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Abstract
In this chapter, we provide a brief background to the major players in global lumber 
markets, both countries and companies. In addition, the four measures economists use 
for measuring welfare and income redistributions are described, and the remaining 
chapters outlined.

The Canada–United States softwood lumber dispute has a history that goes 
back to the late 19th century. As with many disputes related to forestry and 
forest product, this dispute relates primarily to institutional differences in the 
way Canada and the U.S. govern forestlands. In Canada, the vast majority of 
forestland is publicly owned, with provinces having been granted ownership 
over forest resources by the Constitution. As a result, provincial governments 
became owners of all forestlands within their jurisdiction, with some excep-
tions related to land under the purview of the federal government (viz. National 
Parks and aboriginal lands) and lands granted to the Canadian Pacific Railway 
in exchange for completing construction of a transcontinental railway. This 
constitutional arrangement is discussed in greater detail in Chapter 2.

Although there is nothing that prevented provinces from selling forestland 
to private holders, the public has generally opposed such sales. With the ex-
ception of lands that fell into private hands through outright sale or as a grant, 
transfers of public forestland to the private sector ended in the early 1900s 
(Marchak, 1993, 1995, pp. 85–116; Cashore, 1997). Such transfers would now 
be opposed by the majority of citizens who attach value to the non-commercial 
attributes of the land – to wildlife habitat, recreational and visual amenities, 
and environmental services (e.g. carbon sink, absorber of pollutants, water 
regulation, etc.), to name a few.

Federal and state governments in the U.S. also own vast tracts of forestland, 
mainly in the West, but most of the better, more productive lands are in private 
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hands. Because more logs are harvested from private than public lands in the 
U.S., log prices are relatively transparent. A sawmill would have some notion 
of what price it would be willing to pay for logs based on market-determined 
prices of lumber and other wood products at the time. Logging companies 
compete for the right to harvest logs on both private and public lands, with 
stumpage prices determined through a bidding process that takes into account 
current market conditions for wood products.

In Canada, on the other hand, stumpage prices of logs are set by govern-
ment and are not sensitive to lumber and other wood product prices. Under 
a variety of tenure arrangements, discussed in Chapter 2, Canadian sawmills 
access logs at whatever fee is set by the province. If the price is too high, fewer 
logs might be harvested; if the price is low, more logs might be harvested. The 
word ‘might’ is used to reflect regulations on the volume of timber that a tenure 
holder is required to harvest in a given year or over some government-approved 
planning period (usually 5 years). This friction between what is thought of as an 
open market for logs (U.S.) and a regulated market for logs (Canada) is a main 
reason for the softwood lumber dispute. Forestlands and forest practices in both 
Canada and the U.S. are affected by public attitudes to forest conservation, the 
need to certify sustainable forest practices (or lack thereof), tenure arrange-
ments, governance, and other social controls. Similar factors affect forest prac-
tices and production of forest products across the globe.

In this book, the main focus is on one aspect of the forest sector, namely, 
how the softwood lumber dispute affects bilateral trade flows between Canada 
and the U.S., and between North America and the rest of the world. In doing 
so, we also gain some knowledge about the impacts of trade distortions on 
economic wellbeing in various regions, and which groups in society might gain 
or lose, and by how much. However, the models we consider in the chapters 
that follow can be used to investigate various policies related to forest sector 
trade; indeed, we provide examples of how the models can be expanded to 
examine log export restrictions, subsidies on wood biomass for generating elec-
tricity, impacts of climate change, and so on. The Canada–U.S. lumber dispute 
is only one example of the types of policies that can be investigated using trade 
models, albeit an important example.

As further background to the softwood lumber trade dispute, consider the 
main countries that produce and export lumber. This is provided in Table 1.1. Not 
surprisingly, the main players are the U.S., Canada, Russia, the Scandinavians, 
China, and several central European countries. The top four producers are the 
U.S., Canada, Russia, and China, and they accounted for 47% of global produc-
tion of lumber in 2018; the top four exporters are Russia, Canada, Scandinavia, 
and Germany/Austria, which together accounted for 73% of exports in 2018. 
Canada and Russia each account for about 23% of the world’s total exports of 
softwood lumber, with the Scandinavians contributing about 16%.

This concentration of production and exports is reflected at the company 
and sawmill level. ‘The Sawmill Database’ currently indexes some 1235 saw-
mills and 700 companies in 43 countries; these sawmills produce some 164 mil-
lion m3 of softwood lumber each year, which represents approximately 44% of 
global production. The top 12 lumber-producing companies and their annual 
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production capacity are found in Table 1.2, as are the top 12 producing sawmills. 
Five of the top 12 forestry companies are Canadian, four are American, one 
is Finnish, one is Chilean, and one is Austrian. Surprisingly, no German forest 
company is ranked in the top 12 global lumber producers, although four of the 

Table 1.1. Top 12 countries producing and exporting lumber, 2018 (m3 per year).

Production (m3)  Exports (m3)

Rank Country Rank Country

1 United States 59,458,000 1 Russian Federation 29,754,000
2 Canada 45,227,520 2 Canada 29,655,922
3 Russian 

Federation
39,492,000 3 Sweden 12,437,000

4 China 38,361,000 4 Finland 8,685,340
5 Germany 22,609,724 5 Germany 8,223,141
6 Sweden 18,273,000 6 Austria 5,918,869
7 Finland 11,800,000 7 Belarus 3,345,800
8 Austria 10,221,000 8 Ukraine 3,188,800
9 Japan 8,606,000 9 Chile 3,099,737
10 Brazil 8,600,000 10 United States 2,880,000
11 Chile 8,025,300 11 Latvia 2,764,000
12 France 6,553,000 12 Brazil 2,374,000

Global 390,226,847 Global 129,866,876

Adapted from: FAO database at http://www.fao.org/faostat/en/#data/FO (accessed June 22, 2020)

Table 1.2. Top twelve global producers of lumber by production or capacity (m3 per year).

Rank Companya Capacityb Rank Sawmillc Capacityb

1 West Fraser Timber  
Co Ltd (Canada)

8,460,000 1 Klausner Holz 
Thüringen

1,200,000

2 Canfor (Canada) 6,900,000 2 Wismar Sawmill 1,200,000
3 Weyerhaeuser (U.S.) 6,449,000 3 Plateau sawmill 1,054,000
4 Stora Enso (Finland) 4,646,000 4 Houston sawmill 1,020,000
5 Georgia Pacific (U.S.) 4,300,000 5 Quensel West Fraser 940,000
6 Resolute Forest  

Products (Canada)
4,000,000 6 Binderholz sägewerk 825,000

7 Interfor (Canada) 3,550,000 7 Mackenzie sawmill 800,000
8 Sierra Pacific Industries (U.S.) 3,200,000 8 Landsberg Am Lechb 800,000
9 Hampton Affiliates (U.S.) 3,100,000 9 Offner Wolfbergc 800,000
10 Arauco (Chile) 2,800,000 10 Dunkley sawmill 800,000
11 Tolko Industries Ltd (Canada) 2,500,000 11 Baur Holzb 750,000
12 Schweighofer (Austria) 2,400,000 12 Longview Softwoodd 720,000

a Country of head office indicated in parentheses.
b Capacity is employed, but in some cases this refers to actual production.
c Mills 1, 2, 8 and 11 are in Germany; 6 and 9 in Austria; 12 in the U.S.; and 3, 4, 5, 7 and 10 in Canada
Adapted from: The Sawmill Database https://www.sawmilldatabase.com/productiontoplist.php (accessed 
June 16, 2020).

http://www.fao.org/faostat/en/#data/FO
https://www.sawmilldatabase.com/productiontoplist.php
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largest sawmills are located in Germany, and Germany is the fifth largest producer 
and exporter of lumber.

Our interest is in the economics of wood products production and trade. 
Economists have the tools required to analyze public policies – to determine 
whether or not a policy enhances society’s overall wellbeing (or welfare), and 
identifying which groups in society gain and which lose from the policy, and 
the potential size of such gains or losses. Although the welfare measures are 
well known from a theoretical standpoint, economists apply a variety of em-
pirical methods to calculate the various welfare measures. These are briefly 
reviewed below.

1.1 Welfare Measures

In economics, costs and benefits constitute a surplus that is either lost (cost) or 
gained (benefit). There are four types of economic surplus.

1. Consumer surplus is the difference between what consumers are 
willing to pay for goods and services and the actual expenditure required to 
obtain those goods and services. In essence, it is the difference between the 
total benefit that consumers derive from purchasing an amount Q and what 
they actually have to pay (which equals price times quantity, P×Q). It can 
be measured by the area below the marginal willingness-to-pay (demand) 
function minus what they actually pay, and can be represented mathemat-
ically as:

CS = ( ) - ( )éë ùûò D q S q dq
Q

,
0

 (1.1)

where CS refers to the consumer surplus. The integral constitutes the total willing-
ness to pay (area under demand function) minus the total cost of production (area 
under supply function, or P×Q). The consumer surplus is illustrated in Fig. 1.1.

Consumer surplus is not always directly measurable. Consider the case 
where a project does not affect consumer surplus because the market price is 
unaffected. For example, it is unlikely that decisions concerning the harvest 
or protection of a single commercial forest landscape will affect the prices of 
timber products. In that case, the direct consumer surplus associated with such 
a project is unlikely to change; indeed, unless the project lowers (raises) price, 
the consumer is not going to gain (lose) surplus from the project. In that case, 
consumer surplus becomes relevant only in some other market, but not the 
market for lumber. Suppose that, in addition to the market for lumber, there is a 
demand for an environmental amenity that is somehow impacted by a logging 
decision. In that case, there may be surplus that needs to be taken into account 
in evaluating the logging project. This would be an indirect cost or benefit asso-
ciated with the project, which is discussed below as the fourth type of surplus.

2. Quasi-rent constitutes the difference between total revenue and total 
variable cost. It is measured by the area below price and above the marginal cost 
(supply) function, as indicated in Fig. 1.1. It is also referred to as  producer 
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surplus. While constituting a true welfare measure, quasi-rent (producer surplus) 
accrues to fixed factors of production and entrepreneurship. That is, in Fig. 1.1, 
the supply curve is a short-run supply function, which means that returns to the 
fixed factors of production must come from quasi-rent. Any attempt to tax this 
quasi-rent or producer surplus will disincentivize firms from investing in the 
production of that commodity.

Consumer surplus and quasi-rent can be considered from a perspective 
that ignores the utilitarian foundations of demand. Think of the supply function 
as the minimum amount that a seller is willing to accept (WTA), at the margin, 
to part with the item in question. Any amount above minimum WTA constitutes 
a surplus to the seller. Likewise, the demand function can be thought of as the 
maximum amount a buyer is willing to pay (WTP). Suppose that person A is 
willing to sell an article at any price above $9.50, while person B is willing to 
pay upwards of $17.50 for that item. If they agree to a price of $12, person A 
gains a surplus of $2.50 while B gains a surplus of $5.50, so the total surplus 
shared between them is $8. If the trade had occurred at $15, A would have real-
ized a surplus of $5.50 and B a surplus of $2.50, but again the benefit to society 
(the two people) is still $8. Even if A was coerced to sell at $8, so that B gained 
$9.50, the total surplus of this exchange would remain $8 (= $9.50 – $1.50).

3. Resource rent accrues to natural resources and consists of two 
components that are often indistinguishable from each other in practice, and 
difficult to separate from the second type of surplus – the quasi-rent (producer 
surplus). We illustrate the concept of resource rent with the aid of Fig. 1.2. The supply 
curve in this figure is a long-run supply curve, and differs from the short-run 
supply curve in Fig. 1.1 because, in the long run, all factors of production are 

Quantity

Price ($)

Supply = marginal cost

Demand = marginal 
willingness to pay

Consumer
surplus

Quasi-rent

0
Q

P

Total variable cost

Fig. 1.1. Consumer and producer surplus. (Author’s own figure.)
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variable. In that case, there is no quasi-rent to be measured, because qua-
si-rent accrues only to fixed factors of production, of which there are none in 
the long run, except natural resources.

The first component of resource rent is differential (sometimes referred to 
as Ricardian) rent that arises because of inherent or natural advantages of one 
location relative to another. For example, a woodlot located near a sawmill or 
transportation corridor (highway, water transport) earns a windfall relative to an 
identical woodlot that is located farther from a sawmill or transportation corridor.

A second component is referred to as scarcity rent, which results simply 
because there is a limit to the number of stands with commercial timber. That 
is, if the timber producer, despite being the highest cost producer in the 
world, earns a windfall over and above what could be earned elsewhere in 
the economy, there is a scarcity rent because price exceeds the marginal cost 
of production. Given that old-growth timber that produces large logs for decora-
tive use is limited, the supply curve is vertical at that limit, thereby creating a 
scarcity rent.

Resource rent is the sum of the differential and scarcity rents, and is often 
the greatest benefit in decisions about whether to harvest a forest. The gov-
ernment can tax resource rents without adversely affecting private investment 
decisions. However, because the measurement of resource rents is difficult, 
governments must be careful in taxing such rents lest quasi-rents be taxed in-
stead. If quasi-rents are taxed, returns to investors are insufficient to cover fixed 
costs and fewer log trucks and processing plants are built.

4. Finally, the indirect surplus refers to benefits or costs that accrue in 
markets for substitute and/or complementary goods and services. However, in-
direct benefits occur only if price exceeds marginal cost in one of the affected 

Old growth logs

$
SUPPLY

Scarcity rent

Marginal
cost

0

Price

Differential rent

SUPPLY
All human 

inputs 
variable

Fig. 1.2. Scarcity and differential components of resource rent. (Author’s own figure.)
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markets (Boadway and Bruce, 1984, pp. 252–255). Whenever price exceeds 
marginal cost, this implies that society values the good or amenity more than 
it costs to provide it. Hence, if there is an increase in the demand for the good 
so that more of the good or amenity is purchased, there is a benefit given by 
the difference between price (marginal willingness to pay) and marginal cost 
(willingness to accept) for each unit purchased; this occurs until the declining 
marginal willingness to pay equates to a rising marginal cost as more is pro-
duced. Conversely, there is a cost if the opposite is true – demand shifts inward 
and less is bought. Note that there is an indirect benefit only if price exceeds 
marginal cost and individuals are free to increase or decrease the quantity they 
purchase; if not, there is nothing to measure in the market for substitutes or 
complements. Note that, if price equals marginal cost in each of the markets for 
substitutes and complements, there are no indirect effects even if the amount 
purchased changes.

1.2 Outline of Remainder of Book

The purpose of this study is to explain the various models that economists have 
used to study the impacts of trade distortions in global forest products trade 
on commodity availability, price, and wellbeing in various regions. The main 
driver behind much of the modeling effort in the forestry sector has been the 
Canada–U.S. softwood lumber trade dispute. Yet, despite this focus on Canada–
U.S. lumber trade, models have expanded to include many other forest products 
and jurisdictions outside of North America.

Nonetheless, we begin in Chapter 2 by examining the history of the 
Canada–U.S. softwood lumber dispute, which has its origins in the different 
tenure arrangements between the countries – that the degree of public ownership 
of forestlands in Canada is much greater than that in the U.S. Canadian tenure 
arrangements are considered to lead to stumpage prices that are not market 
driven and, therefore, are a potential mechanism for subsidizing downstream 
lumber and other wood product producers. Price setting is opaque because 
prices are determined by fiat. In the U.S. timber from public forestlands is sold 
by auction; but, since more timber originates with private land, U.S. prices are 
essentially set by market forces. Interestingly, while the U.S. Forest Service is 
part of the U.S. Department of Agriculture (USDA), agricultural commodity 
prices are set by Congress – by fiat (Schmitz et al., 2020).

Different approaches for modeling trade in forest products are also dis-
cussed in Chapter 2. Spatial price equilibrium (SPE) trade models are perhaps 
the main tool used to examine the impacts of various trade restrictions on the 
production, consumption, and bilateral trade flows of various forest products, 
as well as effects on prices and wellbeing in various jurisdictions, where well-
being takes into account the consumer and producer surpluses plus any tax rev-
enues and/or policy-induced rents. Following on the welfare measures described 
earlier in this chapter and the brief discussion of modeling approaches in the 
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latter half of Chapter 2, the economic theory underlying the measurement of 
wellbeing across vertically and horizontally chained product markets, and the 
development of SPE trade models, are described in Chapter 3.

Two general approaches have been used to construct SPE models. One ap-
proach is to examine direct bilateral trade flows between regions. This approach 
is used in what we will refer to as the Resource Economics and Policy Analysis 
(REPA) forest products trade model. The REPA trade model originates with the 
University of British Columbia, the University of Victoria, and the Pacific Forest 
Centre of the Canadian Forest Service in Victoria. The REPA SPE model is not 
fixed, in the sense that the model changes as necessary to answer particular 
questions. The structure of the model is such that the number of regions in the 
model is fluid, while the method used to solve the model also varies from one 
application to another. For example, the objective function in the REPA model 
is quadratic, so that it can be solved using a quadratic programming algorithm 
that usually relies on the simplex method. However, if an ad valorem tariff is 
levied by some jurisdiction, then price and quantity need to be determined 
simultaneously, so models are generally solved using a linear mixed comple-
mentarity programming (MCP) algorithm (see Chapter 5, this volume).

In Chapter 4, the basic structure of the multi-region, multi-product trade 
model is described, along with a discussion of how the model can be cali-
brated using positive mathematical programming (Howitt, 1995). Calibration 
allows us to replicate existing bilateral trade flows. Once the model is cali-
brated, it can then be used to analyze policy questions. Several versions of the 
REPA trade model are also discussed, while the General Algebraic Modeling 
System (GAMS) code and data for running these basic models are provided 
in Appendices to the chapter. These models include a version that employs a 
two-stage calibration procedure.

If sufficient data are available, the REPA model can be modified to address 
many policy questions that relate to the forest sector and trade. Therefore, to il-
lustrate the use of the REPA trade model and how it can be modified, it is used to 
investigate several policies related to the Canada–U.S. softwood lumber dis-
pute in Chapter 5. One such policy is the use of a quota rather than an export 
tax or import tariff to restrict trade. In addition to a discussion of these policy op-
tions, further GAMS code and data are provided in the Appendices to Chapter 5.

An alternative approach to constructing an SPE model is found in Chapter 6, 
which discusses the Global Forest Products trade Model (GFPM) that origin-
ated with Joseph Buongoriono at the University of Wisconsin at Madison. 
Rather than examining bilateral trade flows between the various countries in 
the model, GFPM has countries trading with a central exchange, resolving bilat-
eral trade flows after the fact. Note that the model is country-based rather than 
region-based, although trade flows to regions within a country can also be resolved 
ex post. Because of its structure, GFPM does not have the same ‘looseness’ 
of structure as the REPA model – it is an off-the-shelf model that other users 
can use without too much reprogramming. It also handles a much richer set 
of wood product categories. A description of GFPM is provided in Chapter 6, 
while the GFPM 2017 software and latest data are available online at https://
buongiorno.russell.wisc.edu/gfpm/ (accessed September 4, 2020).

https://buongiorno.russell.wisc.edu/gfpm/
https://buongiorno.russell.wisc.edu/gfpm/
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In addition to SPE models, economists have used various types of econo-
metric models to study trade flows, specifically gravity models and a Global 
Vector Autoregressive (GVAR) approach. A gravity model employs the idea 
from physics that (astronomical) bodies are attracted to each other on the basis 
of their mass. Likewise, economies with a higher per capita gross domestic 
product (GDP) attract greater imports than those with less per capita GDP. 
Since tariff and non-tariff barriers are an obstacle to trade, a statistical trade 
model can incorporate these policies as explanatory variables in a regression 
equation along with the gravity regressors. As an illustration of this approach, 
the development of a gravity model for Canada–U.S. trade is described and 
estimated in Chapter 7.

Finally, the GVAR approach employs time series analysis to analyze trade 
flows, and is described in Chapter 8. It has the advantage of relating trade in 
forest products to external factors such as oil prices or GDP. This enables the 
analyst to examine the impact that a shock to oil prices will have on future 
trade. The GVAR approach can also be used to investigate the effect that a 
shock, such as the COVID-19 pandemic, can have on forest product prices. 
Along with the gravity modeling approach, GVAR constitutes an econometric 
approach to the analysis of forest products trade that is rooted in observed 
behavior and is meant to complement the SPE models of Chapters 4 through 6.

One alternative not discussed in this study is the use of computable gen-
eral equilibrium (CGE) approaches. One reason is that the forest sector, 
while important to some economies, is a very small component of the global 
economy, contributing less than 1% to global GDP. Further, and related to this 
point, the data required to construct a global CGE model are not sufficiently 
disaggregated to permit examination of various forest products; rather than 
facilitating investigation of softwood lumber trade, for example, a CGE model 
would enable one to consider the entire forestry sector as one component of 
the model, or, more likely, forestry combined with agriculture. CGE models 
do not permit the detail required to examine individual forest products trade, 
unlike the models considered in the current work. Some discussion of this is 
found in the concluding Chapter 9.
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