to the quantity of
sawlogs growing in the forests of each region. Small quantities of pulp chips are used
in the Prairies or Atlantic pulping sectors because they have small sawmilling sectors.
Input mixes also vary across forest sectors due to different production technologies.
For example, the logging and sawmilling sectors spend a greater share of their input
costs on commodity inputs (56% and 54% respectively) than does the pulp and paper

sector (36% to 48%) (See Table 2.2). Each regional newsprint sector spends a greater
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share of its commodity input costs on wood pulp (92%) than does the regional other
paper sector (75%). Considerable variation is also evident in the output mixes of the

logging and sawmilling sectors of BC and Central Canada (See Table 2.2).
Regional Production of Forest Products

Based on production, nearly half of Canada’s entire forest industry is located in
Central Canada (See Table 2.4). The Central region produces the most lumber, wood
pulp, newsprint, and other paper products of all the Canadian regions. However, many
of the Central region’s wood pulp and newsprint mills are old and technologically
obsolete (WRA 1988). The BC coast region has the second largest regional forest
industry, producing 15% of Canada’s entire forest industry output. Although the BC
interior region produces a:::i exports significant amounts of lumber and wood pulp, it
only has relatively small newsprint and other paper sectors. In contrast, the Prairies
and Atlantic regions have relatively small sawmilling sectors. These two regions
primarily produce wood pulp, although they also produce lesser amounts of newsprint

and other paper products.
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Table 2.4: Regional Production of Forest Products in 1986.

Lumber Wood Pulp Newsprint Other Paper
,000 m3 % of ,000 MT % of ,000 MT % of ,000 MT % of
Canada |_Canada ___| Canada Canada
BC Coast 8925 16 2792 13 1504 16 1097 18
BC Interior 22542 42 3553 16 0 0 0 0
Prairies NA 0 1064 5 163 2 130 2
Central 22696 42 11112 51 6058 65 4473 75
Atlantic NA 0 3191 15 1564 17 270 5
Total 54163 100 21712 100 9289 100 5970 100

NA: not applicable. m3: cubic meters. MT: metric tonne.
Sources: 1986 Statistics Canada Annuals 35-002, 35-003; CPPA Reference Tables 1986.

Table 2.5: Canadian Exports of Forest Products by Destination in 1986.

) | Lumber Wood Pul Newsprint Other Paper
Export ,000m3| %of | %of [,000MT| % of { % of |,000MT| % of | %of {,000MT| % of | % of
Destination CE | CC CE | £C , CE | CC. CE | CC

e —— =i
us 32920 87 30 3669 48 7 7055 82 d6 1415 65 3
Japan 2168 6 7 1000 13 9 166 2 6 79 4 1
E 2085 6 } 5 2024 27 12 432 5 8 352 16 1
ROW 653 1 | NA 929 12 | NA 938 11 | NA 326 15 | NA
Total 37826 | 100 | NA | 7622 | 100 | NA 8591 | 100 | NA 2172 | 100 | NA

CE: Canadian exports. CC: importing countries consumption. ROW: rest of world.
Source: FAO Yearbook of Forest Statistics 1986.
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Future Structure of the Canadian Forest Industry

Over the next two decades, it is expected that three major trends will change the
structure of the Canadian forest industry. First, the Canadian pulp and paper sector is
expected to shift production to higher value added products. This includes selected
grades of mechanically based paper products produced from hardwood timber (Wiewel
1988; WRA 1988). As evidence of this trend, several mechanical wood pulp mills and
world class white paper mills are presently vnder construction in Canada (Wiewel 1988).
Second, the forest industry is expected to become more integrated. Economic pressure
will force the pulp and paper sector and the solid wood products sector to integrate to
reduce costs and increase efficiency (Aurell and Poyry 1988; WRA 1988). Third,
ownership of pulp and paper mills is expected to become more concentrated and more
international (Aurell and Poyry 1988). For example, Noranda Inc. owns a major share
of the Royal Dutch Papermills (KNP) in the Netherlands. Also, Japanese firms are

interested in buying new and existing wood pulp mills worldwide.
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Global Context of the Canadian Forest Industry

Historical Trade Patterns

In the early 1900’s, Canada’s forest industry primarily served the domestic market.
By the 1920’s, Canada’s forest industry had become a major exporter of forest products
to the US. Two factors caused this change in the Canadian forest industry. First,
provincial legislation was implemented to prohibit the export of unmanufactured pulp
wood cut on Crown land (Uhler et al. 1987). The prohibition of pulp wood exports led
to US investment in the Canadian forest industry. New sawmills and wood pulp mills
were constructed. Second, the US government eliminated import tariffs levied against
Canadian wood pulp and newsprint. This allowed greater penetration of the US market
by Canadian producers and consequently led to an expansion in the Canadian wood
pulp and newsprint sectors. On the other hand, the Canadian other paper sector did
not have an opportunity to expand since the US import tariffs levied against Canadian
other paper productsremained intact. The Canadian forest industry is presently a major
producer and exporter of lumber, wood pulp, and newsprint, and a minor producer of

other paper products destined for the domestic market (Uhler et al. 1987).
Present Trade Patterns

Today, Canada plays a major role in the global forest industry, especially in the
export of lumber, wood pulp, and newsprint. This position has not changed significantly
over the last decade (See Tables 2.6 and 2.7). In 1976, Canada accounted for 11% of
the global production of lumber, and 40% of the global export of lumber. By 1986,
Canada’s lumber production had increased by nearly 20 million cubic meters, increasing

its share of total world production to 15%. Exports of Canad:an lumber increased by
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15 million cubic meters, increasing Canada’s share of total world exports to 51%.
Between 1976 and 1986, Canadian production of wood pulp increased by 4 million
tonnes while exports of wood pulp grew by 3 million tonnes. During the same period,
Canada’s share of global wood pulp production dropped from 16% to 15% while
Canada’s share of global wood pulp exports dropped from 36% to 33%.

Although wood pulp is a major export commodity making up some 40% of Canada’s
pulp and paper exports, over 65% of Canada’s wood pulp production is consumed
domestically to produce newsprintand other paper products (Uhleretzl. 1987). Canada
accounted for 32% of global newsprint production in 1986, down from 37% in 1976.
Similarly, Canada’s share of global newsprint exports dropped from 68% in 1976 to
61% in 1986. Canadian newsprint production and exports increased by over 1 million
tonnes between 1976 and 1986. Canada’s other paper production and export volumes
also increased between 1976 and 1986, aithough Canada’s position in the global market
for other paper products remained the same. Between 1976 and 1986, domestic
consumption of lumber, wood pulp, and other paper products increased while domestic

consumption of newsprint declined (See Tables 2.6 and 2.7).
Future Trade Patterns

Canada is expected to continue playing an important role in the giebal forest
industry. However, Canada is expected to shift its emphasis to higher vat2 added
products (i.e. other paper products) (Wiewel 1988). The Canadian other ;::per sector
has excellent long term export opportunities with its inherent competitivé: advantage
(Aurell and Poyry 1988). In response to increasing foreign demand for Canadian other
paper products, domestic wood pulp production should increase and/or wood pulp

exports should decrease. Production and exports of newsprint are projected to grow
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steadily into the next century with the production of newsprint using increasing amounts
of recycled wastepaper. In general, the outlook for the production and export of pulp
and paper products is very good. In contrast, the outiook for the production and export
of solid wood products (primarily lumber) is not so good. Increasing competition for
scarcer supplies of timber may negatively affect the sawmilling sector. Domestic and
export demand for lumber is projected to grow at a slower rate than for pulp and paper

products through to 2010 (WRA 1988).

Spatial Trade Patterns

Canada’s primary export markets for forest products are the US, Japan, and the
European Community (EC). In 1986, 87% of Canada’s lumber exports were to the US,
making up 30% of total US consumpwon. The Japanese and the EC markets each
received 6% of Canada’s total lumber exports, making up 7% and 5% of domestic
consumption respectively (See Table 2.5). Global trade in wood pulp is heavily
concentrated in North America, Japan, and Europe. In fact, these regions accounted
for close to 90% of global wood pulp imports in 1984 (Jegr 1985). In 1986, 88% of
Canada’s wood pulp exports were destined for these three markets. Canadian wood
pulp made up 7% of total US consumption, 9% of total Japanese consumption, and

12% of total EC consumption (See Table 2.5).
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Table 2.6: Canadian Production and Trade of Forest Products in 1976.

Lumber Wood Pulp Newsprint Other Paper
,000 m3 % of ,000 MT % of ,000 MT % of ,000 MT % of
35463 11 17688 16 | 8062 37 3729 3
1048 2 84 1 0 0 554 4
22634 40 6115 36 6997 68 1069 6
13877 NA 11657 NA 10635 NA 3214 NA
NA: not agplicablc. m3: cubic meter. MT: metric tonne.
Source: FAQ Yearbook of Forest Statistics 1976.
Table 2.7: Canadian Production and Trade of Forest Products in 1986.
I Lumber Wood P‘ixlp Newsprint Other Paper
,000 m3 % of ,000 MT % of ,000 MT % of ,000 MT % of
. world world world world
Production (P) 15 21712 15 9289 32 5970 3
Imports (1 1 267 1 0 0 629 2
Exports 30 51 7622 33 8591 61 2172 7
Domestic Consumption NA 14357 NA 698 NA 4427 NA

Source: FAO Yearbook of Forest Statistics 1986.

14!



15

Canada exported 8.5 million tonnes of newsprint in 1986. 82% of these exports
were to the US. Only 2% and 5% of Canada’s newsprint exports reached the
Japanese and EC markets respectively. Canadian newsprint made up 56% of total
US consumption, 6% of total Japanese consumption, and 8% of total EC
consumption. As discussed earlier, Canada plays a minor role in supplying the US,
Japan, and EC with other paper products (3%, 1%, and 1% of domestic consumption
respectively).

Tt 'S will continue to be Canada’s major export market tor all torest products
in the future (WRA 1988). It is expected that pulp and paper exports to the US,
especially of other paper products, will grow at a much faster rate than for lumber
exports (WRA 1988). The US market will grow fastest in absolute terms, while exports
to the Japanese and Pacific Rim countries will grow faster in relative terms, especially
for western producers (WRA 1988). Future exports of pulp and paper products to
Japan are expected to depend heavily on three things: 1) how much pulp chips Japan
imports; 2) how much the Japanese invest in overseas pulp mills; and 3) to what extent
recycled wastepaper replaces wood pulp in Japanese production of paper products
(Kawake 1988). Similarly pulp and paper exports to the EC are expected to depend
on the extent to which timber use is decreased through: 1) small scale
7 =1the: mo-mechanical pulp (CTMP) mills; 2j:ccycled wastepaper separation units;
>, ~tion of plantation eucalyptus pulp for Canadian softwood pulp; and 4)
the . -nt of the Organosolv pulping process in as much as its claims of
envivs  tal safety and small scale are valid (De Korver 1989). However,
consumption of puip and paper products in the EC is expected to grow faster than

production (Clark 1988).
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Factors Regulating the Canadiar: Forest Industry

Five major issues dominate the literature concerning the present and future ot the
Canadian forest industry. These five factors include: 1) trade barriers, both tariff and
nontariff barriers (NTB'’s); 2) trade agreements such as the Canada/US Free Trade
Agreement (FT A); 3) exchange raie fluctuations, especially in the Canada/US exchange
rate; 4) the availability of substitute fibre sources for Canada’s wood pulp such as
recycled wastepaper and plantation eucalyptus; and 5) stricter environmental
regulations specifically limiting the allowable pollution/effluent levels of the pulping

sector.
Trade Barriers
i. Impon Tariffs

Import tariffs can play an important role in regulating the trade of forest products.
In Canada, the US, Japan, and the EC, import tariffs are larger for higher value added
forest products (i.e. tariff escalation) (See Table 2.8). For example, other paper
products face higher import tariffs than the lower value added products such as wood
pulp and newsprint. Traditionally, these higher tariffs on other paper products have
been designed to protect their respective domestic industries. Import tariffs on other
paper products may not be important today, however, they affect the paper grades in
which Canada is competitive and may restrict Canada’s market potential in the future
(WRA 1988). In addition to these general import tariffs, the US has also imposed a

temporary 35% import tariff on Canadian wood shakes and shingles.
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Table 2.8: Import Tariff Rates (% ad valorem) on Forest Products Imposed by
Canada, the US, Japan, and the EC in 1986.

COUNTRY
PRODUCT CANADA US JAPAN EEC
Wood Pulp 0 0 2.2 0
Newsprint 0 0 3.1 5.4
Other Papers 9.2 4.2 *5.1 3.0

Source: GATT Publication MTN.GNG/NG3/W/15 1988.
*Note: This is an weighted average (See Appendix 4).

ii. Nontariff Barriers

Import tariffs tend to be the most visiole barriers to trade, but are usually not the
most troublesome barriers (Meister 1988). Meister discusses Japanese ’'invisible’ or
’systemic’ nontariff barriers (NTB’s) which are rooted in Japanese business practices
and cultural affinities and favor domestic paper products over imports. Three relevant
NTB’s affect Canada’s trade in forest products. First, Canada imposed a 15% export
tax on softwood lumber exported to the US. This was done in response to complaints
by the US lumber producers that the Canadian stumpage pricing system provides unfair
subsidies to the Canadian sawmilling sector. The alternative to this 15% export tax was
a US 15% countervailing duty collected by the US treasury (Percy and Constantino
1987). Second, the EC imposes a 600 000 tonne per year (tpy) quota on imports of
waterlined newsprint. This may limit future Canadian access to the EC market. Third,
Japan imposes technical standards and barriers regarding the fire safety and structural
characteristics of solid wood products (i.e. lumber, plywood, and particle board)

(Laschinger, 1990).
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Trade Agreements

Those trade agreements which directly involve Canada, such as the Canada/US
Free Trade Agreement (FTA), are designed to eliminate the trade barriers discussed
above, and to prevent future trade disputes. Those trade agreements which do not
directly involve Canada, but have a negative effect on the Canadian forest industry can
be seen as a class of NTB’s. An example of such an agreement is the EC’s trade
agreement with European Free Trade Association (EFTA) which gives the EFTA tariff

free access to the EC’s market with respect to all forest products.
i. Canada/US Free Trade Agreement

The Canada/US Free Trade Agreement (FTA) calls for the elimination of all
import tariffs on forest products on both sides of the border over a five year period
(WRA 1988). In essence, the FTA will lead to the elimination of Canada’s 9.2% and
the US’s 4.2% import tariffs levied against other paper products. In addition, the FTA
also provides a framework within which trade disputes may be settled, such as those
disputes for the export of Canadian lumber, wood shakes, and shingles. The impact of
this agreement appears to be beneficial to the vast majority of participants in the forest
industry. Ineffect, it provides an opportunity for the Canadian forest industry to achieve
a substantial boost to its exports by focusing on the market opportunities in the US.
Removal of imports tariffs will probably be of only limited impact, mostly beneficial,
although there is some threat to small scale, high cost producers. Removal of other
impediments to market access will probably be of greater importance to the Canadian

industry (WRA 1988).
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ii. Integrated Europe 1992

The integration of Europe planned for 1992 which will remove the internal trade
barriers between present EC member countries may have a positive impact on Canada's
trade withthe EC. The prospect of a unified EC market should facilitate the distribution
of Canadian forest products in the EC market. This integration will be of considerable
importance to eastern Canadian suppliers. Focusing on the scheduled unification of
EC trade policies in 1992 should receive high priority for Canada in trade discussions

(WRA, 1988).
Exchange Rates

Exchange rates do, and will continue to, play an important role in determining
Canada’s competitive position (WRA 1988). As evidence of this, major changes in
currency exchange rates, particularly against the US and Canadian dollars since mid
1985, have improved Canada’s competitive position in the global market for pulp and
paper products with respect to Nordic producers (Slinn 1988). A recent strengthening
in the Canadian dollar has hurt exports of wood pulp and newsprint to the US (Pulp
and Paper 1990). In applied work, Muller (1978) found less than unit elasticities for
prices and quantities in the Canadian pulp and paper industry with respect to changes
in the Canada/US exchange rate. More changes in Canada’s exchange rate may further

alter Canada’s competitive position with respect to forest products.
Alternative Fibre Sources
i. Plantation Fibre

Increasing competition from Brazilian eucalyptus and Chilean pine plantations is

expected to continue into the future (WRA 1988). Eucalyptus pulp from Brazil and
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the Iberian peninsula provides exceptional bulk properties, good opacity, and improved
formation properties and can provide some distinct advantages in the cost and efficiency
of paper production (Molleda 1988; Wiewel 1988). However, the lower cost of
eucalyptus pulp results from its faster growth. Faster growth leads to shorter fiber length
and lower quality relegating euczlyptus pulp as only a partial substitute for softwood
pulp (Gourlay 1989). The technology associated with paper production has evolved to
a point where paper producers mix and match different wood pulps to obtain paper
with the desired characteristics. Within this framework, Canada’s softwood pulp is used

to provide strength in the wet web and tear in the finished product (Molleda 1988).

Table 2.9: World Paper Making Fibre Capacity Distribution (%).

YEAR
GRADE 1976 1986 1990*
Wood pul 74 68 64
Recycled Wastepaper 21 26 29
Other Fibre 5 6 7
EOTAL 100 100 100
Million Tonnes 176 228 252

* Estimated Values
Source: FAO.

ii. Recycled Wastepaper

Recovery and consumption of recycled wastepaper has increased steadily since
1970, and this trend is expected to continue into the future (Slinn 1988; WRA 1988)
(See Table 2.9). Recycled wastepaper use is expected to increase dramatically in North
America where until recently little recycled -vastepaper was used (WRA 1988).

However, increasing the use of recycled wastepaper use may be restricted by the cost
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of collecting wastepaper from small urban centers and delivering it to remote paper
mills (Wood 1988). In other countries, serious efforts have been directed to increasing
recycled wastepaper use. This may negatively affect the demand for Canadian wood
pulp, especially since wood pulps either cause environmental pollution (chemical) or
require a large amount of electricity (mechanical) (Gottschling 1988; Slinn 1988).
Evidence for the increasing concern to recycle wastepaper can be seen in the US where
numerous states have, or are in the process of, passing legislation to tax publishers who

use newsprint manufactured only from wood pulp (Gourlay 1989).
Environmental Regulations

The Canadian forest industry is facing increasing pressure from environmental
groups, domestic regulations, and foreign importers to reduce the environmental
damages caused through the production of forest products. The two sectors of the
Canadian forest industry that may be affected by these regulations are the logging and
pulping sectors. First, public concern regarding the over-cutting of Canada’s forest and
the preservation of ecosystems will likely lead to a reduction in the forest land basr: and
regional annual allowable cuts (AAC’s). As regional AAC’s limit harvest levels,
delivered wood costs will increase which will negatively affect the logging sactor.
Delivered wood costs are also expected to rise as lower quality, second growth timbter
is logged. Second, stricter pollution regulations regarding pulp mill effluent (specificaily
on the levels of dioxins, furans, and other chlorinated compounds that can be released)
will increase the production costs of the Canadian pulping sector. Different

technological solutions are available, depending on the type, size, and age of mill, and
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all of them are costly (Pulp and Paper Journal 199G). For example, it is projected that
it will cost the BC pulping industry $800 millicn to eliminate the production of toxic
chemicals such as dioxins by 1994 (Pulp and Paper 1990).

This research focuses om the impact of stricter pollution regulations on the
Canadian pulping sector. Methods for cleaning up and/or reducing the dioxin pollution
from pulp mills include: 1) altering the production process by chemically cooking the
pulp longer at earlier processing stages before chlorine is used; 2) installing oxygen
delignification (bleaching) equipment which produces cleaner pulp, enables greater
amounts of waste water to be captured by the recovery boiler, and reduces the volume
of effluent; and 3)' replacing elemental chlorine with chlorine dioxide as a scbstitute
bleaching agent which is almost as effective but does not produce dioxins. Altering the
production process (i.e chemically cooking the pulp longer in the early stages of
production) increases the input costs associated with wood pulp production. That is,
more energy and more labor will be used to produce the same amount of wood pulp.
Thus, the costs for implementing this solution are a decrease in technological efficiency,
and an increase in energy, chemicals, and labor expenditures. Costs for new capital
equipment range from $100 million per mill for new oxygen bleaching equipment to
$10 million per mill for new chiorine dioxide. Installation costs vary from $20 million
to $70 million, depending on the age, size, and type of mill under consideration (Muller
1978; Pulp and Paper journal 1988; Noble 1989). Alberta pulp mills presently under
construction or expansion are required to install all three chlorine substitution systems
recommended by the CPPA: bigger digestors for extended cooking, oxygen
delignification systems, and chlorine dioxide generators and (Noble 1989; Simpson

1989). Published estimates report that average total production costs are increased by
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3% to 9% for stricter pollution regulations facing the pulping sector (Muller 1978).
Resource information Systems Inc. (RISI) estimates that the average mill will have to
spend $US 50 million to control dioxin discharges (Pulp and Paper 1990).

Foreign importers of wood pulp, such as West Germany, are beginning to tax pulp
and paper companies according to the amount of chlorinated compounds in their
effluent. In addition, European paper makers are calling for a complete ban on the
import of North American wood pulp that is not produced under the same
environmental standards which exist in Europe after 1992 (Noble 1989). Oxygen
delignification equipment is the only equipment that will cut chlorinated compounds
enough to be able to comply with such new European laws if they are implemeated.

Public opposition to expansion in the forest industry also affects Canada. For
example, the a proposed 400 000 tonne per year (tpy) bieached kraft pulp mill planned
for Tasmania by the Australian Pulp and Paper Mills and Noranda Inc. was recently
cancelled due to public opposition over its environmental impact. Public pressure also
has forced delays in the construction of the Alberta Forest Industries Inc. bleached kraft

pulp mill in Athabasca (Pulp and Paper 1990).
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CHAPTER 3: MODEL DEVELOPMENT
Previous Modeling Efforts on the Canadian Forest Industry

Previous research has examined different aspects of the Canadian and North
American forest industry as it relates to the trade of forest prcducts. There are four
major categories of interest which include: 1) assessing the market structure of
individual forest industries; 2) developing demand and supply equations for specific
forest products; 3) analyzing inter-regional and international trade of forest pr: 'ucts;
and 4) conducting forest policy analysis with respect to trade in forest products. Each

category plays an important role in the analysis of trade in forest products.
Canadian Forest Industry Structure
i. Market Structure and Economies of Scale

Considerable controversy exists as to the market structure of the Canadian forest
industry. Armstrong (1975) concluded that the pulp and paper sector in North America
approximates the structure of an oligopoly. A number of other authors also supported
this conclusion, specifically that the newsprint sector was an oligopoly with some form
of price leadership (Eastman and Styholt 1967; Moore 1970; Guthrie 1972; Irland
1976). Recent work on the Canadian pulp and paper sector concluded that the sector
was not perfectly competitive (Muller 1978; Klein 1985; Schembri and Robicheau 1986;
Uhler and Townsend 1986). Muller found the Canadian pulp and paper sector to be
oligopolistic in nature, while Schembri and Robicheau conclude that the sector as a

whole operates as a price discriminating monopolist. All of these studies examine the
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pulp and paper sector within their domestic market. Other studies which examine the
pulp and paper sector in the context of the global market conclude that the global
industry is perfectly competitive (Slatin 1975; Buongiorno et al. 1983; Giless 1983).

The most recent and comprehensive study of the Canadian pulp and paper sector
(Bernstein, 1989) also supports this conclusion that the sector is perfectly < wmpetitive.
Bernstein’s research indicated that the pricing of pulp and paper products occurzz4 at
marginal costs (i.e. there was no evidence of mark-ups). Klein (1985) looked specifically
at Canada’s pulp and paper sector and found that the structure of the sector varied
considerably between geographical region and between product. Schembri and
Robicheau (1986) recognized that the Canadian pulp and paper sector is competitive
in international markets. In addition to this research, economic theory dealing with
contestable markets suggests that the threat of entry to the Canadian pulp and paper
sector would cause the existing firms to operate in a perfectly competitive manner. In
conclusion, the literature suggests that the Canadian pulp and paper sector is
oligopolistic in nature with respect to its domestic market, but is perfectly competitive
with respect to its global market.

A number of studies have looked at economies of scale and technological change
in the forest industry. The studies which examined the pulp and paper industry found
some degree of economies of scale (Buongiorno and Gilless 1980; Singh and Nautiyal
1984; Martinello 1985; Stier 1985). Most of these studies also found positive
technological change in the Canadian pulp and paper industry although Singh and

Nautiyal (1984) and Martinello (1985) found negative technological change.
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Demand and Supply of Forest Products

Early projections of the demand for forest products were simple econometric
equations with population and economic activity as the sole explanatory variables (FAO
1960, 1963, 1972). McKillop (1967) undertook a more extensive study, estimating
demand and supply functions for the major forest outputs in the end product and
priviary product (roundwood and stumpage) sectors of the US forest industry. More
receini studies have focused on the price responsiveness of demand for forest products
(Buongiorno 1978, 1979; Buongiorno and Kang 1981; Chou and Buongiorno 1984).
Within the development of the Global Trade Model (GTM) (Kallio et al. 1987), a
comprehensive review of the demand and supply of forest products was done. McKillop
and Wibe (1987) provide a comprehensive review of recent studies on the demand for
sawnwood and panel products. Similarly, Uutela (1987) provides a review of recent
studies on the demand for pulp and paper products. Most of the studies reviewed
analyzed the demand and supply of forest products in a partial equilibrium framework.
Inherently, the studies which analyzed the structure of the forest industry (see previous
section), also examined the production and supply of forest products. Most notable for
Canadian pulp and paper products are the studies by Muller (1978), Klein (1985),
Schembri and Robicheau (1986), and Bernstein (1989).

Trade in Forest Products

Adams et al. (1980) discuss the evolution of trade modeling with respect to forest
products. Models examining the trade in forest products have developed from simple
materials balance models to more sophisticated spatial equilibrium and dynamic market

models. The simple materials balance models developed projections of demand and
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supply from exogenous forecasts of various economic indicators. These projections
were then compared in order to identify materials shortages (or excesses). Omission
of prices in these models was considered a serious weakness and led to the development
of a large number of partial equilibrium market and industry models. These models
were largely based on a series of econometrically estimated derived demand and supply
functions which were solved in each time period to obtain a time series of prices and
quantities. However, many of these models employed ad-hoc specitications of demand
and supply equations, loosely tied to economic theory. Recent research has given a
great deal of attention to spatial equilibrium models, of which the Global Trade Model
(GTM) (Kallio et al. 1987) for forest products, developed by the International Institute
For Applied Systems Analysis (IIASA), is the most comprehensive. The GTM is a
spatial equilibrium model which recognizes 18 regions and 16 forest products. It is a
partial market equilibrium economic model following the framework developed by
Hotelling (1932) and Samuelson (1952). The mathematical formulation is similar to
that used in a model of the North American pulp and paper sector (Buongiorno 1981;
Buongiorno and Gilless 1983, 1985) and is related to the structure of the Timber
Assessment Market Model (TAMM) developed by Adams and Haynes (1980). Adams
and Haynes (1987) also provide a review of recent studies and models used to examine
the trade of forest products. Most of these trade models are in a partial equilibrium
framework and look at predicting future trade flows.

Percy et al. (1989) discuss the deficiencies associated with the above generation of
forestsector models, and provide an alternative direction for modelling the forest.sector.
The primary deficiencies with the previous set of forest sector models are that they

ignore inter-sectoral linkages and that they assume that the macroeconomic variables

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



28

and indices of aggregate economic activity are not affected by changes in the forest
sector. The alternative approach put forward by Percy et al. (1989) is to model the
forest sector in a computable general equilibrium (CGE) framework which introduces
inter-sectoral linkages and endogenizes some of the macroeconomic variables.
However, this framework ignores inter-regional and inter-temporal linkages. Thus, it
is more useful for the economic analysis of trade policy shocks than for the long range

predictions of trade flows.
Forest Trade Policy Analysis

A number of issues are analyzed in the literature relating to the impact of domestic
and foreign policy changes on the Canadian forest industry. Muller (1978; developed
a partial equilibrium econometric model of the Canadian pulp and paper sector,
formulated specifically to simulate the effects of increased production costs which result
from mandatory pollution controls. Muller also looked at the effects of exchange rate
changes. Less than unitary elasticities were found for the major variables (prices and
quantities) with respect to changes in real income, unit factor requirements, and
exchange rates. Muller concluded that overall industry output would not decline by
more than 2% for a 6% increase in production costs associated with pollution control.

Schembri and Robicheau (1986) developed a model of the Canadian pulp and
paper sector to examine the impact of exchange rate changes on the industry. They
conclude that industry profits are more sensitive to exchange rate changes than to
changes in the levels of output or employment. A 1% devaluation in the US/Canada

exchange rate decreased profits by 2%, output by 1%, and employment by 0.5%.
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Using a computable general equilibrium (CGE) model, Percy and Constantino
(1987) examined the effects of the softwood iumber dispute between Canada and the
US on the BC economy. They conclude that Canada is absolutely better off as a result
ofthe 15% export taximposed by Canada onall lumber exported to the US. Constantino
and Percy (1988) reiterated these results and looked at the implications that this
agreement will have on the future trade of natural resource commodities between the
two countries. Using a spatial equilibrium model, Boyd and Krutilla (1987) analyzed
the same issue and came up with similar conclusions (i.e. that a voluntary restraint on
exports would increase profits in the Canadian sawmilling sector).

Uhleretal. (1987) examined the trade of pulp and paper products between Canada
and the US over the last 70yearsin light of the tariff schedules imposed by both countries.
As mentioned earlier, they conclude that the present preduct mix of the Canadian pulp
and paper sector has resulted from provincial legislation prohibiting the export of
unprocessed roundwood cut on Crown land as well as from the US import tariff structure
that emerged during the late 1920’s. [“uirthermore, they predict that removal of the
tariffs on other paper products would affosd opportunities for US market penetration

by the Canadian producers of other paper products.

Model Selection and Qutline

The model selected to analyze the impacts of domestic and foreign policy shocks
on the Canadian forest industry is a short run, inter-sectoral, inter-regional model
specified in the form of proportional rates of change. This type of model was originally
introduced by Johansen (1960). It specifies economic relationships at the level of
economic agents and aggregates to the macroeconomic level. Relative prices, factor

endowments, and production technologies are use¢’ to describe the economy. The
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proportional rate of change format is used because it requires relatively little data,
produces results easily interpreted in terms of elasticity relationships, uses a simple
solution algorithm (i.e. matrix manipulations), and because it is well suited for the
economic analysis of a wide range of policy shocks.

This model develops a production structure of the Canadian forest industry similar
to that used Dixon et al. (1982). The Canadian forest industry is divided into five regions
(BC coast (BC), BC interior (BI), Prairies (PR), Central (CE), and Atlantic (AT)) and
into five sectors (logging (LO), sawmilling (SM), pulping (PU), newsprint (NP), and
other paper (OP)). In international markets, Canada is treated as an excess supplier
of lumber, wood pulp, newsprint, and other paper products. Regional production of
forest products is destined for the US, Japanese, European Community (EC), and
domestic Canadian markets. The US, Japan, and the EC are treated as excess demand
regions with the European Free Trade Assaciation (EFTA), Latin America (LA), and
Other Asia-Pacific (OA) providing alternative supplies of forest products to the US,
Japanese, and EC markets. Final demand is modeled using the Armington assumption
that products differing only in the place of origin are imperfect substitutes (Armington
1969). Primary input demands are modeled using Constant Returns to scale, constant
Elasticity of Substitution, Homothetic (CRESH) functions. Intermediate comrodity
input demands are modeled using Constant Elasticity of Substitution (CES) functions.
Multiple output supplies are modeled using Constant Elasticity of Transformation
(CET) functions. These three functional forms were selected because they allow
flexibility in describing the production structure of each forest sector. Individual outputs
are also modeled using a simple output supply function where output is a function of

output and input prices. The model developed is not a full CGE model because it does
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not explicitly recognize other sectors of the economy. However, the model can be easily
expanded into a full CGE model. This is a short run model assuming that capital stocks
are fixed and that there is no inter-temporal activity. However, it explicitly recognizes
the interactions between regions and between sectors within a region.

The proportional rate of change format in which the variables are specified
produces a system of linear equations (i.e. the model is linear with respect to the
variables). Although the linearization of the equations allows for flexibility in terms of
model size, modification, application, and implementation, it also introduces
approximation errors (Dixon et al. 1982, pages 44-47). Approximation errors result
from the inability of the model to cope with large changes in the exogenous variables.
For example, the input and output shares used to build the model are treated as
exogenous parameters wten solving the model, even though the resulting changes in
the prices and quantities of forest products change these input and output shares.
Therefore, the results from this model are only valid for small changes in the exogenous
variables which do not induce significant changes in the commodity composition of
outputs, the industrial composition of factor employments, or the industry composition
of input costs (i.e. no significant changes in the value shares used to build the model)
(Dixon et al. 1982, page 44).

The modelis currently set upona LOTUS 1-2-3 spreadsheet and is solve d by matrix

manipulations. These matrix operations are performed using a FORTRA® program.
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Modeling the Canadian Forest Industry Structure
Regional Industry Structure

The Canadian forest industry is divided into five regions and five sectors (See Table
3.1). BC s divided into the coastal and interior regions. The Prairies include Alberta,
Saskatchewan, and Manitoba, while Central Canada includes Ontario and Quebec. The
remaining Maritime provinces make up the Atlantic region. The Yukon and Northwest
Territories are excluded in this model since they have very small forest industries. This
regional division of Canada’s forest industry is based on differences in the makeup of
each regions’ forest industry, differences between regional input costs, and on data
availability. Many of the differences which exist between the makeup of each regions’
forest industry and regional input costs can be attributed to the differences that exist

between each the forests of each region.

Table 3.1: Canadian Regional Industry Makeup.

Region
BC Coast BC Interior Prairies Central Atlantic
Logging Logging Logging Logging Logging
Sawmilling Sawmilling Pulping Sawmilling Pulping
Pulping Pulping Newsprint Pulping Newsprint
Newsprint Other Paper |Newsprint Other Paper
Other Paper Other Paper

Forest Industry Structure

Because Canada operates primarily in the global market for forest products, all

regional forest sectors and input/output markets are assumed to be perfectly
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competitive (i.e both the producers and consumers of forest products are small and
numerous such that each one treats the prices of forest products as exogenously fixed).
This assumption is supported by the recent research done by Bernstein (1989).

Input and output mixes for each forest sector vary between regions depending on
which other forest sectors are present in a given region (See Table 3.2). Labor, capital,
and energy are the primary inputs used by all the regional forest sectors. These three
primary inputs are modeled as imperfect substitutes and aggregated together to form
an aggregate primary input using a CRESH function. Labor and energy are assumed
to be mobile across forest sectors in a given region, while capital is assumed to be sector
specific (i.e. capital is not mobile between different sectors of the forest industry).
Timber is used as an input in the logging sector to produce sawlogs and/or pulp wood.
Sawlogs are used in the sawmilling sector to produce lumber and pulp chips (providing
the region has a sawmilling sector). The pulping sector uses pulp chips and/or pulp
wood to produce wood pulp. Regional wood pulp is either exported or used in
combination with wastepaper to produce newsprint and other paper products in that
regions’ newsprint and other paper sectors respectively.

This model attempts to capture the major commodity flows between sectors and
regions, while ignoring minor commodity flows. This simplifies the model, but does not
significantly detract from the results obtained. One of these simplifications is the
assumption that intermediate commodity inputs (timber, sawlogs, pulp wood, pulp
chips) are not mobile across regions. A second simplification is that Canada’s domestic
consumption of lumber, newsprint, and other paper products is not broken down by
region. That is, Canada is treated as a single market for lumber, newsprint, and other

paper products, rather than as five regional markets for each product.
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Table 3.2: Canadian Forest Industries Input/Output Structure.

Industry Structure
Logging Inputs: |Timber, Labor, Capital, and Energy.
Outputs: {Sawlogs and Pulp wood in the BC, B], and CE
regions.
Pulp wood in the PR and AT regions.
Sawmilling [Inputs: [Sawlogs, Labor, Capital, and Energy.
Outputs: |Lumber and Pulp chips.
Pulping Inputs: 5,1::!% \g)%c}: Egép ch?:,gil_gjl;f)r, Capital, and Energy in
Pulp wood, Labor, Capital, and Energy in the PR and
AT regions.
Output: | Woad pulp.
Newsprint  |Inputs: |Wood pulp, Wastepaper, Labor, Capital, and Energy.
Output: |Newsprint.
Other Paper |Inputs: |Wood pulp, Wastepaper, Labor, Capital, and Energy.
Output: |Other Paper Products.

Table 3.3: Canadian Regional Shipments of Forest Products by Destination.

REGION PRODUCT DESTINATION
BC Coast Lumber, Newsprint, |Canada, US, Japan, EC
and Central |and Other Papers
Wood pulp Regional Newsprint and Other Paper
Industries, US, Japan, EC
BC Interior |Lumber Canada, US, Japan, EC
Wooaod pulp US, Japan, EC
Prairies Wood pulp Regional Newsprint and Other Paper
and Atlantic |Industries, US, Japan, EC
Newsprint and Canada, US, Japan, EC
Other Papers —
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Modeling Trade Flows

Internationai trade in four forest producis is recognized in the model. These four
forest productsinclude: lumber (LU), wood pulp (PU), newsprint (NP), and other paper
products (OP). Eight regions produce (supply) these forest products including: the BC
coast (BC), BC interior (BI), Prairies (PR), Ceniral (CE), and Atlantic (AT) regions
of Canada, the European Free Trade Association (EFTA), Latin America (LA), and
Other Asia-Pacific (OA) countries. Four regions consume (demand) Canadian forest
products including: Canada, the US, Japan, and the EC. As mentioned earlier, the
Canadian demand for each of these four forest products is not regionally disaggregated.
The US, Japan and the EC are modeled as excess demand regions. Thus, the production
and export of forest products by these regions are not explicitly recognized in the model.
However, net domestic production (production minus exports) is used to calculate the
market shares for the sources of domestic consumption in the US, Japan, and the EC.
Table 3.3 summarizes the trade flows represented in the model.

The prices of forest products in countries other than Canada are assumed to be
exogenous. Given that Canada plays a major role in the global marketplace for forest
products, changes in the price of Canadian forest products will probably have an impact
on the international prices of forest products. Therefore, the assumption that foreign
prices are independent of Canadian prices may not be accurate. Subsequent versions
of the model will relax this assurﬁption regarding the price taking behavior of the

Canadian forest industry.
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Functional Form and Equations
Final Demand

The US, Japan, and the EC demand equaticns for lumber, wood pulp, newsprint,
and other paper products are developed from the Armington assumption that products
distinguished only by place of origin are imperfect substitutes (Armington 1969).
Canadian final demand equations are developed in the same fashion for lumber,
newsprint, and other paper products, while domestic wood pulp demand is treated as
an intermediate input into the production of newsprint and other paper products.

The Armington assumption is used to represent two characteristics of trade. First,
forest products originating from different regions are not exactly the same. Differences
in the characteristics of the timber used in the production of forest products will result
in differences in the quality and characteristics of those forest products. For example,
wood pulp originating from the BC region will be primarily softwood bleached kraft
wood pulp, while wood pulp originating from another Canadian region may contain
more hardwood or mechanical pulps. Second, established trade patterns for forest
products are sometimes resistant to changes in the prices of forest products. This trade
inertia is a result of the fact that fewer problems are encountered when established
trade patterns are followed (since, for example, the requirements for trade, paperwork,
language, etc. are well understood). Establishing new trade flows has an added cost in
the uncertainty and problems encountered in dealing with a new situation. Thus, it is
appropriate to model forest products originating from different regions as imperfect

substitutes.
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Product demand functions assume a constant elasticity of substitution in each
market for each product. These functions were formulated by Armington (1969) and
have the following rate of change form (See Appendix 1: Glossary for a description of

the terminology and subscripts used):

(1) (PyQu)=€a Dem(a= 1) Ao T ((Mez) Pi)-(0u- 1) (P, - P

kwi

Where: (P‘/ "Qc“)= P(/+OCl/
P,, = percent change in price of good i’ originating from
region/country ’j’.

Q.,= percent change in quantity of good ’i’ originating from
region/country ’j’ demanded by country ’c’.

€., = income elasticity for good ’i’ in country ’c’.
D. = percent change in income of country ’c’.

N, = direct price elasticity of demand for good ’i’ in country

1.0

c.
n .= cross price elasticity of demand for good i’ with

respect to price of good 'k’ in country ’c’.

g, = elasticity of substitution for good 'i’ demanded by
country ’c’.
P‘ = Z(Scu ' Pz/)
!
- P, Qu
i

¢ = Canada, US, Japan, EC.

i = lumber (LU), wood pulp (PU),
newsprint (NP), other paper products (OP).

j= BC,BI, PR, CE, AT, US, Japan, EC, EFTA, LA, OA.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



38

Two further assumptions were introduced by Armington (1969) to simplify the
equations and increase the ease of computation. First, it was assumed that the direct
price elasticity of demand for good ’i’ in all countries ¢’ () equaied unity. This
assumption implies that the expenditures on a given forest product are independent of
any changes in the overall level of prices for that forest product (i.e attention is focused
on the effects of changes in the relative regional prices for a forest product, abstracting
from any presumably small effects in the changes in the general level of prices for that
forest product). Second, it was assumed that the third termin equation 1 is small enough
to be ignored. This is not unreasonable with small price changes in other markets
(Armington 1969).

After rearranging and including exchange rate variables, equation 1 simplifies to

(See Appendix 1 for a description of the terminology and subscripts used):

]

(2) Q.cz/=€cc' Dc_oci' Plf+(cc(_ l) Z(Scil' (Pt’/'_éCA/'))

Jj

where: éca; = % change in exchange rate between Canada and
region/country 'j’. All prices in § Canadian.
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The final demand equations for the regional production ot lumber, newsprint, and
other paper products are obtained by aggregating the final demand equations for each
forest product over the four consuming countries 'c’, weighting each of these demands

by the appropriate regional export value share.

(3) Qi1= Z(Bcu"ocq)

i

where: Q. = percent change in total quantity of good 'i’ from

region .
B., = export value share of product 'i’ from region ’j’ to
country ’c’. "

j = BC, Bl PR, CE, AT only.

In the case of the demand for the regional production of wood pulp, the fina!
demand equations ior wood pulp from the US, Japan, and the EEC are aggregated
with the intermediate input demand equations for wood pulp from that regions’
newsprint and other paper sectors. In total, 16 final demand equations are obtained;
three for lumber; four for newsprint; and four for other papers. Five demand equations

are obtained for wood pulp.
Input Dernands

The Canadian forest industry structure is modeled under two general assumptions.
First, as in Dixon et al. (1982, pages 68-74), it assumed that all inputs used by each
regional forest industry are substitutes. Nested CES and CRESH functions are used
to model this assumption. CES functions are used to model the substitution possibilities

between primary and commodity inputs, and the substitution possibilities between
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alternative intermediate commodity inputs. CRESH functions are used to model
substitution possibilities between primary inputs. Although the model assumes that ail
inputs are substitutes, the structure of the model will allow inputs to be modeled as
complements if desired.

CES functions assume that the elasticity of substitution between any two given
inputs is constant regardless of the quantity of either input consumed. CES functions
also assume that the elasticity of substitution is the same for all pair-wise input
substitution possibilities. CRESH functions are a generalization of CES functions, and
are used instead of CES functions to model primary input demands. The advantage of
using CRESH functions is that they allow the elasticity of substitution to vary between
different pairs of primary inputs. For example, the elasticity of substitution between
labor and energy can be different from that between labor and capital. In turn, both
of these elasticities can differ from the elasticity of substitution between energy and
capital. CRESH functions imply constant returns to scale, positive marginal products,
and diminishing marginal rates of substitution (Dixon et al. 1982, pages 71-72).

The second general assumption used is that dual output sectors have concave
production possibility frontiers, and that these can be modeled using CET functions.
CET funétions are identical to the CES functions apart from their parameter
restrictions. CET functions assume that the elasticities of transformation between
alternative outputs are constant regardless of the quantities of either output produced

(Dixon et al. 1982, pages 74-75).
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i. Production Technology.

In levels form, the basic production function for all sectors and regions of the
Canadian forest industry is a CES function which has commodity and primary inputs

as substitutes for each other:

CES(f; s2iPrs+brs2]
(4) Q= T
rs

where: Q ,sp = activity or output level of product ’p’ produced by

sector ’s’ in region ’r’.

Qs = quantity of input 'z’ demanded by sector ’s’ in region
T

A,s. = technological coefficient for input ’z’ for sector ’s’ in
region’r’.
erz

f rsz = A—r:

p s = substitution parameter for sector ’s’ in region ‘r’,

p>-1 and #0.

b ... = distribution parameter for input ’z’ in sector ’s’ in
region’r’. b>0.
A.s = input neutral technological coefficient for sector ’s’ in
region 'r’.
r = BC, B], PR, CE, AT.

s = logging (LO), sawmilling (SM),
pulping (P ), newsprint lg P
other paper products (OP)
= logging aggregate output (LOAO),
P sawmilling g regate output ﬁSMAO),
pulp wood (PW), PU, NP,

z = aggregate commodity input (AC),
aggregate primary input (AP),
timber (TIS) sawlogs (SA), PW.
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Equations are also necessary to describe the aggregate primary (AP) and
commodity (AC) inputs for the sectors in which they are present. The AP input function

has the following form:
(5) Qrsap=CRESH[frsx:hrsxvOrskars]

where Qrsap = quantity of aggregate primary input demanded by
sector ’s’ in region ’r’.
h .., = substitution parameter for input ’x’ in sector ’s’ in
region’r’. h<1 and #0.

O .. = distribution parameter for .nput ’x’ in sector ’s’ in
region’r’. 0>0 and ) O, =1.
x

k., = constant.
x = labor (LA), capital (KA), ene1gy (EN).

The AC input function has the following form:
(6) Qrsac=CES[erx:Gr$'brsx]

where Q rsac = quantity of aggregate commodity input demanded by
sector ’s’ in region ’r’,
6,, = substitution parameter between commodity inputs tor
sector s’ inregion’r’, 6<1 and #0.
b ... = distribution parameter for input ’x’ in sector’s’ in
region’r’. b>0.

x = PW, PC for the PU sector.
PU, WA for the NP and OP sectors.
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ii. Primary Inputs.

Cost minimization subject to the basic production function (4) and converting the
variables to percentage change format yields the foilowing input demand functions

(Dixon et al. 1982, pages 76 - 90):
(7) Qrsz =Q’$P-ars' (Prsz_ Z(Praz * Srsz))+ Ar5+Ar:z—or3' (Arsz - 2(.’1,32 * Srs:))

where Q = percent change in Q.
P = percent change in P.
A = percent change in A.

Pre: Qg

— { 'y E R ——————
S ... = value share of input 'z TP

o,, = elasticity of substitution between primary and

- . . 9 .y ¢ . LR t
commodity inputs in sector ’s’ in region 'r’. = ( ,.p")

NOte: P!‘SZ:: Z(PrSX.SfSX)+Z(AI'SX.SI'SX)
X X

ifz= AP,x =LA, KA, EN.
ifz= AC, x = either PW and PC or PU and WA.
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Primary input demand functions are obtained in a three step procedure. First, cost
minimization subject to the aggregate primary input function (5) yields the following

equation in percentage change form:

(8) Qr$x=Q’sap—gr‘x'(Prsx_ Z(Prsx'Srsx))%-/'lrsx—orsx'(/:irsx_ g(Prsx' src.\))

X

where: x = LA, KA, EN.

6,.'S

rsx rsx

————e
%(orsx'srsx)

Uy
|

rsx T

0,., = primary input ’x’ elasticity of substitution in sector ’s’
SX

. . L 1
in region ’r’. --(1_,1’”)

Second, substitution of equation 7 into equation 8yields the following primary input

demand functicns:

<

(9) Qrsx =Qrsp~°rs' (Prsap_ g(Prsz' Srs:))+ '4rs+ ArS'_ors‘ (Arsap - g(/irsz' Srs:))

-0

rsx

(Proe= TP S0} it =0, (Aren™ D $100))

where: x = LA, KA, EN.
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Twenty one capital input demand functions are obtained which have the form of
equation 9. Lastly, the labor and energy input demand functions for all the forest sectors
in & given region are aggregated together, weighted by input value shares. This yields

five regional labor and five regional energy input demand equations which have the

following form:

(10) Q=) (B Qu)

s

where: Q.. = percent change in quantity of primary input ’x’
demanded in region 'r’.

B .= input value share for primary input ’x’ used by sector
’s’ in region 'r’.

LO, SM, PU, NP, OP.

LA, EN.

X

In this short run model of the Canadian forest industry, it is assumed that the prices
oflabor and energy are exogenous. In the case of labor, this assumes that labor contracts
set the price of labor (wage rate) over the short run, and any adjustment with respect
to labor will occur in the employment level. In the case of 2nergy, this assumes that the
regional forest industry is a relatively small consumer of energy (with respect to total
regional energy consumption) and that it does not affect the regional prices of energy.
In the long run, wage rates will be flexible as new labor contracts are negotiated. In
contrast, the price of energy is likely to remain exogenous to the forest industry.

In the case of capital, it is assumed that the capital stock is fixed in the short run
such that any adjustment with respect to capital will occur in the price or return to capital
(i.e. profits). In the long run, these profits will determine the allocation of new

investment in the forest industry (i.e. a higher return to capital indicates a more
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profitable sector which will have morr new capital invested). Profits provide an
incentive for the investment of new capital. Over time as new capital is invested in a

sector, profits would be driven to zero (i.e the long run equilibrium).
iii. Intermediate Input Demands.

Intermediate input demands are obtained in the same way as primary input
demands are obtained. Single commodity input sectors obtain input demand equations
directly from equation 7. For multiple commodity input sectors, cost minimization

subject to the aggregate commodity input function (6} yields:

(1) Qrax=Oreac = s (Proe™ T Prax S0 A= 0,0 (Aren ™ T (Prae” $1000))

where: x = PW and PCor PU and WA.
¢,s = elasticity of substitution between commodity inputs in

’ : .0 !
sector 's’ in region 'r’. = (———,,er“)

Substituting equation 7 into equation 11 and rearranging the variables yields
individual commodity input demand equations by region and sector of the following

form:

(12) Qrsx =Qr:p_°rs' (Prmc— g(P’". s’3=))*/‘.1,,+,"l,sz~ors- (’.irsac_ g(‘:lrs;:' Srs.'))

=0,y (Prsx— ;(Prsx' Sr:x))-‘-}l (Arsx- Z(-"lrsx' srsx))

- .
rsx Gr:x

where: x = PW, PC for BC, B, and CE regions only.
PU, WA for all regions.

In the case of wood pulp, regional input demands from the newsprint and other

paper sectors are aggregated with the final export demands for that regions’ wood pulp,
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all weighted by - .lue shares. Twenty five intermediate input demand functions are
obtained: five for timber, three for sawlogs, five for pulp wood, three for pulp chips,
five for wood pulp, and four for wastepaper.

Prices and quantities are endogenous for all intermediate inputs except timber.
The quantity of available timber is specified exogenously through annual allowable cuts
(AAC’s). Thus, in the short run, all adjustment will occur in the delivered weod cost
(i.e the price of timber). As prices and profits increase over the long run, the regional
annual aliowable cuts (AAC’s) will increase (i.e. as the extensive margin of timber

increases) as will the regional silvicultura] efforts (i.e. as the intensive margin increases).
Supply

Two functional forms are used to describe output supply. First, a CET function is
used to describe transformation possibilities between alternative outputs. It has the

following levels form:

(13) Qrsao:[CET[grsp;wrs'crsp]].Brs

where: Q sa0o = activity level of aggregate output produced by sector
’s’ in region ’r’.
Grsp = Qrsp * Arsp
Arsp = technological coetficient for output 'p’ produced by
sector ’s’ in region 'r’.
v, = output transfoimation coefficient for sector s’ in
region’r’. y<-1.
crsp = distribution parameter for output 'p’ produced by
sector ’s’ inregion’r’. ¢ > 0. )
output neutral technological coefficient for sector ’s’
in region ’r’.
p = SA and PW for logging in BC, BI, CE.
LU and PC for sawmilling in BC, BI, CE.

o
i
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Output tr .1, )rmation functions are obtained by revenue maximization subject to

equation13 i1 e the following form:

([4) Q'”.!’=Q‘rmo-o-(_;u,_s ( rsp = Z(Prsp rsp)) rs’Arsp"wrs ( rsp Z(Ar,p rsp))

where: w,, = elasticity of transformation between outputs in sector

. . 1
’s’ in region ’r’. = ( - )

The second functional form used is a simple output supply function in terms of
input and output prices which is implied from the CES production function used (Dixon

et al. 1986):

(15) Qrsp=rrsp'(Prsp—Prsx)

where: T,sp = direct pnce clasnclty of supply for product ’p’ in

sector ’s’ in reglon T.

rsp

P ... = percent changc in average price of all inputs used to
produce 'p’.

For each multiple output sector an aggregate output supply function is obtained
by aggregating the individual output supply functions from that sector, weighted by

value shares.

(16) Qrsao Z(Srsp Qrsp)

where: Q,sp = output supply function having the form of equation
3.12.

= SA and PW for logging
LU and PC for sawmiiling.
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Atotal of 12 output transformation functions, six aggregate output supply functions,
and 19 individual output supply functions are obtained such that 37 equations describe
the supply side of the Canadian forest industry. All output prices and quantities are

endogenous.

Model Variables

Table 3.4: Listing of Endogenous and Exogenous Variables.

Endogenous % change in P of timber

Variables ' in P and Q of pulpwood

in P and Q of sawlogs

in Q of logging aggregate output
in P and Q of lumber

in P and Q of pulp chips

in Q of sawmilling aggregate output
" in P and Q of pulp

in P and Q of wastepaper

in P and Q of newsprint

in P and Q of other paper

" in Q of labor

in Q of energy

in P of capital

p—

Y=Y Y- 1 Y- =X

&N
- Ln L C0 00

TOTAL: 104

Exogenous % change  in Q of timber BC,BIL,PR,CE,AT
Variables " in P of energy BC,BL,PR,CE,AT
" in P of labor BC,BI,PR,CE,AT
in Q of all capital stocks

in P of all foreign forest products
in foreign exchange rates

in technological coefficients
A SR

A total of 104 equations in proportional rate of change form are obtained which

makes up the model structure. For each equation, all the endogenous variables are
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transferred to the left hand side of the equation while all the exogenous variables are
transferred to the right hand side. 104 endc;nous variables are recognized in the
model (See Table 3.4).

Parameter values for the endogenous and exogenous variables are obtained from
the appropriate shares and elasticities. Appendix 2 describes the data sources and
estimation procedures used to determine these shares and elasticities. The base year

used is 1986.
Solution Procedures

The model structure of 104 linear equations can be represented in a square matrix

format:

(17) A-x=B8B

where: A = square matrix of variable coefficients (104 x 104).
x = vector of endogenous variables (104 x 1).

B = vector of exogenous variables and coefficients (104 x
1).

Rearranging equation 17 such that the endogenous variable vector (x) can be
calculated from A and B yields:

(18) x=4"''B

Policies are simulated via changes in the exogenous variables vector. Multiplying

the inverse coefficient matrix .4 ™' by the policy shocks (the exogenous matrix (B)) yields
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the impact of the shock on the endogenous variables. The inverse coefficient matrix
provides short run impact multipliers, which when multiplied by the exogenous matrix
of policy shocks, produces a matrix of percentage changes in the endogenous variables.
The results are in percentage change form but can easily be applied to the initial price

and quantity levels to obtain changes in the actual prices and quantities.
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CHAPTER 4: POLICY SIMULATIONS: RESULTS AND DISCUSSION
Introduction

Policy shocks are simulated in one of three ways. First, some policy shocks, such
as trade barriers, are simulated by an increase or decrease in the relative price of
Canadian forest products. Second, other policy shocks, such as stricter environment
regulations, are simulated by a negative technical change in the existing capital stock
of the industry affected. Last, exchange rate policy shocks are simulated using the
exchange rate variables specified in the model.

The structure of this model of the Canadian forest industry produces results that
are linear (i.e. the impact of a 2% increase in the price of US other pan~r products will
be twice as large as the impact of a 1% increase in the price of US other paper products).
Therefore, all policy shocks are simulated by unit changes (1% change) in the
appropriate exogenous variable(s). Unit change simulations are also used to minimize
the approximation errors which are associated with Johansen’s procedure of model
linearization (See Chapter 3, Model Selection and Outline; or Dixon et al. 1982, pages
44-49). The results of the unit change simulations are used to discuss the most likely
#mpict that each policy shock has on the Canadian forest industry. For example, the
£ x:sada/US FTA calls for the eventual elimination of all US import tariffs on Canadian
forest products within five years. This will lead to a 4.2% increase in the price of US
other paper products relative to the price of Canadian other paper products (i.e. the
4.2% US import tariff on Canadian other paper products is eliminated; see Chapter 2,
Trade Barriers). The maximum impact that the FTA could have on the Canadian forest
industry would be 4.2 times larger than the results obtained for the corresponding unit

change simulation (i.c a 1% increase in the price of US other paper products). This

52
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maximum impact scenario assumes that Canadian prod:icers bei. all of the effects - .
the Canada/US FTA (i.e the US excess demand for Canadian other papc: 2 >Husts is
perfectly inelastic). However, it is more likely that US consumers also bear some of
the effects of the Canada/US FTA and that the actual impact on the Canadian forest
industry will be less than that of the maximum possible scenario. Who actually bears
the effects of the FTA depends on tbe elasticities of Canadian excess supply and of US
excess demand for other paper products. This issue of incidence is discussed below.

The results from this model are produced by changes in the relative prices of inputs
and/or outputs. For example, increasing the delivered wood cost (price of sawlogs) has
two direct effects on the sawmilling sector. First, the sawmilling sector substitutes
relatively cheaper labor and energy for sawlogs (i.e. an increase in the demands for
labor and energy). Second, as input prices increase, the sawmilling sector decreases its
supplies of lumber and pulp chips. This leads to an increase in the prices and a decrease
in the quantities of lumber and pulp chips supplied. Decreasing the delivered wood
cost has the opposite effect. Indirectly, through changes in the relative prices of inputs
and outputs, the other sectors of the forest industry are affected.

Increasing the price of the lumber also has two direct effects on the sawmilling
sector. First, the sawmilling sector produces more lumber at the expense of relatively
cheaper pulp chips (i.. an increase in the quantity of lumber supplied and a decrease
in the supply of pulp chips). The aggregate output of lumber and pulp chips produced
by the sawmilling sector increases. Second, as the aggregate production of lumber and
pulp chips increases, the sawmilling sector increases its demands for all primary and

commodity inputs. This leads to an increase in the prices of sawlogs and capital, as well
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asto an increase in the quantities of sawlogs, labor, and energy demanded. Decreasing
the price of lumber has the opposite effect. Again, these changes in relative prices
indirectly affect other sectors of the forest industry.

In this model, an increase in the demand for an input will lead to an increase in the
price and quantity of that input. A decrease in demand will have the opposite effect.
An increase in the supply of an output will lead to a decrease in the price of that output,
but will lead to an increase in the quantity of that output that is supplied. A decrease
in supply will have the opposite effect. Through changes in the relative prices of inputs
and outputs, these impacts are transmitted to other sectors of the forest industry, and

to the rest of the economy.
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Sensitivity Tests

Sensitivity tests examine the impacts that alternative parameter values have on the
results generated by the model. These tests are done for those model parameters which
show a wide range of values from previous research, or for those model parameters on
which little previous research has been done. For this model, sensitivity tests are done
for the Armington substitution elasticities, the output transformation elasticities, and
the output supply elasticities for solid wood products. The sensitivity tests are done
using four test simulations which include: 1) the impact of a 1% increase in the annual
allowable cut (AAC) for the BC coast region; 2) the intpact of a 1% decrease in the
price of Japanese softwood lumber; 3) the impact of a 1% increase in the price of EEC
wood pulp; and 4) the impact of a 1% decrease in the price of US newsprint. In general,
the sensitivity tests indicate that alternative parameter values have only minor impacts
on the results of the model. Prices are affected slightly more than quantities. (See

Appendix 3 for a discussion of the results obtained from the sensitivity tests).
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Policy Simulations
A. Introduction

F i J.ferent global issues are analyzed with respect to their impacts on the
Canadian forest industry. For each issue, a number of alternative scenarios are
analyzed. First, the impacts that the removal and/or implementatjon of trade barriers
have on the Canadian forest industry are examined. Included inthis sectionis ananalysis
of the Canada/US FTA. Second, the impacts that devaluations in the Canadian dollar
against individual foreign currencies have on the Canadian fores: industry are examined.
Third, the impacts that increased supplies of alternative fibre sources have on the
Canadian forest industry are examined. Thissection examines both an increased supply
of recycled wastepaper for Canadian paper producers and an increased supply of Latin
American wood pulp for foreign paper producers. Fourth, the impacts that more
stringent pollution regulations on the pulping industry have on the Canadian forest

industry are examined.
B. Trade Barriers

Trade barriers, including the elimination of import tariffs and implementation of
NTB’s, are modeled by decreases or increases in the relative prices of forest products.
For example, the elimination of the EC import tariff on other paper products is
simulated by a:: increase in the relative price of EC other paper products. This is
modeled by an unit increase in the price of EC other paper products. Similarly, the
implemer:ation of nontariff barriers by the EC against imported other paper products
would be simulated by a decrease in the relative price of EC other paper products.

Thus, this would be modeled by an unit decrease in the price of EC other paper products.
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The actual impact that policy shocks have on the Canadian forest industry will
depend critically on the assumption regarding incidence. As noted earlier, incidence
depends on the elasticities of excess demand or excess supply of the product in question
(See Table 4.1). These excess demand and excess supply elasticities are calculated from
the following formulas (See Constantino and Percy (1988) for derivation of formulas;

See Appendix 2 for elasticities used):

(19) ecp=(D/1)-ep—(S/1) es
and
(20) e;s=(S/E3-e,~(D/E) eq
where: egp = elasticity of excess demand.

ers = elasticity of excess supply.

e, = elasticity of demand.
es = elasticity of supply.
D = total annual demand
S = total annual supply
[ = total annual imports
E = total annual exports
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Table 4.1: Elasticities of Excess Demand (ED) and Excess Supply (ES) for Forest

Products.
Excess Elasticity by Forest Product
Country Lumber | Wood Pulp Newsprint | Other Paper
US (ED) -1.95 -8.57 -0.73 -7.26
Japan SED) -4.13 -2.10 -4.73 -10.90
EC (ED) -0.87 -0.84 -0.63 -0.67
Canada (ES) 0.72 1.62 0.46 0.82

These elasticities are then used to calculate shares for the incidence of impacts (See

Table 4.2) according to the following formulas:

(21)  Sp=
and
(22)  Ss= -
where: S = share of impacts of increased foreign excess demand

borne by Canada.

S s = share of impacts of increased domestic excess supply
borne by Canada.
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Table 4.2: Incidence Impact Shares for Canada for Shifts in Foreign Excess

Demands of Forest Products.

Incidence Share by Forest Product
Country Lumber Wood Pulp Newsprint | Other Paper
US (ED) *0.73 0.84 0.61 0.90
Japan SED) 0.85 0.56 0.91 0.93
EC (ED) 0.55 0.34 0.58 0.45

*NOTE: These incidence impact shares S , are calculated for increases in foreign
excess demand by selected country and forest product. Incidence impact shares for
increases in domestic excess supply S sare equalto 1-S.

In the example of the removal of the 3.0% EEC import tariff levied on other paper
products, the Canadian producers bear only 45% (See Table 4.2) of the impacts. Thus,
the actual impact that the removal of this import tariff will have on the Canadian forest
industry will be 1.35 times larger times than the results obtained for the unit change

simulation (i.e. 3.0 times 0.45 equals 1.35).
i. Import Tariffs

Import tariffs are simply taxes levied on the importation of foreign goods. In
essence, import tariffs decrease the relative price of domestic goods with respect to the
prices of all corresponding foreign goods. Therefore, the elimination of import tariffs
can be simulated by an jncrease in the relative price of domestic good with respect to
the prices of all corresponding foreign goods. This is modeled by an unit increase in
the price of that domestic good, and is assumed to be achieved by an increase in the
domestic excess demand . The results that these unit increase simulations have on the
Canadian forest industry are used to discuss the likely impact of import tariff removals

taking into account the excess demand and supply elasticities (i.e issue of incidence).
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The existing import tariffs of importance that regulate the export of Canadian forest
products include: 1) the US 4.2% import tariff on other paper products, 2) the Japanese
2.2%,3.1%, and 5.1% import tariffs on wood pulp, newsprint, and other paper products
respectively, and 3) the EC 5.4% and 3.0% import tariffs on newsprint and other paper
products respectively. The elimination of each of these six import tariffs is examined
individually. The elimination of a foreign import tariff has the following effects on the
Canadian forest industry: 1) an increase in the demands for and export of those regional
Canadian forest products whose corresponding foreign import tariff is eliminated; and
2) anincrease in the regional Canadian demands for the primary and commodity inputs
used to produce these forest products. Countries other than Canada are also positively
affected by the elimination of US, Japanese, and EEC import tariffs levied on forest
products (i.e. Canada does not bear all of the effects of the tariff removals). In general,
the Canadian forest industry is not appreciably affected by the elimination of import
tariffs levied on forest products (See Table 4.3).

An unit increase in the price of US ather paper products is used to model an unit
decrease in the US import tariff levied on other paper products. This increases the
relative price of US other paper products and leads to an increase in the US demand
for Canadian other paper products as US consumers switch consumption to relatively
cheaper Canadian other paper products. Thus, there is an increase in the regional
exports of other paper products to the US, and a subsequent increase in the Canadian
prices of other paper products which ranges from 0.06% in the Prairies region to 0.15%
in the Atlantic region (See Table 4.3). The increase in the regional price of other paper
products leads to a reduction in the regional export of other paper products to Japan

and to the EC. However, the increase in regional exports to the US dominates so that
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regional production of other paper products increases by 0.01% to 0.02%. Given the
increase in the demand for other paper products, returns to capital increase by 0.07%
inthe other papersector. Regional energy consumptionand laboremployment increase
by 0.01%. The remaining sectors of the Canadian forest industry are not affected by
the removal of the US import tariff levied on other paper products. Given that Canada
will bear 90% of the impacts of the removal of the 4.2% US import tariff levied on other
paper products (See Table 4.2). the likely imipact on the Canadian forest industry will

be 3.78 times larger than is obtained for the unit change simulation.

Table 4.3: Summary of the Impacts of Unit (1%) Import Tariff Reductions on the
Canadian Forest Industry (variables in % terms). (See Appendix 1 GLOSSARY for
variable definitions).

Import Tariff Reduced
Variable US Other Japanese Japanese EC Other
Paper Wood Pulp Newsprint Paper

Products Products
QBCPU 6 0.02 0 0
QBCOP 0.02 -0.01 0 0.01
PBCPU 0.02 0.10 0.02 0.01
PBCNP 0 0.01 0.05 0
PBCOP 0.15 0 0.04 0.06
QBIPU 0 0.02 0 0
PBIPU 0 0.11 0 0
PPROP 0.06 0 0 0.01
QCEOP 0.02 -0 0 0
PCEOP 0.15 0 0 0.01
QATOP 0.02 -0 0 0.02
PATOP 0.16 0 0 0.14

A reduction in the Japanese import tariff levied on wood pulp is modeled by an
unit increase in the price of Japanese wood pulp. The resulting increase in the relative

price of Japanese wood pulp affects the prices of wood pulp in the two BC regions.
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Since the remaining three Canadian regions do not export wood pulp to Japan, they
are not directly affected by the removal of this Japanese import tarift. The price of
wood pulp in the BC coast and BC interior increase by 0.10% and 0.11% respectively
(See Table 4.3). Wood pulp production increases by 0.02% in both regions. The return
to capital for the pulping sector increases by 0.08% and 0.09% for the coast and interior
regions respectively. Regional exports of wood pulp from BC to Japan increase, while
exports of wood pulp to the US and the EC decrease. Given that Canada will bear 56%
of the effects of the removal of the 2.2% Japanese import tariff on wood pulp (See
Table 4.2), the actual impact on the Canadian forest industry will be 1.23 times larger
than is obtained for the corresponding unit change simulation.

Reducing the Japanese import tariff levied on newsprint has minor impacts on the
Canadian forest industry except for the pulp and paper sector in the BC coast region.
In this region, wood pulip, newsprint, and other paper product prices increase by 0.02%,
0.05%, and 0.04% respectively (See Table 4.3). Returu rates to capital for each of these
sectors increases by 0.02%, 0.05%, and 0.02% respectiveiy. The remaining Canadian
regions are not affected because they only export small quantities of newsprint to Japan.
The actual impact that the removal of the 3.9% Japanese import tariff levied on
newsprint will have on the Canadian forest industry wili be 3.54 times larger than is
obtained for the corresponding unit change simulation.

An unit decrease ‘n the Japanese import tariff levied on other paper products has
few impacts on the Canadian forest industry, except for a 0.04% increase in the price
of BC coast other paper products. Similarly, an unit decrease in the EC impoft tariff
levied on newsprint also has few impacts on the Canadian forest industry. Removal of

these import tariffs have few impacts because Canada exports small quantities of other
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paper products to Japan and small quantities of newsprint to the EC.

An unit decrease in the EEC import tariff levied on other paper products primarily
affects the regional prices o other paper products in the BC coast and Atlantic regions
of Canada. These prices increase by £.96% ar.d 0.14% respectively (See Table 4.3).
These two regions are the only regions exportwg large quantities of other paper products
to the EC. As mentioned earlier, the actual impact that this import tariff removal will
have on the Canadian forest industry will be 1.35 times larger than is obtained for the
unit change simulation.

In summary, elimination of an import tariff levied by a given country on a given
forest product primarily affects the regional Canadian prices of the forest product
against which the import tariff was initially imposed. For example, removal of the US
import tariff levied on other paper products affects the regional Canadian prices of
other paper products. Regional exports of other paper products to the US are not

affected. This corresponds with the findings of WRA (1988).
it. Nontariff Barriers

Nontariff barriers (NTB’s) are by definition all those barriers to trade other than
tariffs. It is assumed in this model that NTB’s examined can be converted to tariff
equivalents. Thus, NTB’s are modeled in the same manner as tariff barriers. For the
implementation of a new NTB, the NTB is modeled by a unit decrease in the domestic
price of the forest product against which the NTB is implemented. For the removal of
an existing NTB, the NTB is modeled by an unit jncrease in the domestic price of the

forest product for which the NTB is removed. The results that these unit change
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simulations have on the Canadian forest industry are used to discuss the most likely
impact of the implementation/removal of the NTB’s given the excess demand and supply

elasticities (i.e. issue of incidence).

Table 4.4: Summary of the Impacts of an Unit US Countervailing Duty or an Unit
Canadian Export Tax on Lumber Exports on the Canadian Forest Industry (variables
in % terms). (See Appendix 1 GLOSSARY for description of variables).

Variable US duty/Canadian tax
QBCLU -0.02
QBCPU 0.01
PBCLU -0.16
PBCPU -0.03
QBILU ' -0.01
PBILU -0.03
QCELU -0.07
QCEPU 0.01
PCELU -0.24
PCEPU -0.03
PBCLOKA -0.08
PBCSMKA -0.15
PBILOKA -0.01
PBISMKA -0.03
PCELOKA -0.07
PCESMKA -0.22

Three NTB’s are analyzed with respect to their impact on the Canadian forest
industry. The first two NTB’s simulated are the alternative outcomes of the 1986
softwood lumber dispute between Canada and the US. This dispute was settled by the
Memorandum of Understanding (signed on December 30, 1986) under which the
Canadian federal government imposed a 15% export tax on Canadian softwood lumber
exported to the US. The aiternative outcome to this export tax was the imposition of

a 15% countervailing duty by the US federal government. The 15% export tax is
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simulated by a decrease in the excess supply of Canadian lumber which leads to an
increase in the relative price of Canadian lumber. That is, Canadian lumber producers
view the export tax as an added cost to exporting lumber and simply respond by
decreasing their export supplies. This is modeled by an unit decrease in the price of
US lumber. The second NTB analyzed is 15% US countervailing duty. This NTB is
simulated by a decrease in the US excess demand for lumber which leads to a decrease
in the relative price of US lumber. That is, US consumers view the countervailing duty
as an added cost to importing lumber and simply respond by decreasing their imports
demands. This NTB is also modeled by an unit decrease in the price of US lumber.
The third NTB analyzed is the imipact of "Integrated Europe 1992’. It is assumed that
the Canadian forest products will face fewer problems and barriers in entering a unified
EC market. This would result from the removal of internal trade barriers between
western European countries and from the standardization of trade regulations. The
result of the ’Integrated Europe 1992’ agreement is assumed to be a decrease in the
relative price of Canadian forest products in the EC market. This is modeled by an unit
increase in the prices of EC forest products.

For the export tax/countervailing duty simulation, the unit decrease in the price of
US lumber affects the regional Canadian prices of lumber. The decrease in the relative
price of US lumber resuits in a decrease in the regional exports of lumber to the US
and a subsequent decrease in the regional prices of lumber. The BC coast, BCinterior,
and Central prices of lumber decrease by 0.16%, 0.03%, and 0.24% respectively (See
Table 4.4). Decreases in the regional prices of lumber are followed by an increase in
the regional exports of lumber to Japan and the EC. Regional production of lumber

decreases by 0.01% to 0.07%. Profits in the regional sawmilling sector decrease by
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0.15% in the BC coast region and by 0.22% in the Central region. Regional labor
employment declines by 0.04% in both of these regions. For the 15% US countervailing
duty, which assumes US consumers decrease their excess demand for Canadian lumber,
the Canadian industry bears 73% of the impacts of the duty imposition (See Table 4.2).
Thus, the likely impact of the 15% countervailing duty on the Canadian forest industry
will be 10.95 times larger than is obtained for the unit change simulation (See Table
4.4). In contrast, the Canadian forest industry only bears 27% of the impacts of Canada’s

15% export tax (i.e. 3.05 times larger than is obtained for the unit change simulation).

Table 4.5: Summary of the Impacts of Reduced EC NTB’s Against Forest Products
on the Canadian Forest Industry (variables in % terms). (See Appendix 1 Glossary for
a description of the variables).

Forest Product
Variable Lumber Wood Pulp Other Paper
PBCLU 0.04 0 0
PBCOP 0 0 0.06
QBILU 0.02 -0 0
PBILU 0.14 0 0
PBIPU 0.01 0.06 0
PCELU 0.02 0 0
PCEPU 0 0.02 0
PATPU 0 0.08 0
PATOP 0 0 0.14

Reductions in the levels of EC NTB’s against forest products have few impacts on
the Canadian forest industry (See Table 4.5). For example, an unit increase in the price
of EEC lumber primarily affects the sawmilling sector in the BC coast and BC interior
regions. The prices of lumber in these regions increase by 0.04% and 0.14% respectively.

The relatively large increase in the price of BCinterior lumber causes sawmilling sector
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profits to increase by 0.14%. The regional employment of labor increases by 0.05%
(See Table 4.5). The Central region only exports a small amount of lumber to the EC
so it is not affected by the increase in the relative price of EC lumber.

An increase in the relative price of EC wood pulp only affects the pulping sectors
in the BC interior, Central, and Atlantic regions of Canada. The prices of wood pulp
in these regions increase by 0.06%, 0.02%, and 0.08% respectively (See Table 4.5).
Pulping sector profits increase by 0.05% in the BC interior and Atlantic regions, and
by 0.04% in the Central region. Regional employment of laﬁor in the Atlantic region,
and regional consumption of energy in the BC interior region both increase by 0.01%.
The BC coast and Prairie regions do not export wood pulp to the EC so they are not
affected by an unit increase in the price of EC wood pulp.

Removing the EC NTB’s on newsprint has little effect on the Canadian forest
industry. This same result was found for the removal of the EC import tariff levied
against newsprint. The only changes seen in the Canadian forest industry are a 0.01%
increase in the price of newsprint from the Central region, and a 0.01% increase in the
profits of the Central regions’ newsprint sector. This occurs because the Central region
is the only region that exports newsprint to the EC.

As for the removal of the EC import tariff on other paper products, the removal
of EC NTB’s on other paper products primarily affects the prices of other paper
products in the BC coast and Atlantic regions. In general, the Canadian forest industry
remains relatively stable with respect to the removal of EC NTB’s on forest products.
This occurs because the EC is a small export for most of the regional Canadian forest

industries.
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In summary, the impacts thzt a 15% countervailing duty/export tax levied on
Canadian lumber exports to the U3 have on the Canadian forest industry, depend on
the assumption regarding incidence. In the case of the countervailing duty, US
consumers respond directly by decreasing their excess demands for lumber causing the

" Canadian producers of lumber to bear a greater share of the impacts. In the case of
the export tax, the Canadian sawmilling sector responds directly by decreasing its excess
supply of lumber causing US consumers of lumber to bear a greater share of the impacts.
Boyd and Krutilla (1987) and Constantino and Percy (1988) report similar resuits
although they suggest this occurs because the Canadian sector industry is allowed to
exert its monopoly power over US consumers. Similarly, they suggest that when US
consumers decrease their excess demand for lumber, they exert some of their
monopsony power over the Canadian sawmilling sector. Removal of NTB’s in the EC

will primarily afiect those regional forest sectors which export forest products to the

EC.
iii. Canada/US FTA

The Canada/US FTA calls for the elimination of all trade barriers, both import
tariffs and NTB’s, levied on the trade of pulp and paper products between the two
countries over a ten year period. When, the FTA was ratified (January 1, 1989), the
existing US import tariffs levied on Canadian wood pulp, newsprint, and other paper
prod&cts were 0%, 0%, and 4.2 % ad valorem respectively. The existing NTB (with
respect to the US) of most importance to the Canadian forest industry is the 15% export

tax on lumber exports to the US. Therefore, the effects on the Canadian forest industry

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



69

of the Canada/US FTA are a combination of the impacts resulting from the removal
of the import tariff on other paper products and from the remeval of the 15% export

tax on lumber, both of which are discussed earlier.
C. Exchange Rates

Once and for all exchange rate devaluations are simulated directly through the
exchange rate variables present in the equations of foreign demand for Canadian forest
products (i.e Equation 2). The short run impact that an exchange rate devaluation has
on the Canadian forest industry is to decrease the relative prices of all the Canadian
forest proi:.icts with respect to the prices of all the given foreign country’s forest
products. :'he three exchange rates most important to the Canadian forest industry,
based on v+ 'ue of exports, are the Canada/US, the Canada/Japan, and the Canada/EC
exchange r: :»s. Thus, the impacts of a unit decrease (devaluation) in each of these
exchange rates on the Canadian forest industry are examined individually.

The short run impacts that a once and for all devaluation in the Canadian dollar
has on the Canadian forest industry include: 1) an increase in the foreign demands tor
regional Canadian forest products; and 2) an increase in the regional demands for the
prirnaryhand commodity inputs used to produce these forest products. An increase in
the foreign demands for Canadian forest products results in an increase in the prices,
production and export of Canadian forest products. This leads to an increase in the
demands for the primary and commodity inputs, as well as to an increase in the prices
and/or quantities demanded of these inputs (See Table 4.6). -

The unit devaluation in the Canada/US exchange rate positively affects ali regional
Canadian forest sectors except the other paper sector in the Prairies region (See Table

4.6). Regional production of lumber increases in the BC and CE regions (by 0.02%
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and 0.04% respectively), while the regional prices of lumber increase by 0.03% 10 0.26%.
Both the price and production of lumber increase in response to an increase in exports
to the US. The regional production of wood pulp and paper products increase by 0.01
to 0.03% and the corresponding regional prices of wood pulp and paper products
increase by 0.08t00.42%, both in response to increased exports of wood pulp and paper
products to the US. The large increase in the Prairies price of wood puip (0.42%) leads
to a decrease in the supply of other paper products which is larger than the increase in
the demand for other paper products. This causes the quantity of other paper products
supplied/demanded to decrease. As expected, the price of other paper products in the
Prairies region increases. At most, regional employment of labor and regional
consumption of energy increase by 0.01%. The returns to capital for the various forest
sectors increases by 0.01% to 0.03%. The largest increases in the returns to capital
occur in the Prairies logging and pulping sectors where rental rates increase by 0.03%.

The unit devaluation in the Canada/Japan exchange rate primarily affects the BC
coast and BCinterior regions of Canada (See Table 4.6). Both of these regions increase
their exports of forest products to Japan in response to the exchange rate devaluation.
The prices of wood pulp increase by 0.13% and 0.11% in these two regions respectively,
while production only increases by 0.02%. These increases in wood pulp prices lead to
increases in the price of newsprint and other paper products in BC, but leave newsprint
and other paper production unaffected. The remaining Canadian regions are not
affected by the devaluation in the Canada/Japan exchange rate because they only export

small quantities of forest products to Japan.
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Table 4.6: Summary of the Impacts of US, Japan, and EEC Exchange Rate
Devaluations on the Canadian Forest Industry (variables in % terms). (See Appendix
1 Glossary for a description of the variables).

Exchange Rate Devalued
l&lriable Canada/US Canada/Japan Canada/EEC
QBCLU 0.02 0.01 0.01
QBCPU 0.01 0.02 X))
QBCNP 0.03 -0 -0
QBCOP 0.01 -0 0.01
PBCLU 0.16 0.08 0.04
PBCPU 0.10 0.13 0.02
PBCNP 0.18 0.06 0
PBCOP 0.16 0.04 0.06
QBILU 0 -0 0.02
QBIPU 0.03 0.02 0
PBILU 0.03 0.01 0.14
PBIPU 0.15 0.11 0.07
QPRPU 0.04 0 0
QPRNP 0.02 0 0
QPROP -0.02 0 0
PPRPU - 042 0 0
PPRNP 0.24 0 0
PPROP 0.08 0 0.01
QCELU 0.04 0 0
QCEPU 0.03 -0 0
QCENP 0.02 0 0
QCEOP 0.01 0 0
PCELU 0.26 0.01 0.02
PCEPU 0.26 0 0.03
PCENP 0.21 0 0.02
PCEOP 0.17 0 0.02
QATPU 0.02 0 0.01
QATNP 0.04 0 -0.01
QATOP 0.01 0 0.01
PATPU 0.22 0 0.08
PATNP 0.22 0 0.01
PATOP 0.16 0 0.14

The unitdevaluation in the Canada/EC exchange rate primarily affects the Atlantic

and BC interior regions of Canada. In the Atlantic region, the price of wood pulp
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increases by 0.08%, while the price of other paper products increases by 0.14%, both
in response to increased exports to the EC. In the BC interior, the price of lumber
increases by 0.11%, while the price of wood pulp increases by 0.07%. The remainder
of the Canadian forest industry is not affected by the Canada/EC exchange rate
devaluation. The regional employment of labor, consumption of energy, and sector
profits are not affected by either the devaluation against the Japanese currency or the
devaluation against the EC currency. Inbothsimulations, the impacts on these variables
are on the order of 0.0 % or less.

In summary, a devaluation in the Canadian dollar against any foreign currency
positively affects the Canadian forest industry. A devaluation in the Canadian dollar
against the US dollar has 2 larger impact on the Canadian forest industry than does a
devaluation in the Canadian dollar against either of the Japanese of EEC currencies.
Although exchange rates have some significant effects on the Canadian torest industry
in the short run, this may not necessarily be true in the long run as other sectors of the
economy adjust. However, this model does not capture either the long run adjustments
or the adjustment in other sectors of the economy which may reduce the impact that

exchange rate devaluations have on the Canadian forest industry.
D. Alternative Fibre Sources

There are two major alternatives fibre sources with respect to the traditional
bleached kraft pu'rs. First, recycled wastepaper can be used to replace some virgin
wood pulp in the production of newsprint. This is an increasingly important source of

. . \ . 3 3
fibre input as government and the public become more concerned with reducing
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garbage filled landfills. Second, increasing amounts of tast growing plantation
eucalyptus and pine are entering the international wood pulp markets. Most of the

competition in volume and in markets will come from Latin American producers.

i. Recycled Wastepaper

An increase in the supply recycled wastepaper is simulated by directly increasing
the supply of recycled wastepaper. This is modeled by a 1% increase in the supply of

recvcled wastepaper in each region.

Table 4.7: Summary of the Impacts of an Increased Supply of Recycled Wastepaper
ou the Central Regions’ Forest Industry (variables in % terms). (See Appendix 1
Glossary for a description of the variables).

Variable Central
QCEWA 0.5
QCEPU -0.01
QCENP 0.02
QCEOP 0.03
PCEWA -1.41
PCEPU -0.08
FCENP -0.01
PCEOP -0.02

The impacts that an increase in the regional supply of recycled wastepaper has on
regional forest industries include: 1) a decrease in the regional demands for wood pulp;
and 2) anincrease in the regional supplies of newsprint and other paper products. What
happens in the Central region is representative of what happens in the other Canadian
regions (excluding BC interior which does not have an other paper industry). The
Central other paper sector accounts for 75% of Canada’s other paper industry, thus it

is the region of greatest concern. The 1% increase in the Central supply of recycled
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wastepaper leads to a 0.58% increase in the consumption of recycled wastepaper, and
a 1.40% decrease in the price of recycled wastepaper (See Table 4.6). Recycled
wastepaper is substituted for wood pulp, which results in a decrease in the demand for
wood pulp, and also to a decrease in the price and consumption of wood pulp. The
supplies of newsprint and other paper products increase as the prices of recycled
wastepaper and wood pulp decrease. The production of newsprint and other paper
products increases by 0.2% to 0.3%, while the prices of these forest products decrease
by 0.2%. The remaining sectors of the Central forest industry are not affected by an
increase in the supply and use of recycled wastepaper. Insummary, an increase in the
regional use of recycled wastepaper positively affects the regional newsprint and other
paper sectors, negatively atfects the regional pulping sectors, and does not affect the

regional solid wood products sectors.
ii. Plaruation Fibre

An increase in the supply of plantation eucalyptus and pine from Latin America is
simulated by an exogenous decrease in the relative price of Latin American wood pulp.
This is modeled by a unit decrease in the price of Latin American wood pulp.

The direct effect that a decrease in the relative price of Latin American wood pulp
has on «he Canadian forest industry is to decrease the demand for wood pulp from those
Canadian regions which export wood pulp to the same regions as Latin America.
However, the decrease in the regional demands for wood pulp occur indirectly as foreign
importers substitute relatively cheaper Latin American wood puip for regional
Canadian wood pulp. The Canadian pulping sector is slightly affected by the 1%
decrease in the relative price of Latin American wood pulp (See Table 4.8). At most,

the regional prices of wood pulp decrease by 0.01%. In large part, the stability of the
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Canadian pulping sector results because of two factors. First, Latin America and
Canada have relatively small market shares for wood pulp consumption within the US,
Japanese, and EC markets, such that there is little substitution between Latin American
and Canadian wood pulp. Second, much of the substitution of plantation wood pulp
for Canadian softwood pulp has already occurred during the last decade, such that there
is little room left for further substitution of plantation wood pulp for Canadian softwood
pulp. Even large decreases in the relative price of Latin American wood pulp do not
have much impact on the Canadian other paper sector. Insummary, an increase in the
supply of plantation fibre, specifically wood pulp, from Latin America has little impact

on the Canadian forest industry.

Table 4.8: Summary of the Impacts of an Increased Supply of Latin American Wood
Pulp on the Canadiar: Forest Industry (variablesin % terms). (See Appendix 1 Glossary
for a description of the variables).

| Variable Scenario 1 Variable Scenario 1
PBIPW -0 |PATPW -0.01
PBIPC -0 |PATPU -0.01
PBIPU -0.01 PBIPUKA -0.01
PPRPU -0 |PATPUKA -0.01

E. Environmental Regulations

The most pressing environmental concern facing the Canadian forest industry teday
is the disposal of chemical toxins (dioxins and other chlorinated organic compounds)
by pulp mills in their waste effluent. Public concern and outcry has led to the
development of more stringent regulations concerning the acceptable levels of these

toxins in waste effluent. In order to meet these stricter environmental regulations (i.e
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produce fewer toxins), existing pulp mills will have to alter their production processes,
and/or invest in new capital. As noted before, altering the production process is not
costless. Larger amounts of energy, labor, and chemicals are required to reduce the
amount of toxins produced. In addition to altering the production process, old wood
pulp millswill be required to install new capital equipment (oxygen bleaching equipment
and chlorine dioxide generators). This is also not costless. In the past, market solutions
to pollution abatement such as Pigovian taxes have been attempted. However, in the
case of dioxins and other chlorinated compounds, public outcry has demanded
standards be set for zero disc:::: i« =~ In order to meet this regulations, one or all
of the aforementioned contru: :ncasursi « ! eventually have to be implemented by all
existing pulp mills. Thus, these environmental regulations which require zero discharge
of dioxins and other toxins are simulated by a non-biased negative technical change
(with respect to the labor, capital, and energy) in conjunction with an increase in the
capital stock for each region’s pulping sector. The non-biased negative technical change
accounts for alterations in the production process which will use more labor, energy,
capital, and chemicals to produce the same amount of wood pulp (i.e. it is expected that
all of the primary factors will be equally less productive as a result of altering the
production process). An increase in the capital stock of the pulping sector accounts tor
the construction of nmew oxygen bleaching equipment and/or chlorine dioxide
generators. For eachregion, this scenario ismodeled by ar unit decrease in the technical
efficiency of each primary input used by the pulping sector combined with a unit increase

in the capital stock of the pulping sector.
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Table 4.9: Summary of the Impacts of Stricter Environmental Regulations on the
Canadian Forest Industry (variables in % terms). (See Appendix 1 Glossary for a

description of the variables).

r Region

Regional | BC BI PR CE AT
Variable |

QPU -0.06 -0.08 -0.07 -0.06 -0.08
PPU 0.15 0.05 0.05 0.12 0.08
PKA -0.58 -0.69 -0.70 -0.60 -0.61
QLA 0.08 0.08 0.25 0.04 013
QEN 0.12 0.28 0.29 0.06 0.15

The effects of stricter environmental regulations regarding the release of toxic
chemicals in pulp milleffluent include: 1) adecrease in the regional demands for primary
inputs; 2) an increase in the regional supplies of capital for pulping; and 3) a decrease
in the regional supplies of wood pulp. The decrease in tecknical efiiciency of primary
inputs inthe regional pulpingsectors results directly in the decrease in regional démands
for primary inputs. That is, regional pulping sectors shift their demands for inputs away
from relatively more expensive (i.e less efficient) primary inputs to commodity inputs.
In conjunction, the regional supplies of capital for pulping are increased directly. The
major result of this is a relatively large decrease in the profitability of the sector industry
as seen by a decrease in the returns to capital for pulping in each re -ion (See Table
4.9). Declines in the regional returns to capital for pulping range from 0.58% for the
BC coast region to 0.70% for the Prairies region. As a result of the large fall in sector
profits, wood pulp producers substitute labor and energy for capital. This labor and
energy is also needed when alterinig the production process to reduce the amount of

organic chlorinated compounds produced. This results in relatively small increases in
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the regional quantities of labor employed and energy consumed. This happens despite
the initial decrease in the regional demands for labor and energy. Increases in the
regional employment level range from 0.04% to 0.25%, while increases in regional
enc:. - ..cumption range from 0.06% to 0.29%. The decline in the technological
efficier - .. tiie pulping sector causes a decrease in the regional supplies of wood pulp,
witnessed by a decrease in the regional quantities of wood pulp and an increase in the
regional prices of wood pulp. Regional woed pulp production declines by 0.06% to
0.08%, while the corresponding *-20d pulp prices incre s i3 0.05% t0 0.15%. Impacts

on the remaining sectors of each regions forest industry »re not large.
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Impact on Regional Economies

The percentage change in regional forest industry GDP is calculated using a
weighted average of the percentage changes obtained for the returns to sector capitel
and for the regional employment level. The impact that eachscenario has on its regional
economy is calculated by multiplying the percentage change in regional forest industry
GDP by the share of the regional GDP that the forest industry produces. For example,
the BC, Prairies, Central, and Atlantic forest industries produce 8.4%, 0.5%, 1.9%, and
3.3% of their total regional GDP’s respectively. The impact on the Canadian economy
is obtained by a share weighted sum of the impacts on regional GDP’s. However, these
scenarios assume that the rest of the domestic economy (other than the forest industry)

does not respond to any of the changes occurring in the forest industry.
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Conclusion

The impacts that the different global issues discussed have on the Canadian forest
industry vary significantly. For some issues, such as plantation fibre and tariff barriers,
the Canadian forest industry is relatively stable. For other issues, such as stricter
environmental regulations and nontariff barriers, the Canadian forest industry is very
sensitive. For most of the issues examined, separate regional forest industries respond
differently. These differential regional impacts result because of the ditferences in

regional industry structure and in export markets.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS

Intreduction

The objectives of this research are to identify/select those global economic factors
which may have a large impact on the Canadian forest industry and to quantify the
actual impacts that these selected factors may have. Given ¢:e importance of Canada’s
forest industry to the domestic economy and to the global fus2st industry, a short run
inter-sectoral, inter-regional model is developed to analyze ilie impacts that selected

global factors have on the Canadian forest industry.
Summary of Canada’s Forest Industry

Canada’s forest industry is important. Forest product exports account for 1t % .7
Canada’s total exports, and for 2.5% of Canada’s total GNP. Canada’s forest inis vy
is export oriented and plays a major role in the global marketplace for forest products.
In the Canadian forest industry, the pulp and paper sector is the most important
component, both in its’ relative size to other szctors, and in its’ importance in of derived
demands for wood products produced by other sectors of the forest industry. Due to
the importance of Canada’s forest industry, both in the domestic and global economies,
it is appropriate to model the Canadian forest industry in a general equilibrium
framework. This framework is also suitable for the economic analysis of irade policies
with respect to the variety of global economic factors impacting the Canadian forest
industry. Since Canada’s forest industry operates predominantly in the competitive
global marketplace, the Canadian forest industry s assumed to be perfectly compciitive.
This assumption facilitates the development of a general equilibrium model of Canada’s

forest industry.
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Lumber, wood pulp, newsprint, and other paper products account for 95% of
Canada’s forest product exports. Therefore, exports of these forest products are
explicitly recognized. Similarly, the US, Japan, and the EEC import 90% of Canada’s
forest product exports. Therefore, exports to these regions are explicitly recognized.
Regional differences in Canada’s forest industry result from differences between each
regions’ forest resource base. These regional differences, both in industry structure

(input/output mixes) and in export markets (destination), are also explicitly recognized.
Summary of the Model

The model selected to analyze the Canadian forest industry and trade in forest
products is a inter-sectoral, inter-regional model specified in a proportional rate of
change format. The Canadian forest industry is divided into five regions and five
industries. Canada is an excess supplier of lumber, wood pulp, newsprint and other
paper products. Regional production is destined for the US, Japan, and the EEC which
are treated as excess demand regions. Alternative suppliers include the EFTA, Latin
America and Other Asia-Pacific. Final demands for forest products are modeled using
the Armington assumption that products distinguished only by place of origin can be
treated as imperfect substitutes. Primary and intermediate input demands are modeled
using CRESH and CES functions respectively. Multiple output industries are modeled
using CET functions with incividval output supply functions based on input and output
prices. A system of linear equations is obtained and the model is solved using matrix
inversion and multiplication. The model developed is not a full CGE model because
it doss not expiicitly recognize other sectors of the economy. However, the model

developed can be easily expanded into a full CGE model.
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Summary of Results

Six different globalissues are analyzed withrespect to their impacts on the Canadian
forest industry. First, the elimination of import tariffs on pulp and paper products by
the US, Japan, and the EEC are examined. Eliminating all the tariffs on Canadian pulp
and paper products imposed by an individual country generally produces few significant
changes in the regional prices and quantities of Canadian forest products. Only the
prices of the Canadian forest products against which the corresponding import tariffs
are eliminated show any appreciable change. Second, the impacts of nontariff barriers
against selected Canadian forest products are examined. Canada is better off having
imposed a 15% export tax on lumber exports to the US than if the US had imposed a
15% countervailing duty. Removal of NTB’s by the EEC primarily affect those regional
forestsectors which exporta significantamount of forest products tothe EEC. However,
in general these impacts are not that large as the EEC is a relatively small export market
for mostregions, especially relative to the US market. Third, exchange rate devaluations
are examined. Devaluations in the Canadian dollar against foreign currencies,
especially against the US dollar, have positive impacts throughout regional forest
industries. Fourth, increased use of recycled wastepaper by the Canadian newsprint
and other paper sector is examined. Increased use of recycled wastepaper has a
significant impact on the regional prices and consumption of recycled wastepaper, and
much smaller impacts on the prices and quantities of other pulp and paper pruducts.
In general, this occurs because recycled wastepaper is still a relatively minor input in
the production of Canadian paper products. Fifth, an increase in the supply of Latin

* American wood pulp is examined. An increase in the supply of plantation wood pulp

in the global forest products marketplace does not significantly affect the Canadian
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forest industry. This occurs because Latin America and Canada do not compete against
each other in global markets. Each country’s wood pulp occupies its own niche for
paper production. Sixth, stricter environniental regulations which require a reduction
in effluent levels from the pulping sector are examined. In general, regional pulping
sectors are negatively affected a5 they increase input expenditures, primarily on capital,
to reduce pollution. This scenario produces the largest impacts on the Canadian forest
industry relative to other scenarios. Given this set of results and the uncertainty
surrounc’ng stricter environmental regulations, further investigation is warranted.
Given the structure of the model, the results from each scenario can be viewed us
upper bounds on the actual impact that will likely occur. This model does not explicitly
identify linkages between the Canudian forest industry and ike remainder of the
domestic economy or the global forest industry. If these linkages were explicitly
modeled, it would allow the forest industry to transmit some of the impacts to the
domestic economy and/or global forest industry. This model focuses on the impacts
that policy shocks have on regional forest industries and restricts the forest industry
from transmitting shocks outside of itself (i.e. the forest industry bears all of the impacts
of a given policy shock. For example, when labor is released from the forest industry
due to a negative policy shock, some of the labor will migrate out of the forest industry
and into other sectors of the economy. This model cannot account for this because it
does not identify other domestic sectors. Thus, the results from this model are upper

bound estimates of the actual impact that policy shocks have on the forest industry.
Policy Conclusions

Canadian forest trade policy should focus on two issues. First, Canadian policy

should focus on analyzing the impact that stricter environmental regulations have on
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the Canadian forest industry and domestic economy. Given the relatively large impacts
that stricter pollution regulations have on regional pulping industries, the increasing
public pressure with regards to the environment, and the method in which these
regulations are modeled, more research is necessary. Research should focus on
identifying which technique the puiping sector will use in response to the regulations.
Second, Canadian trade policy should focus on eliminating existing trade barriers and
preventing new trade barriers from being implemented. Priority should be given to
those trade barriers which affect Canada/ US trade, though the EC and Japanese
markets should also be examined, especially as they increase in importance. Canadian
policy should also look at facilitating the expansion of trade in forest producis to Japan

and the EEC.
Model Alterations/Further Research

Three major areas of change to the model developed are recommended to expand
the estimation capabilities of the model, and to expand the range of possible policy
analyses. First, other sec