
 

 
 

Abstract 
In this article, an extensive litrary review is conducted to examine the competitive state of the woody feedstock market. 
The aim is to review and assess the current state of knowledge relating to the competitive situation on feedstock 
markets, and how this knowledge has been implemented in forest sector models. The results suggests that woody 
markets may be too complex to be adequately described by economic theory. That is, even though the theoretical 
description of the feedstock market suggest that it may be at risk for noncompetitive behavior, the simultaneous and 
continuous decisions made by the market actors may reduce the probability of this outcome. However, studies that 
have found noncompetitive feedstock markets indicate that the degree of market power exerted will vary over time. 
This may signal unstable collusive carell or that forest industries are only able to exert market power over feedstock 
markets during economic recessions. The review also indicates that a majority of forest sector models examined do 
not reflect upon the competitive situation on feedstock markets. However, some exceptions are noted. Finally, an 
alternative description of how to view the competitive situation on forest markets is presented, together with some 
general findings and policies implications.  

Introduction 
The forest sector in many industrialized countries can be characterized by a large amount of independent forest owners 
supplying the market with different types of woody feedstocks (henceforth referred to as producers),1 while the demand 
side is typically highly concentrated and split between a few industry sectors (in future referred to as consumers). 
However, with increasing interest for woody biomass for biofuel production and the transition towards a bioeconomy, 
efficiency improvements will be needed in the forest sector. This requires that producers become more cost efficient 
in supply, providing low-cost feedstock materials in order to make bioproducts competitive with conventional 
alternatives. In addition, consumers need to become more resource efficient, maximizing the usage of the feedstock 
and finding new production chains. Such efficiency improvements will also require prices to be set so as to boost 
feedstock supply, while still allowing consumers to be competitive in their main markets (e.g. pulp production).  
 
The ability of the forest sector to improve its efficiency may, however, be undermined by the market characteristics. 
Due to the bulkiness of the feedstock and high transportation costs, there are limited possibilities for producers to 
access markets that are far away from harvesting area. On the other hand, the consumers have greater possibilities to 
influence the market and may as a consequence obtain market power. This affect the market delineation and creates 
regional or local markets with even smaller number of consumers than what would have been the case on a national 
level.2 This asymmetry in bargaining power can potentially cause quantities and prices to divert from long-run 
equilibrium levels. If this is the case it can have negative effects on the forest market’s ability to operate efficiently, 
and may harm the long-term viability of a bioeconomy. However, this market description is made more complex since 
a high market concentration does not automatically mean that it will operate under imperfect competition (Ronnila and 
Toppinen, 2000).  
 
Contingent on this description of the feedstock market it should be evident that forest sector models should take the 
specific market characteristics in account. However, this is not always the case, as is noted by e.g., Kallio (2001b). 
Thus, our understanding on how noncompetitive aspects affect the forest sector from a system perspective is limited. 
                                                           
1 Note that the assumption of the fragmented supply side is not a universal truth. In certain countries/regions (e.g. Northwestern part 
of the United States), the ownership of the forest is concentrated around a few actors (Lönnstedt, 2007), and most forestland in 
Canada is considered ”crown land” and controlled by provincial governments (Lönnstedt and Sedjo, 2012). Furthermore, Forest 
Owner Associations (FOAs), the voluntary assembly of individual forest owners into a (lose) union to negotiate timber prices, may 
also invalidate the argument of a fragmented supply side.  
2 When woody consumers have market power, feedstock markets can either be characterized as operating under a monopsony or 
oligopsony. While producer sided market power will either entail the feedstock market to be described as a monopoly or oligopoly.  
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This has important implications for policy options and in the transition towards a bioeconomy. Based on this 
description, together with an expected greater dependency on forest feedstocks in the future, a comprehensive review 
and assessment regarding the competitive situation of forest markets is needed. 
 
The aim of the paper is to review and assess the current state of knowledge relating to the competitive situation in 
forest product markets, and how this knowledge has been implemented in forest sector models. Furthermore, the aim 
is also to determine whether the competitive situation in forest product markets is best described as perfect or 
imperfect? This will be accomplished by conducting an extensive literary review.  
 
The review is split into two parts. The first part will conduct a narrative literary review to examine the competitive 
situation in woody feedstock markets and to analyze, assess and synthesize the results. The article search was 
conducted using Scopus, Web of Science, and Google Scholar. Keywords used were: forest, market power, 
competition, failures, structures, oligopsony, condition, measuring, cointegration, and combinations thereof. 
Additional searches were then made based the initial search results. The second part of the review will examine how 
competition and competitive markets has been implemented in forest sector models. This is done by identifying forest 
sector model studies using the same databases. Keywords used were: forest sector model, partial equilibrium model, 
Cournot, imperfectly competitive, forest and combinations of these. Only articles written in English have been included 
in the review and no exclusions due to geographical scope have been done. However, it is noted that a majority of the 
articles included are focusing on the forest sector in the Nordic countries and North America. 
 
The article is organized as following: The next section is the initial part of the review – The competitive situation in 
forest markets – which is split into six sections; The roundwood market, The pulpwood market, The Sawtimber market, 
Backstop markets, Law of one price, and Horizontal and vertical integration. These are in turn split into further 
subsections. This is followed by the second part of the review – How competition is modeled in forest sector models. 
Lastly, the conclusions of this review are presented.  

Results 

Part 1: The competitive situation in forest markets 
Wood markets are generally classified into roundwood, pulpwood and sawtimber markets. Pulpwood and sawtimber 
can be considered as two distinct submarkets of the roundwood market, and the two submarkets are usually assumed 
to be connected to each other through cross-price effects (Brännlund, 1989). These markets can, in turn, be split into 
additional submarkets based on types and/or species. 
 
Furthermore, feedstock can either be bought on a domestic (regional/national) market, and then either as (1) fallen 
timber delivered to road side or as (2) standing timber. Alternatively, (3) feedstock can be purchased on the 
international market or (4) consumers can procure feedstock from their own forestland (Bergman, 1993). Woody 
consumers can choose to consume the procured feedstock straightaway or accumulate a stockpile of woody feedstock 
for later use.  

The notion of imperfect competition on woody feedstock markets 
Mead (1966) argues that wood markets are more regionalized3 and have relative inelastic supply compared to 
conventional markets, which will result in a greater interdependency amongst its consumers. This means that 
consumers have a greater possibility to (directly or indirectly) collude and suppress local prices without substantially 
decrease the total amount of woody feedstock supplied to the market. Since a small change in demand will have a large 
effect on price. As a consequent, woody feedstock markets are to be considered oligopsonistic (Mead, 1966). This 
sentiment is supported by Lowry and Winfrey (1974). However, they argue that the development of spatial 
oligopsonies are caused by economies-of-scale production and high transportation costs for wood consuming 
industries.  
 
It is commonly argued that woody markets are operating under imperfect competition due to the high transportation 
cost of the feedstock (Kumbhakar et al., 2012; Löfgren, 1992; Murray, 1995a, 1995b; Murray and Prestemon, 2003). 

                                                           
3 For instance, Parajuli and Chang (2015) state that 90 percent of all roundwood procured by sawmills in the northern part of the 
United States is supplied by producers within a distance of 30 to 70 miles (approx. 46 to 112 kilometers) of the mill. 



That is to say, the distance between buyers and sellers matters due to the low value to weight ratio of timber (Mead, 
1966; Murray and Prestemon, 2003). However, the argument of high transportation cost is true for most markets in the 
forest sector, but not all feedstock markets are generally assumed to be noncompetitive4. The transportation cost 
argument can rather be used as a possible explanation to why some consumers can continue to behave noncompetitively 
without the risk of being subject to increased competition.  
 
Furthermore, while there is typically free entry into the forest industry sector, the sunk costs associated with entering 
may potentially be too high to entice new actors. This is especially true if expected profits are low. But it is important 
to remember that: “Free entry and exit from a market is not the same as costless entry and exit.” (Murray and 
Prestemon, 2003, p. 156). Were the cost of a new pulp mill can exceed $1 billion (Murray and Prestemon, 2003). 
However, Mead (1966) argues that the only significant entry barrier facing an new consumer is in securing its feedstock 
supply. This is because a new production facility, in addition to the sunk-costs of installation, also has to secure the 
long-term delivery of raw materials or be forced to involuntary shut down operations. 
 
If these arguments hold, there appears to be a clear first-mover advantage since building a mill will deter other 
consumers from entering the specific geographical market/region. Subsequently, an incumbent consumer may be able 
to behave in a noncompetitive manner without the risk of being subject to increased competition. 

Counterbalancing forces: Forest Owners Associations  
Due to the fact that there are a large number of producers, supplying a homogenous good, it is usually assumed that 
independent forest owners are not able to influence market prices. However, woody producers can increase their 
bargaining power if they join together in Forest Owner’s Associations (FOAs). FOAs can be described as a voluntary 
assembly of individual forest owners, but also as a counterweight to any demand sided market power. As a 
consequence, FOAs can potentially invalidate the depiction of oligopsonistic feedstock market (Brännlund, 1988). 
However, if the bargaining power of the FOAs becomes too large they may set feedstock prices away from long-run 
equilibrium levels, thus reducing the social welfare.  
 
However, as noted in e.g., Brännlund (1988), Lönnstedt (2003) and Stordal (2004), the number of forest owners that 
are members in FOAs can vary widely between regions. As a consequence, the bargaining power of the FOA may not 
be evenly distributed across a country. In addition, FOAs are not able to force members to act in the interest of the 
organization. Instead of defining FOAs as single actors they can be viewed as the sum of a large number of independent 
forest owners. Additionally, the amount of feedstock FOAs delivers to the market is the aggregated result of its member 
and not the action of a single entity (Stordal and Baardsen, 2002). However, Brännlund et al. (1985) argues that 
different forest owners can be assumed to behave similarly even if they are facing different economic conditions. This 
is due to the notion that different agents will react in the same way to economic stimuli, and Brännlund (1989) 
maintains that the supply side of the market can be aggregated into a single supply price function. 
 
Stordal (2004) notes that the Norwegian roundwood market has become more concentrated after enacting pro-
competition initiatives in the 1990s.5 The changing market conditions have also made FOAs change their modus 
operandi from acting as a mediator on behalf of its members to become a wholesaler. However, regardless of the high 
market share obtained by FOAs, Stordal (2004) found the Norwegian markets are competitive since imported woody 
feedstock and the presence of (small) independent brokers ensures that FOAs cannot exert market power.  

The roundwood market 
The roundwood market can be described as the aggregated feedstock market. Subsequently, studies presented below 
may assess imperfect competition on the aggregated market as well as the submarkets simultaneously. 

Harvesting behavior 
Two of the main driving forces on the roundwood market is the cost of harvesting and the forest inventory (Brännlund, 
1989). Crabbé and Long (1989) evaluated the rotation period under both monopoly and perfect competition. The 
rotation period is expected to be shorter under a monopoly, resulting in lower volumes and higher prices. However, 
Crabbé and Long found that in the long-run, the rotation period does not depend on the market structure. They argue 

                                                           
4 Noncompetitive in this case refers to the structure of the market and is used synonymously to imperfect competition.  
5 E.g., the abandonment of centralized price negotiation and increased economic exchange with the European Union. 



that the result can be explained by two conditions: (1) forests are uniformly regulated and do not have an alternative 
use, and: (2) in the long-run the forest will have a perfectly elastic supply at a stationary opportunity cost. However, 
the harvesting decision is made more complicated by the notion that precise timber quality and quantity is unknown 
before final felling, likewise is the bidding behavior of different wood consumers. As a consequence, producers are 
operating with imperfect information (Larson and Hardie, 1989). Depending on the cost of acquiring additional 
information, producers may alter their harvesting decisions as supplementary information can either reduce harvesting- 
or sales uncertainties (Larson and Hardie, 1989). 
 
Sun (2006) examined the best management practices (BMP) for the forestry sector in the United States (US) through 
the use of a Muth (1964) equilibrium displacement model. The results suggests that the cost of increased environmental 
regulation will, in the case of imperfect feedstock markets, primarily be borne by end-consumers and loggers rather 
than woody producers or consumers.  
 
While Crabbé and Long (1989) found that the market structure does not affect harvesting decisions in the long-run, it 
is possible that the cross-price effects between the submarkets might be affected the market structure. That is, as the 
pulpwood price increases, thinning becomes more profitable and some forest owners will delay final harvesting and 
instead carry out thinning. The effect of this is to reduce the supply of sawtimber and increase the supply of pulpwood 
(Brännlund et al., 1985). As a consequence, if one submarket is noncompetitive, it will have spill-over on the other. 
The result in Brännlund (1988) shows that an ten percent increase in both sawtimber and pulpwood prices will reduce 
the supply of sawtimber slightly since forest owners can substitute final harvesting for thinning.  

Competitive roundwood markets 
Zafeiriou et al. (2012) used a multivariate VAR model to perform Johansen’s cointegration test and a Granger causality 
test to examine roundwood market in Greece. The results indicate that the roundwood market is well-functioning, even 
though there are three different pricing systems. Zafeiriou et al. (2012) argues that this result is due to increased 
competition and market integration with other European Union (EU) countries. It is also noted that the Greece is not 
self-sufficient and is dependent on imports of roundwood to satisfy market demand. On the other hand, Koutroumanidis 
et al. (2009) used an error correction model (ECM) and a general-to-specific model (GETS), and found some 
indications of asymmetry in price development on the Greek roundwood market, which they claim, may indicate 
market inefficiencies.  
 
Asinas (2001) used a nonparametric model of profit maximization to test roundwood and pulpwood markets in the US. 
However, the results are inconclusive. Depending on the technical change weight, the model indicated perfectly 
competition, oligopsony or monopsony roundwood markets. On the other hand, Asinas (2001) found the US pulpwood 
market to be operating under oligopsony or monopsony market power. In general, the degree of market power was 
found to vary over time, but was shown to be more volatile for the pulpwood market. This finding of fluctuating market 
power is consistent with other market studies, e.g., Kallio (2001a). However, it is in contrast with the general findings 
of Toppinen (1998), whom did not find any clear evidence against the assumption of competitive feedstock markets in 
Finland. Toppinen (1998) argues that this may be due to the losses consumers would face if they shut down production 
due to insufficient feedstock, thus limiting the probability of consumers engaging in noncompetitive behavior. 

Noncompetitive roundwood markets 
In a novel approach to noncompetitive market behavior, Bergman (1992b) examined monopsony price-setting behavior 
using the Couse conjecture for a two-period game. He argues that a monopsony will earn higher profits if it committed 
to monopsony pricing, rather than engaging in short-term price strategies trying to exhaust market supply. If woody 
producers does not believe in the price commitment of the monopsony, they will not supply any feedstock until prices 
are raised, which would reduce the monopsony’s profits. That is, by being dedicated to keeping future roundwood 
prices low, the monopsony will be able to earn greater profits than in the case it engages in sub-game imperfections. 
Furthermore, due to the fact that new feedstock can become available in later periods through growth of existing 
inventory, Bergman (1992b) argues that the monopsony’s bargaining power will be strengthened over time. Producers 
that anticipate that more feedstock will become available in the second period will increase supply in the first period, 
thus lowering the price in the first period but also in the second. As a consequence, woody producers may not be able 
to postpone harvesting to wait for higher timber prices as other forest owners may be willing to sell at current prices 
and may also have new inventory ready for harvesting in later periods. As roundwood is a regenerating good and the 
supply side is assumed to be highly fragmented, the individual producer’s ability to influence timber prices is limited. 



 
If a monopsony faces a stochastic supply market, it must decide whether to maximize profits with regard to price or 
quantity, since they do not necessarily produce equivalent results. Löfgren (1992) argues that under such a market 
situation, spatial quantity discrimination must also be taken into consideration by the consumer. However, Löfgren 
(1992) maintains that a spatial monopsony will only start quantity discrimination after full capacity is realized. The 
probability of the woody consumer having to resort to this is unlikely as the feedstock market has excess demand 
tendencies (Löfgren, 1992).  
 
Kallio (2001b) analyzed the interdependence of different feedstocks and the effect market structure have on the 
composition of the consumer side of market. In the case of imperfect pulpwood markets, sawmills that is operated by 
pulp mill companies will have larger capacity than independent sawmills. This is because woodchips, i.e., residuals 
from sawmilling, can be used as a feedstock by pulp mills. On the other hand, imperfect sawtimber markets will also 
influence the pulp mill sector since noncompetitive sawtimber markets will lead to a reduced demand for sawlogs and 
thus to reduced output of sawnwood. As a consequence, the supply of woodchips will decrease. Based on these results, 
Kallio (2001b) argues that sawtimber prices are a function of both pulpwood- and woodchip prices and must be taken 
into consideration when analyzing market behavior. 

Cost of imperfect roundwood markets  
While imperfect markets may influence harvesting decisions through its impact on feedstock prices, it will primarily 
have a negative effect on social welfare. Brännlund (1989) estimated that between 1979 and 1984, the yearly average 
social loss from monopsonistic behavior was approximately $190 million, while Brännlund (1988) estimated the social 
loss from a monopsonistic pulpwood market to approximately $59.5 million.6  
 
Vargas and Schreiner (1999) used the Oklahoma Regional Computable Equilibrium Model to examine the effects of 
pro-competitive shocks to the states forest sector. The model was modified so the demand side exerted monopsony 
market power, and the results was then compared to a competitive market outcome. Results show that increased 
competition will raise prices, increase feedstock supply, and increase gross state product with an additional $36.9 
million in the short-run and by $88.6 million in the long-run.  
 
Murray (1995b) estimated US pulpwood prices to be 12 percent below perfect competition levels. As a consequence, 
supply of pulpwood was approximately 5 percent lower than competitive levels, forcing consumers to increase harvest 
rates from industry owned forestland. Furthermore, noncompetitive pulpwood prices will also lower sawlog prices by 
3.3 percent and consumption of sawlogs will be 0.9 percent higher than under perfect competition.  
 
Brännlund (1989) analyzed the Swedish pulpwood market and assumed monopsonistic price-setting behavior. The 
results show that increased competition on the pulpwood market will, through cross-price effects, increase the price of 
sawtimber 1.18 fold and that demand of sawtimber will decrease by 0.91 times the noncompetitive level. The price on 
the pulpwood market will, on the other hand, increase 1.78 fold and supply will increase by 1.28 times monopsony 
equilibrium levels.  
 
Gong and Löfgren (2003) estimated the timber supply function by solving the producer’s harvesting problem. That is, 
the parameters of the supply function act as decision variables, and the model provides the coefficients for the short-
run supply function and (indirectly) optimal harvest levels. The authors maintain that the benefit of this approach is 
that it does not depend on (unreliable) empirical timber supply data. Gong and Löfgren then assumed that nonindustrial 
woody producers joined together in a supply monopoly, and the result from this assumption was then compared to a 
competitive market outcome. Using data for the Swedish market, results show that a competitive feedstock market will 
increase supply by 43 percent and decreases prices by 22 percent. In total, Gong and Löfgren estimate that there is a 
24 percent social welfare gain to be made from competitive timber markets.  
 
The implications from these studies are that increasing the competition on one submarket will come at the expense of 
decreased trade on the other market. This is a consequence of the spill-over properties the cross-price effect will have, 
where noncompetitive behavior on one submarket will affect the other. This means that e.g. sawtimber prices will 
indirectly be suppressed by the existence of a monopsonistic pulpwood market, and that sawmills will be able to 
procure more feedstock at lower prices than if the pulpwood market was competitive. As a consequence, Brännlund 
                                                           
6 Estimated using an exchange-rate of 8.4 SEK per $1. The numbers are not adjusted for inflation.  



(1988) argues that a potential effect of a monopsonistic pulpwood market is that the capacity of the pulp mill sector is 
too small while the sawmill sectors capacity becomes too large. This claim is supported by the findings in Kallio 
(2001b). However, as is shown above, there are substantial welfare gain for society to be made from competitive 
feedstock markets.  

The pulpwood market 
It has been claimed that the pulpwood market is operating under imperfect competition due to the market structure, i.e. 
highly concentrated on the demand side, while the supply side is assumed to be fragmented (Brännlund, 1989; Murray 
and Prestemon, 2003; Ronnila, 1995). As a result the market has been described as an oligopsony or regional 
monopsony (Bergman and Brännlund, 1995; Braier et al., 1997; Brännlund, 1988; Murray, 1995a; Olmos and Siry, 
2015). Empirically, imperfect pulpwood markets have been observed in e.g., Finland, where consumers have behaved 
as collusive cartels to suppress feedstock prices (Kallio and Hänninen, 2005; Ronnila, 1995).  
 
Over the last decade, the trend on the pulpwood market is that the number of consumers (i.e. pulp mills) is decreasing 
(Kallio, 2001a; Mutanen and Toppinen, 2007), while at the same time, the production capacity of existing mills has 
increased (Stordal, 2004). This may be due to more efficient production technology, changed end-consumer demand 
for pulp and paper products, mergers and acquisitions, and/or shutdowns due to reduced profitability. However, in 
competitive terms, the trend suggest a strengthening of the pulp mills market power.  

Competitive pulpwood markets 
While it is usually assumed that pulpwood markets are at risk of noncompetitive outcomes, a number of studies have 
not been able to reject the hypothesis of a competitive feedstock market. Bergman (1992a) and Bergman and Nilsson 
(1999) used a conjecture variation model to test market competition, Bernstein (1992) used a dynamic multiple product 
model to assess price margins and the industry capital adjustment, while Ronnila and Toppinen (2000) constructed a 
econometric model based on the works of Bergman and Brännlund (1995). The results in Bernstein (1992) show that 
the Canadian pulp and paper industry appears to be competitive in both feedstock markets and end-product markets. 
Bergman and Nilsson (1999) rejected the hypothesis of market power on the Swedish pulpwood market in three 
different estimations. While Ronnila and Toppinen (2000) found the Finnish pulpwood market to be competitive, but 
that the pulp industry has market power on the woodchip market. The results in Bergman (1992a) are more inconclusive 
since initial testing indicated a competitive market. However, when testing against the alternative hypothesis – that the 
degree of oligopsony power will vary over time – the hypothesis of a competitive market was rejected. That is, the 
result in Bergman (1992a) can be viewed as supporting the notion of a cartelistic pulpwood market, where the degree 
of exerted market power will vary over time. 

Noncompetitive pulpwood markets 
On the other hand, a number of studies have found imperfect market outcomes when assessing the pulpwood market. 
Bergman and Brännlund (1995) and Mei and Sun (2006) used conjecture elasticity tests to examine the pulpwood 
market. Mei and Sun (2008) used an iterative three-stage least squares (I3SLS) approach, while Murray (1995a) 
constructed an economic model and estimate the factor value of marginal product (VMP) through its shadow price. 
Both Bergman and Brännlund (1995) and Murray (1995a) found that the pulp industry have market power but that the 
degree of market power is relative low (i.e. more or less competitive markets) and that the degree of market power 
varies over time. Bergman and Brännlund (1995) claims that the result indicate unstable cartel behavior, which is 
consistent with purchasing cartels that have historically been observed in both Sweden and Finland (Hautamäki et al., 
2012; Nilsson, 2002). Mei and Sun (2006, 2008) found that the paper industry in the US has been able to exert market 
power over the pulpwood market for several decades. Mei and Sun (2006) also highlights the possibility that 
environmental regulations can help to explain why imperfect market outcomes continue to prevail in pulpwood 
markets. They argue that more stringent environmental regulations might have unintended consequences by creating 
entry barriers.  
 
Kallio and Kallio (2002) used a nonparametric production method and data envelope analysis to examine the Finnish 
pulp and paper industry. The authors allowed the industry to exert market power on input and/or output markets, and 
then tested the industry’s short-run profit maximizing behavior. The result suggests that the Finnish pulp and paper 
industry has not always maximized profits, which indicate noncompetitive market behavior. In a study simulating the 
behavior of Finnish pulpwood consumers, Kallio (2001a) found that noncompetitive behavior is only viable during 
economic recessions, while during economic booms, companies will produce at capacity constraint. Feedstock prices 



were found to be between (Cournot) oligopsony and (collusive cartel) monopsony levels during recessions. While in 
a study of the Argentinian pulp industry, the fact that an oligopsony company will only be able to exploit the market 
situation to its fullest if it engages in long-term planning in procurement of woody feedstocks is highlighted by Braier 
et al. (1997). This result is in line with Bergman (1992b) where it was shown that a monopsony has to be committed 
long-term to its price-setting to maximize its profits.  

The sawtimber market 
Compared to the pulpwood market, the sawtimber market is usually characterized as a more competitive feedstock 
market (e.g., Murray and Prestemon, 2003). The demand side is generally assumed to be more densely concentrated 
than on the pulpwood market, and sawmills are on average smaller in size compared to pulp mills (Brännlund, 1988; 
Murray, 1995a; Stordal, 2004). As a consequence, sawtimber consumers are not expected to have the same 
opportunities to engage in noncompetitive behavior. However, due to differences in regional markets, sawtimber 
consumers may be able to exert marker power on local feedstock markets (Kumbhakar et al., 2012).  
 
Murray (1995a) found some historical indications of noncompetitive behavior on the US sawlog market, but that the 
degree of market power was quite small and disappeared over time. However, as the cost of sawlogs constitutes a 
larger share of the total average costs, sawmills are required to be more active on the local timber markets so as to 
secure its long-run feedstock supply.  
 
Stordal and Baardsen (2002) noted that the Norwegian sawmill industry was noncompetitive for approximately eight 
years during the 1980s and early 1990s. However, the current development on the Norwegian sawmill market is that 
of fewer and larger actors on both sides of the market (Stordal and Baardsen, 2002). Since the system of centrally 
negotiated feedstock prices ended in the 1990s, the sawmill industry is not able to influence prices to the same extent 
while the bargaining power of FOAs has remained the same (Stordal and Baardsen, 2002). Regardless of this 
development, results in Stordal (2004) show the Norwegian sawtimber market to be competitive.  
 
Kumbhakar et al. (2012) examined the output market for Norwegian sawmill and found signs of imperfect competition 
for the period of 1974 – 1991. An interesting finding in is that smaller sawmills were able to extract higher mark-ups 
than larger mills. The authors suggests that this is because smaller mills provide more specialized products to a local 
market instead of producing bulk products for export. Furthermore, Kumbhakar et al. (2012) argues that since 
consumers are more active on local sawtimber markets, they also tend to obtain market power over small spatial 
markets. Rodriguez (2004) found the sawn lumber market in Colombia is operating under imperfect competition and 
that sawmills are price-setters rather than price-takers on feedstock markets. Rodriguez (2004) argues that socio-
economic circumstances and poorly defined property rights limit producer’s abilities to affect timber prices. 

Backstop markets  
Since woody feedstock can be purchased on different markets, the question of “where” a consumer acquires its 
feedstock is important to take into consideration as consumers purchasing behavior may influence the market’s ability 
to operate efficiently. This is highlighted by the fact that consumers have been observed to concurrently pay different 
prices for the same good on different spatial markets (Johansson and Löfgren, 1983). When consumers can purchase 
woody feedstock on alternative markets to their ordinary market7, they can be said to have access to a backstop market 
(e.g., Löfgren, 1989). 
 
However, the existence of backstop markets may allow consumers to behave noncompetitively on the ordinary market 
(Johannson and Löfgren, 1985; Löfgren, 1989). This is because procuring feedstock on e.g., the international market 
will cause demand on the ordinary market to fall and as a consequence prices may decrease.8 In addition to purchasing 
feedstock on the open market, consumers are usually assumed to have access to their own forestland, which can be 
defined as an additional backstop market. The ownership of forestland can be viewed as security against running out 
of raw materials, but also as a way of guarding against unexpected price changes and/or as leverage when negotiated 

                                                           
7 An ordinary market is defined as the market the consumer would operate on normally. This is generally the market that is closest 
geographically to the consumer and can be the regional or national woody feedstock market. 
8 This description may not be valid if the market is characterized by supply sided market power, i.e. monopoly or oligopoly. In 
Johannson and Löfgren (1985) it was noted that a strong producer will be able to increase prices if demand falls. That is, producers 
substitute lower quantities for a higher feedstock price so as to sustain profits.  



feedstock prices (Lönnstedt, 2003). It is usually assumed that consumers harvesting behavior is negatively correlated 
with open market supply (Brännlund, 1988).  
 
There are a number of reasons for consumers to operate on different feedstock markets. One reason, highlighted by 
Johansson and Löfgren (1983), is the fact that consumers perceive that they are faced with a bidding constraint as they 
cannot purchase an unlimited amount of woody feedstock on the ordinary market at the prevailing market price. To 
obtain additional feedstock, prices have to be raised. However, raising feedstock prices in one period will force 
consumers to pay the new price for a foreseeable future, as cutting prices may be difficult (Lowry and Winfrey, 1974). 
Furthermore, if consumers believe that they are facing a kinked/backwards bending supply curve on the ordinary 
market, they will never raise prices to increase supply. And as a consequence, the backstop market is used and 
consumers procure additional woody feedstock at prices different from that on the ordinary market (Johansson and 
Löfgren, 1983; Löfgren, 1989). Another explanation is that supply on the ordinary woody market is stochastic in nature 
and thus unknown for consumers beforehand, while supply and prices on the international market are known (Löfgren, 
1989). Due to the fact that there are supply uncertainties on the ordinary market, the level of the consumers’ profit 
depend on which parameter (quantity or price) is maximized as they may not converge to the same outcome (Bergman 
and Löfgren, 1991; Löfgren, 1989).  
 
The connection between backstop markets and market competitiveness is somewhat ambiguous. For instance, it can 
be argued that Hautamäki et al. (2012) implicitly found support for the possibility of backstop market behavior in the 
Finnish roundwood market. They claim that imported feedstock should be viewed as a substitute rather than a 
complement to domestic roundwood. This will have the effect of suppressing domestic roundwood prices, or as stated 
by Hautamäki et al. (2012, p. 437): “When small volumes are imported with a high price, this tends to keep the domestic 
price level at a lower level compared to the case where all the volumes would be procured from domestic markets”. 
However, the notion that the Finnish roundwood market is sensitive to imported feedstock does not automatically mean 
that Finnish consumers will (or can) take advantage of the reduced bargaining power of the supply side. But Bergman 
and Löfgren (1991) argues the mere fact that consumers have access to a backstop market will improve their 
profitability. On the other hand, Bergman and Löfgren (1989, 1991) did not find any support for the claim that backstop 
markets are used to suppress prices in the ordinary market. Rather consumers will choose to operate on multiple 
markets simultaneously as a mean to secure its long-term procurement of woody feedstocks, thus ensuring long-run 
production and profitability.  

Law of one price 
The law of one price (LOP) in its strictest form states that in absence of transportation costs, identical goods should be 
priced the same when calculated into a common currency (e.g., Nagubadi et al., 2001). While if the difference in price 
between spatial markets is equal to their transaction cost, the price is said to follow the weak version of LOP (Karikallio 
et al., 2011). When different spatial markets have different prices for the same good, there are arbitrage opportunities 
as trade is profitable. Under such circumstances, trading will take place until market prices are equal or until the 
difference in price is equal to the transaction cost between the markets (Jaunky and Lundmark, 2015; Mutanen and 
Toppinen, 2007).  
 
When the LOP holds, markets are said to be integrated and there are no arbitrage opportunities (Murray and Prestemon, 
2003; Nagubadi et al., 2001). It can also be argued that integrated markets constitute a single common market rather 
than a number of different segments (Jaunky and Lundmark, 2015; Thorsen, 1998). However, nonintegrated markets 
may indicate spatial imperfections, since “… segmented markets are less likely to be perfectly competitive and 
therefore may be subject to inefficiency.” (Toppinen and Toivonen, 1998, p. 244). That is, if trade in woody feedstock 
is more regional in character, spatial oligopsonies may emerge causing suboptimal resource allocation (e.g., Yin et al., 
2002). Under such circumstances, LOP will not hold as prices will develop nonparallel to each other (e.g., Buongiorno 
and Lu, 1989). Furthermore, non-integration may also allow consumers to absorb extra profits due to changes in end-
good price/exchange rate, which are not passed-through to producers (Baharumshah and Habibullah, 1995). Zhou and 
Buongiorno (2005) found this development between the price of pulp and paper and the price of pulpwood in the 
Southern parts of the US, were changes in end-product prices was not passed-through to the feedstock market. Zhou 
and Buongiorno (2005) argues that the lack of cohesion between prices may suggest noncompetitive feedstock markets. 
On the other hand, Ning and Sun (2014) found a strong relationship between sawtimber and lumber prices. As a result, 
integration analysis may provide important information regarding the competitive situation of the market and highlight 
whether there are welfare gains to be made (Thorsen, 1998). 
  



However, an integrated market is not a sufficient condition for a competitive equilibrium, nor does it imply efficient 
allocation of the feedstock (Toivonen et al., 2002; Toppinen and Toivonen, 1998). In addition, similar price 
development on different spatial markets is a necessary but not sufficient condition for markets to be considered 
integrated, since price correlation does not automatically entail that there is a profound relationship between the 
markets (Murray and Prestemon, 2003; Niquidet and Manley, 2008; Uri and Boyd, 1990). As a consequence, it is not 
possible to draw definitive conclusions regarding the competitive situation on a market based on price movements 
alone (Toivonen et al., 2002).  
 
The results relating to whether feedstock markets are integrated (LOP holds) are somewhat ambiguous as there are no 
definitive conclusions. A number of studies that have (more or less) found uniform support for the concept of spatially 
integrated woody markets, e.g., Jung and Doroodian (1994), suggesting that feedstock markets are competitive. At the 
same time, other studies have systematic found no support for the notion that woody feedstock markets are integrated, 
e.g., Daniels (2011), which may imply imperfect competition. A somewhat more expected and nuanced result is that 
of partially integrated markets, e.g., Niquidet and Manley (2008, 2011). That is to say, in a specific region, some 
feedstock markets are integrated with other spatial markets, and others markets are not. This result allows for the notion 
that different spatial regions may have differences in which markets that are integrated/nonintegrated (i.e. 
competitive/noncompetitive).   
 
A general result appear to be that the degree of market integration decreases as the distance between markets becomes 
greater (Bingham et al., 2003; Nagubadi et al., 2001; Prestemon and Holmes, 2000; Yin et al., 2002). This may be due 
to the bulkiness and high transportation costs associated with the feedstock, which can cause market prices to not 
balance even though traders can engage in arbitrage. In addition, it is important to remember that the results of LOP 
studies are dependent on which level of the feedstock market that is examined. This is because even submarkets (e.g. 
pulpwood) may be too aggregated to adequately describe the flow of trade.  
 
It is worth highlighting that far from all LOP studies examine or even discuss the competitive situation on the feedstock 
market. As noted above, while nonintegrated markets may imply imperfect market behavior, no definitive conclusions 
in that regard should be made based on price movements alone. As a consequence, it can be argued that LOP studies 
should mainly be used to obtain general insight relating to the market characteristics of the forest sector rather than 
trying to make grand discoveries in that regard.  

Horizontal and vertical integration  
Mead (1966) claims that the only significant barrier facing a wood consumer is in securing its long-run delivery of 
woody feedstock. However, a consumer’s decision to enter or expand operation on noncompetitive feedstock market 
will have an effect on the feedstock price, where increased demand will raise prices. As a consequence, consumers that 
want to increase the size of their operations without affecting feedstock prices can either choose to merger and acquire 
other firms (i.e. horizontal integration), or by diversifying and internalize the procurement of feedstock by acquiring 
forestland (i.e. vertical integration). Regardless of whether consumers integrate horizontally or vertically, the effects 
will arguably be the same, which is to increase their bargaining power. 
 
By integrating horizontally, a consumer can increase its market share without engaging in strategic price behavior 
which may end up raising feedstock prices and thus lowering profits (Ronnila, 1995). The result of the consumer’s 
increased market share may be that it acquires market power over the feedstock market, which can manifest itself in 
different ways. A consumer with market power can, for instance, suppress feedstock prices, but also limit the ability 
for other consumers to operate and create entry barriers (Diamond et al., 1999). On the other hand, horizontally 
integrating different types of industries (e.g., pulp mill and sawmill) into a single wood consuming entity may aid in 
the allocation of woody feedstock by internalizing trade, thus reduce transaction costs in acquiring feedstock (Kallio, 
2001b).  
 
If feedstock markets are operating under imperfect competition, supply will be reduced, forcing internal production of 
raw materials to increase, and in total, net consumption of woody feedstock will be reduced (Murray, 1995b). Thus, to 
acquire additional feedstock a consumer has to raise prices. However, if the supply curve is relatively inelastic, only a 
small amount of additional feedstock will be supplied when prices are raised (Lönnstedt, 2003; Murray, 1995b). As a 
consequence, when markets are noncompetitive, there is an incentive for the consumers to supply additional feedstock 
from their own forestland, even at costs above prevailing market prices (Lowry and Winfrey, 1974; Murray, 1995b). 



On the other hand, there are not clear motives for consumers to integrate vertically when markets are perfectly 
competitive, as the market will operate efficiently and prices are equal to marginal cost.  
 
The results in Lönnstedt (2003, 2007), Lönnstedt and Sedjo (2012), Schmelzle and Flesher (1991) and Murray (1995b) 
all indicate that consumers integrate vertically mainly due to supply concerns, whereas by owning forestland, 
consumers can reduce the probability of running out of feedstock. Lönnstedt (2003, 2007) also notes that consumers 
view vertical integration as a way to increase (or retain) their bargaining power.9 
 
A connection between forestland ownership and profitability was found by Y. Li and Zhang (2014), who used a three-
stage least square model to examine economic performances of US forest sector firms. Li and Zhang found that 
forestland ownership has a positive effect on the consumer’s profitability and capacity to handle uncertainty. However, 
they also highlight that due to discouraging taxation and accounting practices in the US, vertically integrated consumers 
opt to sell some of their forestland to timber investment management organizations (TIMOs), or convert their 
commercial undertaking and become real estate investment trusts (REITs). That is, the increased profitability from 
forestland ownership is outweighed by the potential tax-advantage TIMOs and REITs may provide.  

Part 2: How competition is modeled in forest sector models 
A forest sector models (FSM) can be defined as “a model […] which takes into account both forestry and forest 
industries and the interaction between these two activities” (as cited by Latta et al., 2013, p. 351).10 Where the 
advantage of using FSMs is that researchers can analyze, explain and forecast developments on different markets and 
for different actors (Northway et al., 2013).11 However, as is noted by Toppinen and Kuuluvainen (2010), the 
effectiveness of FSMs predicting power rely on the model being correctly specified, both regarding production 
technology and the economical behavior of its agents. Hautamäki et al. (2012), on the other hand, argues that economic 
models in general are based on strong assumptions and generalizations to avoid complexity. These assumptions, e.g., 
perfect competition, are made regardless of whether they are supported empirically or not. However, incorrect model 
specification and assumptions may provide misleading results. 
 
FSM are generally implemented as partial equilibrium models (Northway et al., 2013; Turner and Buongiorno, 2013). 
More lately, spatial dimensions have been included in FSMs using partial equilibrium models (e.g., Bolkesjø et al., 
2006; Kallio et al., 2008). However, it was Gilless and Boungiorno (1987), Kallio et al. (1987) and Zhang et al. (1997) 
who pioneered the development of modern FSM and created the model methodology which a majority of succeeding 
modellers since have used (Toppinen and Kuuluvainen, 2010). As a consequence, quantities, supply and prices are 
given endogenously, and behavior is built upon the assumption of rational profit/utility maximizing agents (Latta et 
al., 2013). Markets are generally assumed to be operating under perfect competition, which is either stated explicitly 
(e.g., Bolkesjø, 2005) or implicitly (e.g., Zhu et al., 2001). 
 
The review show that there are a number of models that do not touch upon the concept of competition, and just assumes 
perfect competition, e.g., Ankarhem (2005); Caurla et al. (2015); Hu et al. (2015); Kallio (2010); Kangas et al. (2011); 
R. Li et al. (2008); Moiseyev et al. (2013); Schwarzbauer and Rametsteiner (2001); Sjølie et al. (2011); Trømborg et 
al. (2013).12 In general the notion of competition is not discussed at length in FSM studies. One exception is Adams 
and Haynes (2007), who argues that the US timber market is characterized by little public regulations, which allow 
prices and quantities to fluctuate freely. As a consequence, Adams and Haynes claim that feedstock markets are 
competitive, thus justifying the assumption of perfect competition for US FSM. On the other hand, both Buongiorno 
and Zhu (2015) and Solberg et al. (2010) acknowledges that not all markets and/or actors behave competitively. 
Buongiorno and Zhu (2015) argue that further research is needed regarding industry’s manufacturing cost. While 
                                                           
9 Since the pulp industry can use recycled fibers to an great extent (Lönnstedt and Sedjo, 2012), it is possible to argue that this shift 
in production technology will increase the sectors bargaining power and thus put downwards pressure on woody prices (Mei and 
Sun, 2008). However, Lönnstedt and Sedjo (2012) highlight that a future bioeconomy could inflate global demand (and prices) for 
woody feedstock and thus reduce market power for the pulp industry.  
10 While many of the studies reviewed in “The competitive situation in forest markets” that may fit this definition, only studies that 
are explicitly defined as FSM will be presented in the following section. 
11 Note: this review is focusing on how FSM have handled the notion of competition. For a more extensive review of FSM at large 
see e.g., Buongiorno (1996); Hurmekoski and Hetemäki (2013); Latta et al. (2013); Toppinen and Kuuluvainen (2010).  
12 It is worth highlighting that the French Forest Sector Model (FFSM) used by Caurla et al. (2015) is operating under the assumption 
that domestic and imported feedstock are imperfect substitutes, based on the works of Armington (1969). This assumption may 
have implications on the competitive situation on feedstock markets. See result in e.g., Hautamäki et al. (2012) for comparison.  



Solberg et al. (2010) maintains that some feedstock producers (in their case Russian Federation) should be 
characterized as operating a monopoly. 
 
In one of few imperfect competition FSM studies, Ronnila (1995) used the Finish SF-GTM model to analyze the 
Finnish paper industry. The sector was assumed to be operating under a quantity setting Cournot oligopoly, which was 
then compared to a base scenario (i.e. perfect competition). In addition, effects of horizontal integration, i.e. mergers 
of paper producing firms, was also examined. Under imperfect competition, woody feedstock demand was shown to 
decline by approximately 1 million m3 and prices fell between 3-9 percent depending on wood species. Results also 
show that capital investment decisions are sensitive with respect to the prevailing market structure, since imperfect 
competition will influence prices. That is, if one consumer increases its production capacity (i.e. invests in more 
capital), thus increasing its demand for woody feedstock, other consumers will alter their consumption behavior and 
prices will change. As a consequence, if the investment decision was based on the initial price levels, changing 
feedstock prices may invalidate the decision to invest in new capital. This relationship was also shown for merging 
paper producers, as any attempt to dominate the market (post-merge) will lead to a response from competing paper 
producers, which may lower the merging firm’s profits.  
 
Two other works which have defined there model as FSM and used noncompetitive feedstock markets are Kallio 
(2001b)13 and Geijer et al. (2014). In Geijer et al. (2014) a modified Ankarhem model14 is used were the pulp industry 
exerts market power on feedstock markets, while sawmill and heating industries are operating under perfect 
competition. The model is then linked with an ecological habitat model showing the presents of wood-dwelling beetles 
in the northern part of Sweden. The results in Geijer et al. (2014) highlights the complexity and sometimes conflicting 
policy goals implemented by governments, as increased utilization of woody feedstocks to produce bioproducts will 
have an negative effect on environmental objectives. However, the consequences of noncompetitive markets were not 
examined in any length. 

Conclusions 
The aim of the paper is to examine the current state of knowledge relating to the competitive situation in forest product 
markets, and how competition has been implemented in FSM. The intention is also to answer whether the competitive 
state in forest product markets is best described as perfect or imperfect.  
 
The results of the review suggests that woody markets may be too complex to be adequately described by economic 
theory. That is, even though the theoretical description of the feedstock market suggest that it may be at risk for 
noncompetitive behavior, the simultaneous and continuous decisions made by the market actors may reduce the 
probability of this outcome. This may in turn be connected to the large losses consumers would experience from 
running out of woody feedstock, thus diminishing the probability of consumers engaging in noncompetitive behavior. 
Furthermore, the review indicates that no conclusive answers can be given regarding the competitive state of forest 
product markets at large, since similar studies have reached conflicting results. Traditionally, it has been argued that 
pulpwood markets are noncompetitive, while sawtimber markets are competitive. However, an alternative description 
is that aggregated (i.e., national/international) feedstock markets are operating close to perfect competition, while 
disaggregated (i.e., regional/local) markets are, to greater extent, subject to noncompetitive behavior since consumers 
can exert spatial market power and influence local feedstock prices. This explanation may be more suitable than the 
traditional assumption as it allows for greater flexibility in modelling and fits empirical evidence. This argument also 
highlights the need for detail spatial studies, as competitive situations may differ between regions rather than between 
industry sectors.  
 
However, studies that found noncompetitive market outcomes indicate that the degree of market power exerted will 
vary over time. Some argue that this may indicate an unstable purchasing cartel, while Kallio (2001a) argues that 
consumers will only be able to utilize their market power during economic recessions, since they will not be operating 
at full capacity during this period. Finally, the effects of high transport cost of timber has been shown thoughout this 
review and is an important factor to take into consideration when examining the competitive state on forest product 
markets. This is a consequence of the low value to weight ratio of timber which cause transportation costs to directly 
influence the degree of integration between different spatial markets.  
 
                                                           
13 Note that this article is reviewed in detail in Noncompetitive roundwood markets. 
14 Ankarhem defines the model as a partial adjustment model. 



The review also indicates that a majority of the FSM examined do not reflect upon the competitive situation on 
feedstock markets. These models are in general built upon pre-existing methodology which assumes prefect 
competition. As a consequence, our understanding on how noncompetitive aspects affect the forest sector from a 
system standpoint continues to be somewhat limited. An exception is however the work of Ronnila (1995), whom 
showed the effects of a oligopsonistic feedstock market and the potential efficiency gains the system can make from 
increased competition.  
 
The general findings from this review suggests that competition authorities should pay more attention to feedstock 
markets during economic recessions, i.e., periods when noncompetitive behavior is expected to be more prevalent. But 
also that reducing the transportation cost of the feedstock through increased investments in infrastructure and/or 
smarter transportation solutions will increasing market integration and diminishing the potential for spatial 
oligopsonies to emerge. From a bioenergy perspective, additional research is needed to examine the competitive state 
of harvesting residuals and stump markets, forest products that are primarily used in production of biofuels. Combined 
heating and power (CHP) plants that use woody biomass as feedstock may constitute a natural spatial monopsony in 
many regions. However, the consequence of the cross-price effect of pulpwood and sawtimber should also be 
examined, since it may influence the CHP’s ability to fully control the forest residuals market. Furthermore, the 
implementation of large-scale plants producing different types of biofuels from woody biomass can potentially reduce 
any forms of systematic market imperfections and push all forest product markets, aggregated or disaggregated, closer 
to perfect competition. It should be possible to conduct a study using a FSM approach to examine the implications 
from increased utilization of woody feedstock, increased production of biofuels, and the effects such a development 
have on the competitive state of the forest sector at large. 
 
Since greater dependency on the forest sector is expected in the future, the question of whether feedstock markets are 
competitive should not be left down to model assumptions made by convenience. Rather, the question should be taken 
into consideration when constructing economic models, as incorrectly specified models may lead to misleading 
descriptions relating to the future of the forest sector and a future bioeconomy.  

References 
Adams, D. M., & Haynes, W. R. (2007). The Challenge of Developing Models to Support Forest Sector Policy 

Analysis. In D. M. Adams & W. R. Haynes (Eds.), Resource and Market Projections for Forest Policy 
Development: Twenty-five Years of Experience with the US RPA Timber Assessment (Vol. 14). Dordrecht: 
Springer. 

Ankarhem, M. (2005). Effects of Increased Demand for Biofuels: A Dynamic Model of the Swedish Forest Sector. 
Department of Economics. Umeå University.  

Armington, P. S. (1969). A Theory of Demand for Products Distinguished by Place of Production. IMF Staff Papers, 
16(1), 159.  

Asinas, E. R. (2001). Exploring the Market Behavior of the U.S. forest product industry. (Doctor of Philosophy), Texas 
A&M University.    

Baharumshah, A. Z., & Habibullah, M. S. (1995). Testing the Law of One Price on Exports of Tropical Forest Products: 
A Co-integration Approach (Vol. 3, pp. 163-172). Pertanika Journal of Social Science and Humanities: 
Universiti Putra Malaysia Press, 1995. 

Bergman, M. A. (1992a). Measuring oligopsony power : an application to the Swedish pulp and paper industry. Umeå: 
Umeå : Umeå univ. 

Bergman, M. A. (1992b). Natural Resource Monopsony in a Two-Period Model. Umeå Economic Studies No. 266.  
Bergman, M. A. (1993). Market structure and market power : the case of the Swedish forest sector.  
Bergman, M. A., & Brännlund, R. (1995). Measuring Oligopsony Power: An Application to the Swedish Pulp and 

Paper Industry, 307. 
Bergman, M. A., & Löfgren, K.-G. (1989). Firm behavior under stochastic input supply: University of Umeå. 
Bergman, M. A., & Löfgren, K.-G. (1991). Supply Risk Management Under Imperfect Competition --Empirical 

Applications to the Swedish Pulp and Paper Industry. Empirical Economics, 16(4), 447-464.  
Bergman, M. A., & Nilsson, M. (1999). Imports of Pulpwood and Price Discrimination: A test of Buying Power in the 

Swedish Pulpwood market. Journal of Forest Economics, 5(3), 365 - 385.  
Bernstein, J. I. (1992). Price margins and capital adjustment : Canadian mill products and pulp and paper industries. 

International Journal of Industrial Organization(3), 491.  



Bingham, M. F., Prestemon, J. P., MacNair, D. J., Abt, R. C., & Bingham, M. F. (2003). Market structure in U. S. 
southern pine roundwood. Journal of Forest Economics, 9(2), 97-117. doi:http://dx.doi.org/10.1078/1104-
6899-00025 

Bolkesjø, T. F. (2005). Projecting pulpwood prices under different assumptions on future capacities in the pulp and 
paper industry. Silva Fennica(2005).  

Bolkesjø, T. F., Solberg, B., & Trømborg, E. (2006). Bioenergy from the forest sector: Economic potential and 
interactions with timber and forest products markets in Norway. Scandinavian Journal of Forest Research, 
21(2), 175-185. doi:10.1080/02827580600591216 

Braier, G. D., Nautiyal, J. C., & Kant, S. (1997). Identification of the economically efficient sources of wood for a 
large pulp mill in Argentina. INFOR, 35(1), 15-36.  

Brännlund, R. (1988). The Swedish roundwood market - An econometric analysis. (82), Swedish University of 
Agricultural Sciences - Department of Economics, Rapport.  edshtl database.  

Brännlund, R. (1989). The Social Loss from Imperfect Competition--The Case of the Swedish Pulpwood Market. 
Scandinavian Journal of Economics, 91(4), 689.  

Brännlund, R., Johansson, P.-O., & Löfgren, K. G. (1985). An econometric analysis of aggregate sawtimber and 
pulpwood supply in Sweden. Forest science (USA)(3), 595.  

Buongiorno, J. (1996). Forest sector modeling: A synthesis of econometrics, mathematical programming, and system 
dynamics methods. International Journal of Forecasting, 12(3), 329-343. doi:10.1016/0169-2070(96)00668-
1 

Buongiorno, J., & Lu, H. C. (1989). Effects of costs, demand, and labor productivity on the prices of forest products 
in the United States, 1958-1984. Forest science (USA)(2), 349.  

Buongiorno, J., & Zhu, S. (2015). Technical change in forest sector models: the global forest products model approach. 
Scandinavian Journal of Forest Research, 30(1), 30-48. doi:10.1080/02827581.2014.957238 

Caurla, S., Garcia, S., & Niedzwiedz, A. (2015). Store or export? An economic evaluation of financial compensation 
to forest sector after windstorm. The case of Hurricane Klaus. Forest Policy and Economics, 61, 30-38. 
doi:10.1016/j.forpol.2015.06.005 

Crabbé, P. J., & Long, N. V. (1989). Optimal forest rotation under monopoly and competition. Journal of 
Environmental Economics and Management, 17(1), 54-65. doi:http://dx.doi.org/10.1016/0095-
0696(89)90036-3 

Daniels, J. M. (2011). Stumpage market integration in western national forests. USDA Forest Service - Research Paper 
PNW-RP(586), 1-27.  

Diamond, J., Chappelle, D. E., & Edwards, J. D. (1999). Mergers and Acquisitions in the Forest Products Industry. 
Forest Products Journal, 49(4), 24.  

Geijer, E., Andersson, J., Bostedt, G., Brännlund, R., & Hjältén, J. (2014). Safeguarding species richness vs. increasing 
the use of renewable energy—The effect of stump harvesting on two environmental goals. Journal of Forest 
Economics, 20, 111-125. doi:10.1016/j.jfe.2014.01.001 

Gilless, J. K., & Boungiorno, J. (1987). PAPYRUS: a model of the North American Pulp and Paper Industry. Forest 
science. Monograph (USA)(28).  

Gong, P., & Löfgren, K. G. (2003). Timber Supply Under Demand Uncertainty: Welfare gains from perfect 
competition with rational expectations. Natural Resource Modeling, 16(1), 69-97.  

Hautamäki, S., Mutanen, A., & Viitanen, J. (2012). Substitution in the Finnish forest industry's roundwood 
procurement. Silva Fennica, 46(3), 425-440.  

Hu, Y., Perez-Garcia, J., Robbins, A., Liu, Y., & Liu, F. (2015). China's role in the global forest sector: how will the 
US recovery and a diminished Chinese demand influence global wood markets? Scandinavian Journal of 
Forest Research(1).  

Hurmekoski, E., & Hetemäki, L. (2013). Review: Studying the future of the forest sector: Review and implications for 
long-term outlook studies. Forest Policy and Economics, 34, 17-29. doi:10.1016/j.forpol.2013.05.005 

Jaunky, V. C., & Lundmark, R. (2015). Dynamics of timber market integration in Sweden. Forests, 6(12), 4617-4633. 
doi:10.3390/f6124391 

Johannson, P.-O., & Löfgren, K.-G. (1985). A Bargaining Approach to the Modeling of the Swedish Roundwood 
Market. Land Economics, 61(1), 65-75. doi:10.2307/3146141 

Johansson, P.-O., & Löfgren, K. G. (1983). Monopsony, Conjectural Equilibria, and the Swedish Roundwood Market. 
Forest Science, 29(3), 439-449.  

Jung, C., & Doroodian, K. (1994). The law of one price for U.S. softwood lumber: a multivariate cointegration test. 
Forest Science.  

http://dx.doi.org/10.1078/1104-6899-00025
http://dx.doi.org/10.1078/1104-6899-00025
http://dx.doi.org/10.1016/0095-0696(89)90036-3
http://dx.doi.org/10.1016/0095-0696(89)90036-3


Kallio, A. M. I. (2001a). Analysing the Finnish pulpwood market under alternative hypotheses of competition. 
Canadian Journal of Forest Research-Revue Canadienne De Recherche Forestiere, 31(2), 236-245. 
doi:10.1139/cjfr-31-2-236 

Kallio, A. M. I. (2001b). Interdependence of the sawlog, pulpwood and sawmill chip markets: an oligopsony model 
with an application to Finland. Silva Fennica, 35(2), 229-243. doi:10.14214/sf.598 

Kallio, A. M. I. (2010). Accounting for uncertainty in a forest sector model using Monte Carlo simulation. Forest 
Policy and Economics, 12, 9-16. doi:10.1016/j.forpol.2009.09.014 

Kallio, A. M. I., Dykstra, D. P., & Binkley, C. S. (1987). The global forest sector: an analytical perspective. Article. 
International Inst. for Applied Systems Analysis, Laxenburg. Chichester (UK) Wiley. Retrieved from 
http://proxy.lib.ltu.se/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=edsagr&AN=edsag
r.XF2015034296&lang=sv&site=eds-live&scope=site 

Kallio, A. M. I., & Hänninen, R. (2005). Nonparametric tests for profit maximization with incomplete data: Application 
to the pulp and fine paper production in Finland. Forest Science, 51(1), 19-28.  

Kallio, A. M. I., Hänninen, R., Vainikainen, N., & Luque, S. (2008). Biodiversity value and the optimal location of 
forest conservation sites in Southern Finland. Ecological Economics, 67, 232-243. 
doi:10.1016/j.ecolecon.2008.05.005 

Kallio, A. M. I., & Kallio, M. (2002). Nonparametric methods for evaluating economic efficiency and imperfect 
competition. Journal of Productivity Analysis, 18(k2), 171-189. doi:10.1023/a:1016590406678 

Kangas, H.-L., Lintunen, J., Pohjola, J., Hetemäki, L., & Uusivuori, J. (2011). Investments into forest biorefineries 
under different price and policy structures. Energy Economics, 33, 1165-1176. 
doi:10.1016/j.eneco.2011.04.008 

Karikallio, H., Maki-Franti, P., & Suhonen, N. (2011). Competition in the global pulp and paper industries – An 
evaluation based on three approaches. Journal of Forest Economics, 17(1), 91-104. 
doi:http://dx.doi.org/10.1016/j.jfe.2010.09.004 

Koutroumanidis, T., Zafeiriou, E., & Arabatzis, G. (2009). Asymmetry in price transmission between the producer and 
the consumer prices in the wood sector and the role of imports: The case of Greece. Forest Policy and 
Economics, 11, 59-64. doi:10.1016/j.forpol.2008.09.002 

Kumbhakar, S., Baardsen, S., & Lien, G. (2012). A New Method for Estimating Market Power with an Application to 
Norwegian Sawmilling. Review of Industrial Organization, 40(2), 109.  

Larson, D. M., & Hardie, I. W. (1989). Seller Behavior in Stumpage Markets with Imperfect Information. Land 
Economics, 65(3), 239-253. doi:10.2307/3146669 

Latta, G. S., Sjolie, H. K., & Solberg, B. (2013). A review of recent developments and applications of partial 
equilibrium models of the forest sector. Journal of Forest Economics, 19, 350-360. 
doi:10.1016/j.jfe.2013.06.006 

Li, R., Buongiorno, J., Turner, J. A., Zhu, S., & Prestemon, J. (2008). Long-term effects of eliminating illegal logging 
on the world forest industries, trade, and inventory. Forest Policy and Economics, 10, 480-490. 
doi:10.1016/j.forpol.2008.04.003 

Li, Y., & Zhang, D. (2014). Industrial Timberland Ownership and Financial Performance of US Forest Products 
Companies. Forest Science, 60(3), 10. doi:10.5849/forsci.12-145 

Lowry, S. T., & Winfrey, J. C. (1974). The Kinked Cost Curve and the Dual Resource Base under Oligopsony in the 
Pulp and Paper Industry, 185. 

Löfgren, K.-G. (1989). Buying and Selling Behavior in Stochastic Environments with Backstop Markets, 87. 
Löfgren, K.-G. (1992). Spatial monopsony and monopoly pricing in a stochastic environment. Journal of Regional 

Science, 32(2), 155.  
Lönnstedt, L. (2003). Backward vertical integration in the Swedish forest sector - six case studies. 
Lönnstedt, L. (2007). Industrial timberland ownership in the USA: Arguments based on case studies. Silva Fennica, 

41(2), 379-391. doi:10.14214/sf.303 
Lönnstedt, L., & Sedjo, R. A. (2012). Forestland ownership changes in the United States and Sweden. Forest Policy 

and Economics, 14(1), 19-27. doi:http://dx.doi.org/10.1016/j.forpol.2011.08.004 
Mead, W. J. (1966). Competition and oligopsony in the Douglas fir lumber industry. Berkeley: Berkeley, University 

of California Press. 
Mei, B., & Sun, C. (2006). Measuring oligopsony and oligopoly power in the US paper industry. Global Change and 

Forestry: Economic and Policy Implications, 35, 36-38.  
Mei, B., & Sun, C. (2008). Assessing Time-Varying Oligopoly and Oligopsony Power in the U.S. Paper Industry. 

Journal of Agricultural and Applied Economics, 40(03), 927-939. doi:doi:10.1017/S107407080000242X 

http://proxy.lib.ltu.se/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=edsagr&AN=edsagr.XF2015034296&lang=sv&site=eds-live&scope=site
http://proxy.lib.ltu.se/login?url=http://search.ebscohost.com/login.aspx?direct=true&db=edsagr&AN=edsagr.XF2015034296&lang=sv&site=eds-live&scope=site
http://dx.doi.org/10.1016/j.jfe.2010.09.004
http://dx.doi.org/10.1016/j.forpol.2011.08.004


Moiseyev, A., Solberg, B., & Kallio, A. M. I. (2013). Wood biomass use for energy in Europe under different 
assumptions of coal, gas and CO2 emission prices and market conditions. Journal of Forest Economics, 19, 
432-449. doi:10.1016/j.jfe.2013.10.001 

Murray, B. C. (1995a). Measuring Oligopsony Power with Shadow Prices - Us Markets for Pulpwood and Sawlogs. 
Review of Economics and Statistics, 77(3), 486-498. doi:Doi 10.2307/2109909 

Murray, B. C. (1995b). Oligopsony, vertical integration, and output substitution: Welfare effects in U.S. pulpwood 
markets. Land Economics, 71(2), 193.  

Murray, B. C., & Prestemon, J. P. (2003). Structure and Efficiency of Timber Markets. In E. O. Sills & K. L. Abt 
(Eds.), Forest in a Market Economy (Vol. 72, pp. 152-176): Springer-Science+Business Media, B.V. 

Mutanen, A., & Toppinen, A. (2007). Price dynamics in the Russian-Finnish roundwood trade. Scandinavian Journal 
of Forest Research, 22(1), 71-80. doi:10.1080/02827580601138207 

Muth, R. F. (1964). The Derived Demand Curve for a Productive Factor and the Industry Supply Curve, 221. 
Nagubadi, V., Munn, I. A., & Tahai, A. (2001). Integration of Hardwood Stumpage Markets in the Southcentral United 

States. Journal of Forest Economics, 7(1), 69-98. 
doi:http://www.sciencedirect.com/science/journal/11046899 

Nilsson, M. (2002). An inquiry into the changing pattern of pulpwood harvests in Sweden. Forestry, 75(3), 245-255. 
doi:10.1093/forestry/75.3.245 

Ning, Z., & Sun, C. (2014). Vertical price transmission in timber and lumber markets. Journal of Forest Economics, 
20(1), 17-32. doi:http://dx.doi.org/10.1016/j.jfe.2013.07.002 

Niquidet, K., & Manley, B. (2008). Regional log market integration in New Zealand. New Zealand Journal of Forestry 
Science, 38(2-3), 335-352.  

Niquidet, K., & Manley, B. (2011). Testing for Nonlinear Spatial Integration in Roundwood Markets. Forest Science, 
57(4), 8.  

Northway, S., Bull, G. Q., & Nelson, J. D. (2013). Forest sector partial equilibrium models: Processing components. 
Forest Science, 59(2), 151-156. doi:10.5849/forsci.11-156 

Olmos, V. M., & Siry, J. (2015). Global pulpwood markets and the law of one price. Mathematical & Computational 
Forestry & Natural Resource Sciences, 7(1), 16.  

Parajuli, R., & Chang, S. J. (2015). The Softwood Sawtimber Stumpage Market in Louisiana: Market Dynamics, 
Structural Break, and Vector Error Correction Model. Forest Science, 61(5), 904-913.  

Prestemon, J. P., & Holmes, T. P. (2000). Timber Price Dynamics Following a Natural Catastrophe, 145. 
Rodriguez, S. (2004). Estimation of Imperfection in the Market for Timber products form South Pacific cost of 

Colombia. (Master), Oklahoma State University.    
Ronnila, M. (1995). Medium-Term Scenarios for the Finnish Pulp and Paper Industry. International Institute for 

Applied Systems Analysis: IIASA.   
Ronnila, M., & Toppinen, A. (2000). Testing for oligopsony power in the Finnish wood market. Journal of Forest 

Economics (Sweden)(1), 7.  
Schmelzle, G., & Flesher, D. L. (1991). The motives for vertical integration in nineteenth-century Mississippi lumber 

companies. Accounting, Business & Financial History, 1(2), 215-224. doi:10.1080/09585209100000030 
Schwarzbauer, P., & Rametsteiner, E. (2001). The impact of SFM-certification on forest product markets in Western 

Europe — an analysis using a forest sector simulation model. Forest Policy and Economics, 2, 241-256. 
doi:10.1016/S1389-9341(01)00029-6 

Sjølie, H. K., Latta, G. S., Adams, D. M., & Solberg, B. (2011). Impacts of agent information assumptions in forest 
sector modeling. Journal of Forest Economics, 17, 169-184. doi:10.1016/j.jfe.2011.02.009 

Solberg, B., Moiseyev, A., Kallio, A. M. I., & Toppinen, A. (2010). Forest sector market impacts of changed 
roundwood export tariffs and investment climate in Russia. Forest Policy and Economics, 12, 17-23. 
doi:10.1016/j.forpol.2009.09.016 

Stordal, S. (2004). Impacts of the European Economic Area Agreement on the structure and concentration of 
roundwood sales in Norway. Forest Policy and Economics, 6, 49-62. doi:10.1016/S1389-9341(02)00081-3 

Stordal, S., & Baardsen, S. (2002). Estimating price taking behavior with mill-level data: the Norwegian sawlog 
market, 1974-1991. 

Sun, C. Y. (2006). Welfare effects of forestry best management practices in the United States. Canadian Journal of 
Forest Research-Revue Canadienne De Recherche Forestiere, 36(7), 1674-1683. doi:10.1139/x06-052 

Thorsen, B. J. (1998). Spatial integration in the Nordic timber market: long-run equilibria and short-run dynamics. 
Scandinavian Journal of Forest Research, 13(4), 488.  

Toivonen, R., Toppinen, A., & Tilli, T. (2002). Integration of roundwood markets in Austria, Finland and Sweden. 
Forest Policy and Economics, 4(1), 33-42. doi:10.1016/s1389-9341(01)00071-5 

http://www.sciencedirect.com/science/journal/11046899
http://dx.doi.org/10.1016/j.jfe.2013.07.002


Toppinen, A. (1998). Econometric models on the Finnish roundwood market. (Doctoral), University of Helsinki, 
Finnish Forest Research Institute.   (Research papers 701) 

Toppinen, A., & Kuuluvainen, J. (2010). Forest sector modelling in Europe—the state of the art and future research 
directions. Forest Policy and Economics, 12(1), 2-8. doi:http://dx.doi.org/10.1016/j.forpol.2009.09.017 

Toppinen, A., & Toivonen, R. (1998). Roundwood market integration in Finland: a multivariate cointegration 
approach. Journal of Forest Economics, 4(3), 25.  

Trømborg, E., Bolkesjø, T. F., & Solberg, B. (2013). Second-generation biofuels: Impacts on bioheat production and 
forest products markets. International Journal of Energy Sector Management, 7(3), 383-402. 
doi:10.1108/IJESM-03-2013-0001 

Turner, J. A., & Buongiorno, J. (2013). Issues and prospects in global forest sector modeling (F. Helles, N. Strange, 
& L. Wichmann Eds.): Springer Science+Business Media Dordrecht. 

Uri, N. D., & Boyd, R. (1990). Considerations on modeling the market for softwood lumber in the United States. 
Forest science (USA)(3), 680-692.  

Vargas, E. E., & Schreiner, D. F. (1999). Modeling monopsony markets with regional CGE: The Oklahoma forest 
products industry case. Journal of Regional Analysis and Policy, 29(2), 51-74.  

Yin, R., Newman, D. H., & Siry, J. (2002). Testing for market integration among southern pine regions. Journal of 
Forest Economics, 8(2), 151-166. doi:http://dx.doi.org/10.1078/1104-6899-00009 

Zafeiriou, E., Koutroumanidis, T., & Arabatzis, G. (2012). The round wood market in Greece: An empirical approach. 
Forest Systems, 21(1), 31-41. doi:10.5424/fs/2112211-01996 

Zhang, D., Zhu, S., & Buongiorno, J. (1997). Trends and Outlook for Forest Products Consumption, Production and 
Trade in the Asia-Pacific Region. Working Paper APFSOS/WP/12. Forestry and Planning division. Food and 
Agricultural Organization of the United Nations,.  

Zhou, M., & Buongiorno, J. (2005). Price transmission between products at different stages of manufacturing in forest 
industries. Journal of Forest Economics, 11(1), 5-19. doi:http://dx.doi.org/10.1016/j.jfe.2005.02.002 

Zhu, S., Buongiorno, J., & Brooks, D. J. (2001). Effects of accelerated tariff liberalization on the forest products sector: 
a global modeling approach. Forest Policy and Economics, 2, 57-78. doi:10.1016/S1389-9341(00)00039-3 

 

http://dx.doi.org/10.1016/j.forpol.2009.09.017
http://dx.doi.org/10.1078/1104-6899-00009
http://dx.doi.org/10.1016/j.jfe.2005.02.002

	Abstract
	Introduction
	Results
	Part 1: The competitive situation in forest markets
	The notion of imperfect competition on woody feedstock markets
	Counterbalancing forces: Forest Owners Associations

	The roundwood market
	Harvesting behavior
	Competitive roundwood markets
	Noncompetitive roundwood markets
	Cost of imperfect roundwood markets

	The pulpwood market
	Competitive pulpwood markets
	Noncompetitive pulpwood markets

	The sawtimber market
	Backstop markets
	Law of one price
	Horizontal and vertical integration
	Part 2: How competition is modeled in forest sector models
	Conclusions
	References


