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Abstract 
Forestry and forest industry sectors have vital roles in the economy, both on a national and regional 
level. Due to the significant role of these sectors on the economic system, it is important to understand 
how competition issues impact market outcomes. In this licentiate thesis, competition problems 
affecting woody feedstock markets have been examined from two different perspectives: (a) imperfect 
competition, and (b) increased competition. The overall purpose of the thesis is to analyze how these 
two different competition issues will influence woody feedstock markets; and hopefully the results can 
help to increase the general knowledge of the subject of competition.  
 
To undertake this objective, three articles were written: (i) one review, (ii) one modeling, and (iii) one 
policy application; where the former examines imperfect competition, and the two latter, the 
implications of increased competition due to changing market conditions. The review article analyzed 
the competitive situation on forest product markets (i.e., roundwood markets). This was done by asking 
the general research question “What conclusions can be made from the research literature regarding the 
market characteristics for competitive forest product markets?” The study was motivated by the 
realization that the market condition may entail that forest product are subject to imperfect competition. 
A comprehensive article search was conducted using a number of different keywords on three different 
web-based search engines. The search was then expanded upon based on initial search results. The 
purpose of the first article was to review and assess the current state of knowledge relating to the 
competitive situation on forest product markets; and to increase the general understanding of how 
competition issues affect efficiency and allocation on forest product markets. In the second article, a 
regional partial equilibrium (PE) model was outlined and developed. The model, defined as the 
Norrbotten County Forest Sector Model (NCFSM), is comprised of three geographical regions in 
northern Sweden and Finland, and includes all the major forest industries in these regions and the iron- 
and steel industry (ISI) sector, a prospective wood user. The addition of the ISI sector represents a 
novelty in terms of modeling the value-chain of woody material in a Swedish context. Data for the 
NCFSM was collected from a combination of open sources, official national statistics, and personal 
correspondence with industry representatives. In the final article, the NCFSM was applied to assess how 
woody feedstock markets are affected by the introduction of the ISI sector to the marketplace. Three 
different market scenarios were formulated, and model output for each scenario was then compared to 
a business-as-usual baseline without the ISI sector. 
 
The overall result of the thesis indicates that there are quite clear implications from either imperfect or 
increased competition on the market outcome. This result is not unexpected. However, to what degree 
these competition aspect currently or potentially influence feedstock markets are more ambiguous. The 
result of the review article is inconclusive. In the review it is suggested that this result may be due to 
regional rather than sectoral differences, and that the degree of market imperfection varies over time. It 
has been suggested that the exertion of market power will follow the general conjectures of the economy, 
meaning that imperfect competition outcomes are more prevalent during economic downturns. In the 
review it is also suggested that the size of the individual forest industry will influence market delineation, 
where an increased business activity will decrease the probability of an imperfect market outcome. That 
is, as the industrial operation becomes larger, the procurement of woody materials will become more 
important since the economic implications (i.e., losses) of running out of materials increase with 
production. Thus, larger forest industries come to be more occupied with acquiring woody materials, 
thereby maintain production and securing long-term profitability, then engaging in short-term profit 
maximization schemes. The results from the third article suggests that increased feedstock competition, 
caused by the introduction of the ISI sector, will raise feedstock prices. The welfare variable remained 
relatively unchanged over the three scenarios when compared to the baseline, though some regional 
welfare redistribution effects are observed. Prices for primary woody materials, i.e., sawlogs and 
pulpwood, will mainly experience small changes from increased competition. Secondary woody 
materials, i.e., harvesting residues and industrial woody by-products, will experience greater price shifts, 
up to 650%. This outcome leads to secondary woody materials being priced above pulpwood. Such a 
market outcome is highly improbable, since there are incentives for market actors to substitute the 
expensive commodities with a cheaper woody feedstock. The overall results can be interpreted as 
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indicating the intrinsic conflict of increased demand for a finite resource that is already used; the 
improbability of the ISI sector substituting fossil fuels with biofuels; and the importance of inter-regional 
trade for optimal allocation of woody materials.  
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Preface 

Introduction 
In this licentiate thesis, competition problems affecting woody feedstock markets are examined from 
two different perspectives: (a) imperfect competition, and (b) increased competition. The overall 
purpose of the thesis is to analyze how these two different competition issues will influence woody 
feedstock markets. Hopefully, the results can help to increase the general knowledge of the subject of 
competition in the forest sector, and highlight the potential market development from increased 
utilization of the woody feedstock.  
 
Forestlands, forestry and forest industries all have vital roles for society. On a national level, activities 
from the two latter sectors count towards a country’s gross domestic product (GDP), while on a regional 
level, the impact on rural communities are more tangible. Private and public forestlands can be used for 
recreation purposes, while forestry can provide a source of revenue for the forest-owner. To refine the 
harvested woody material into commercial products, forest industries need to employ personal from the 
local population. From these actions, additional economic activities spurt, linking the forest sector with 
the rest of the economy. However, with shifting consumer patterns, and increased concerns regarding 
fossil fuel emissions, industrialized countries are again seeking to exploit the energy property of the 
woody material. The energy sector in Sweden (i.e., district heating and/or combined heat and power) 
has increasingly been using woody materials as an input ever since the oil crisis of the 1970s (Lundmark 
and Söderholm, 2004). Additional industry sector are also seeking to use woody materials as alternatives 
to conventional fossil fuels. With increasing demand for more carbon-neutral products, the utilization 
rate of woody materials is expected to increase in the future, thus precipitating the development of a bio-
economy. However, supply of woody materials on a national level are, to a certain extent, fixed (or has 
an upper capacity constraint). This entails that an increased woody demand will put increasing strains 
on existing feedstock markets and impact the forest industries currently operating on these. Due to the 
significant role of forestry and forest industries sectors on the economic system, it is important to 
understand how different competition issues impact market outcomes. That is to say, how does the 
competitive state of woody feedstock markets influence the outcome, and what are the implications of 
increased competition due to changing market conditions. These two questions are explored in this 
licentiate thesis.  
 
The thesis is divided on four parts: (i) the introductory chapters; (ii) reviewing the general state of 
knowledge regarding the competitive state of forest product markets (Paper I); (iii) a detailed description 
of a regional partial equilibrium (PE) model, the Norrbotten County Forest Sector Model (NCFSM) 
(Paper II); and (iv), analyzing the market effect from increased competition for woody materials by 
applying the NCFSM (Paper III). The introductory chapters is in turn split into the following sections: 
(1) background information about the Swedish forest and iron- and steel sectors; (2) model specific 
conjectures regarding the spatial dimension and the competitive state of feedstock markets within it; (3) 
theoretical frames of reference, divided into welfare economics, spatial price equilibrium and 
equilibrium models; (4) summary of the three papers; and (5), concluding remarks.  

Background 
The Swedish forest sector 
Sweden is a highly forested, with 66% (28 million hectares) of the land area covered by forestland, of 
which 82% is categorized as productive forestland (SkogsSverige, 2018a; SLU, 2017). On this land area, 
there is an estimated total growing stock of between 3.1 to 3.4 billion cubic meter standing volume, stem 
volume over bark from stump to tip (m3sk). As shown in Figure 1, the growing stock is primarily made 
up by Scots pine, Norway spruce and, to a lesser extent, birch (SkogsSverige, 2018a; SLU, 2017); and 
the total stock has grown by 1 billion m3sk since the 1950s. Approximately half of Sweden’s forestland 
is privately owned, divided between some 300,000 forest-owners, with the ownership of the remaining 
forestland split between private and public firms and stewardships (SFA, 2014; SLU, 2017). Though, 
forestland, industry and population are not evenly distributed across the country. For instance, the 
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northern region of Sweden (i.e., Norrland) holds 55.6% of all productive forestland (SLU, 2017), but 
only 11.8% of the population (SCB, 2017a). This skewness entails that the forest industry sector has 
arguably gained a more prominent role in the economic structure of the region and on local communities 
within it (e.g., Ejdemo et al., 2014). In Norrland, there is a combined total of 12 pulp and paper mills, 
and 39 sawmills with an annual production of more than 10,000 m3 of sawn goods (SFIF, 2017).1  

Figure 1: The Swedish timber stock  
Source: Nilsson (2018) 

Sweden has a long history of harvesting forest resources, and the establishment of the Swedish forest 
industry can be traced back to the middle ages (Holmberg, 2005; SkogsSverige, 2018a). The current 
Swedish forest industry is a highly diversified, and incorporates a number of different industries 
producing a wide array of commodities. However, the two main forest industries in Sweden are the pulp 
and paper sector and the sawmill sector. Currently there are approximately 38 paper mills and 40 pulp 
mills operating in Sweden (SFIF, 2016), and mills can either have an integrated pulp and paper 
production or produce pulp for the open market. In 2016, the combined pulp and paper sector exported 
goods at a value of 79 billion Swedish Kronor (SEK) (SFIF, 2016), making it the fourth largest export 
sector in Sweden (SCB, 2017b). Figure 2 shows the evolution of the Swedish pulp and paper sector; 
since the 1980s the sector’s total production capacity has increased, while the number of mills has 
decreased. The Swedish sawmill sector can in turn be divided into two entities, large forest corporations 
and smaller stand-alone mills (SkogsSverige, 2018b). There are currently some 130 sawmills with an 
annual production of more than 10,000 m3 of coniferous sawn goods, and countless number of smaller 
mills (SFIF, 2016). Sweden is the third largest exporter of sawn goods in the world, and in 2016, the 
export was estimated to 24.3 billion SEK (SFIF, 2016). Figure 3 shows the development of the Swedish 
sawmill sector. The sawmill sector has decreased in the number of mills by approximately half since the 
1980s, while total capacity has increased over the same time-period. In addition to these two major 
sector, there are additional industry sectors, e.g., wood based panels, wood pellet, etc., that can be 
included into the all-encompassing forest sector. In total, the forest sector has annually constituted 
between 2.2 to 3.3% of Sweden’s GDP since the shift of the new millennium (SFA, 2014). Figure 5 is 
a graphical representation of the sector on a national level. The Swedish forest industry is in general a 
net-exporter of refined wood goods, but a net-importer of the woody feedstock. This entails that the 
country is dependent on foreign trade in order to achieve current production levels. Figure 5 also shows 
the interconnection between different industry sectors, and the crucial role of industrial by-products 
(sawdust, woodchips, and bark) within the eco-system of the Swedish forest sector.  
  
 
                                                      
1 In the regions of Norrbotten County and Rest of northern Sweden, there are a combined total of 9 pulp and paper 
mills, and 31 sawmills.  
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With increasing concerns regarding the general state of the environment, an increasing number of actors 
are turning to the forest in search for more sustainable and carbon-neutral input commodity. New and 
emerging industry sectors are seeking to utilize the different properties of the woody feedstock; 
properties that allow woody materials to be used in production of, e.g., chemicals, and textiles. It can be 
argued that this development is (partially) driven by the realization that conventional (i.e., non-bio) fuels 
can be used more efficiently elsewhere. An example of such a development can be observed in the 
Swedish district heating (DH) sector. As shown in Figure 4, the industry sector has increasingly been 
using biofuels as its input feedstock, which currently account for 63% of all energy used. Woody 
materials are estimated to make up approximately 38 to 65% of the biofuel input post, or 14 to 24 
terawatt hours (TWh) of input energy (SFA, 2014; Skogskunskap, 2016). The use of biofuels has 
primarily come at the expense of petroleum products.  

Figure 4: Input sources in Swedish district heating  
Source: SEA (2017) 

Figure 2: Swedish pulp and paper sector 
Source: SFIF (2016) 

Figure 3: Swedish sawmill sector  
Source: (SFIF, 2016) 
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The Swedish iron- and steel industry 
Sweden has three ore-based iron and steel mills, ten scrap-based mills and 15 finishing plants 
(Jernkontoret, 2017). In 2017, the export of steel products accounted for 3.7% of Sweden’s total export 
of goods, worth approximately 49 billion SEK (Jernkontoret, 2017). Figure 6 shows that Sweden is a 
net-exporter of steel goods when counted in SEK, which is primarily to the fact that Sweden produces 
special steel and niche-oriented products with an high economic value, while the county imports more 
conventional steel commodities Jernkontoret (2017). A majority of the Swedish steel trade is with other 
countries in the European Union (EU).  

Figure 6: Value of the Swedish steel trade 1980-2017 
Source: Jernkontoret (2017) 

In 2017, Sweden’s total crude steel production was 4.9 million tonnes (Mton) (Jernkontoret, 2017). The 
largest crude steel mill in Sweden (SSAB Luleå), with a capacity of 2.55 Mton of hot metal2 per year is 
located in Norrbotten County. In 2008, this mill produced 66% of all hot metal in Sweden, and the same 
year it emitted 3.7 Mton of CO2 into the atmosphere, corresponding to 59% of the total CO2-emissions 
for the sector (Wang et al., 2015).3 On a national level, the ISI sector emits 35% of all industrial 
greenhouse gases (GHGs), and as a consequence, is Sweden’s single largest industrial polluter (SEPA, 
2017a). This is primarily due to the fact that the ISI sector is a highly energy intensive industry sector, 
and energy is considered as an important input in the production process (Jernkontoret, 2017). In 2013, 
the sector consumed 15% of the total energy consumption of the whole Swedish industry sector 
(Jernkontoret, 2017). However, as shown in Figure 7, the energy sources used in steel production has 
changed since the 1970s. For instance, the injection of oil in the blast furnace has been substituted with 
pulverized coal injections (PCI). PCI is a production process that allows an auxiliary fuel, in this case 
pulverized coal, to be blown into the blast furnace as a way of introducing additional carbon, thus 
speeding up the process, and reducing the amount of coke needed (Wei et al., 2013). The use of 
pulverized coal can partly or fully be substituted with charcoal, i.e., refined woody biomass (Larsson et 
al., 2014; Wang et al., 2015; Wei et al., 2013). Consequently, PCI offers an relatively easy and efficient 
way to reduce fossil emissions, and is the only viable way to replace large quantities of fossil fuels that 
does not entail large investments in existing facilities (Wang et al., 2015). Figure 7 shows that the ISI 
                                                      
2 Hot metal is the molten iron that is being produced in a blast furnace. This commodity that has to be further 
refined in a Basic Oxygen Furnace (BOF) into crude steel, which is the first solid state of the commodity, before 
it can be consumed or traded. Crude steel can be used to produce steel and other products. However, the process 
of turning crude steel into consumable goods takes place outside of Norrbotten County. To avoid modeling 
mistakes and misunderstandings the steel mill sector is assumed to produce hot metal, further refinement and 
addition of further carbon is not considered in the NCFSM.  
3 In 2017, the mill’s production share was 70% of all ore-based crude steel (SSAB, 2017). 
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sector’s use of gas has increased since the 1970s. Gas is more commonly used by ISI mills in southern 
Sweden due to the existence of distribution networks for natural gas; however, the development of liquid 
natural gas (LNG) has increased the possibility of utilizing this commodity in other regions 
(Jernkontoret, 2017). The use of natural gas can be substituted with biogas (Axelsson, 2015), which can 
be refined from woody biomass (Nwachukwua et al., 2018). 
 
As a way of increasing the overall energy efficiency of the ISI sector, residual heat from the production 
process has been used to a greater extent ever since the early 1980s (Jernkontoret, 2017). Recovered 
energy can be used by the mill in pre-production processes, to produce electricity, or fed into existing 
DH networks (Axelsson, 2015; Jernkontoret, 2017). External delivery of waste heat from the ISI sector 
has increased from approximately 1.25 TWh to 2.25 TWh between the years 1983 and 2016 
(Jernkontoret, 2017). The increased recovery of waste heat is one way the industry sector can mitigate 
the negative effects the steel-making process has on the environment. However, to reduce emissions of 
fossil based CO2 the ISI sector will need to find alternative energy sources.  

Figure 7: Energy sources use in the Swedish steel industry 1970-2016 
Source: Jernkontoret (2017) 

Model specific conjectures 
Spatial division of the NCFSM
The NCFSM contains three geographical regions: (1) Norrbotten County, (2) Rest of northern Sweden, 
and (3) Northern Finland.4 The geographical space of these and the composition of the two latter regions 
are shown in Figure 8. One of the assumptions of the NCFSM is that all transportation between regions 
take place by road. Since long-range hauling of the harvested woody material is often not economically 
viable, the model includes the three regions between which trade is deemed feasible. All other woody 
feedstock markets are assumed to be inaccessible. 
 
As noted in the introduction, the forest sector has a tangible economic effects on local communities. 
One of the novelties with the NCFSM is its spatial resolution compared to previous Swedish forest PE 
models (e.g., Carlsson, 2012). Market conditions have been noted to differ between geographical 
regions, rather than between industry sectors. This insight entail that the spatial delineation matters in 
forest sector analysis. Another insight is that woody materials are primarily traded on regional rather 
than national markets. This realization means that harvested woody materials and its refinement into 
consumable goods are primarily a regional issue; however, trans-regional trade in woody materials can 
still occur. The refined consumable goods is however more likely to be traded on national/international 
                                                      
4 Norrbotten County is the primary region of interest.  
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markets, or be subject to national/international price conjectures. The spatial breakdown of regions in 
the NCFSM allows for differences in general market conditions, e.g., reservation price, elasticities, etc., 
while still being confronted with the same market price for the end-products. 

Figure 8: The geographical regions in the NCFSM 

The competitive state in Norrbotten County 
Markets for woody materials have historically been observed to operate under some form of market 
imperfection (e.g., Kallio and Hänninen, 2005). This is partially due to: (a) the bulkiness of the harvested 
woody feedstock, which means that it is hard to move long distances without incurring large costs; (b) 
the size of individual mill; and (c), the large number of individual forest-owners supply a homogenous 
good. As a result, there is often a spatial dimension to woody feedstock markets; and it is generally 
assumed that the pulp and paper mill sector is better positioned to take advantage of this market 
condition. Pulp and paper mills are often larger in size compared to sawmills, and have lower physical 
requirements on the feedstock; allowing them to potentially behave as price-setters rather than price-
takers. The pulp and paper mill sector is therefore sometimes described as a (spatial) monopsony or 
oligopsony, while the sawmill sector often is assumed to operate under perfect competition.  
 
However, located in Norrbotten county are three pulp and paper mills, seven larger sawmills, numerous 
smaller sawmills and other industries requiring forest materials. Two of the pulp and paper mills are in 
close proximity to each other, while the last mill’s catchment area for woody materials, most likely, 
overlap with the other two (Asmoarp and Davidsson, 2016). The spatial proximity of rival mills will 
reduce the price-setting capability of the pulp and paper mill sector. Empirically, these mills combined 
require approximately 4 million cubic meter solid volume excluding bark (m3fub) annually to satisfy 
current production. The average annual gross felling in Norrbotten County, between 2013 and 2015, 
was 3.774 million m3fub for all roundwood assortments (Joshi, 2016). Thus indicating a fierce 
competition for woody materials in the region, which can help to explain why some forest industries 
have integrated vertically by acquiring their own forestland (i.e., have access to a backstop market), 
while other industries have entered into long-term procurement contracts with forest-owners 
associations or with public forest companies. The decision to use one, or both, or these business 
strategies can further be justified by the notion that woody supply curves are inelastic or kinked (e.g., 
Löfgren, 1989; Lönnstedt, 2003), which would entail that raising feedstock prices will only increase 
supply marginally. However, it has been suggested that forest industries integrate vertically primarily 
due to supply concerns and as a way to retain some bargaining power. Furthermore, as the individual 
mill’s production increases, the potential economic loss incurred if the mill was to run out of woody 
materials will increase exponentially. That is, mills operating under economies-of-scale production are 
less interested in exerting market power, and are more occupied with the procurement of woody 
materials, thereby maintain production. 
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Based on current market conditions and general observations, the assumption of fully competitive 
feedstock markets in Norrbotten County appears reasonable. This assumption is also levied upon the 
neighboring regions, as general conclusions relating to economies-of-scale production and reduced 
probability of non-competitive behavior also hold true for forest industries in these regions.  

Theoretical frames of reference 
Welfare economics  
Welfare economics studies the conditions for which solutions can be said to be optimal and efficient 
from a societal perspective (Salvatore, 2003). As such, the term welfare refers to the general economic 
state of a predetermined spatial entity, rather than political policies pertaining to social safety nets. For 
society to be able to reach its greatest level of welfare, all input and output commodities must be 
allocated between all market actors in an efficient way (Salvatore, 2003). Probably the most common 
definition of efficiency is based on the idea of a Pareto efficient outcome, a state when there is no way 
of increasing the well-being (utility) of the agents (Varian, 1992). That is, each actor has maximized 
his/her utility, given the utility of all other agents, and any attempt to interfere in the allocation of 
commodities will lower the utility of at least one agent (Varian, 1992). Pareto efficiency can in turn be 
said to be connected to the concept of consumer and producer surpluses.  
 
The consumer surplus is defined as the extra benefit a consumer obtains from consuming a good after 
the cost of the good is accounted for. The consumer’s demand curve indicates the marginal valuation 
(benefit) of a given good, and consumption will occur until the good’s marginal utility equals the price 
of the good or the marginal utility of money. This entails that the consumer surplus is equivalent to the 
area below the demand curve, but above the good’s market price, i.e., the area AEP in Figure 9. The 
producer surplus, on the other hand, is defined as the excess benefit a producer obtains from market 
transactions, and equates to the difference between the producer’s reservation price, below which no 
commodity is supplied to the market, and the market price. This corresponds to the area above the supply 
curve, but below the good’s market price, i.e., the area BEP in Figure 9. Adding these two expressions 
into one objective function, i.e., the welfare function, it is possible to equate the competitive equilibrium 
level for a given good by maximizing total surplus (Varian, 1992). Equilibrium point E represents a 
Pareto optimal allocation of commodity X since no other point in Figure 9 can be reached without 
making at least one of the agents worse off. It is possible to perform this procedure for a wide array of 
goods, and over different spatial markets, by summing all the different consumer and producer surpluses 
simultaneously (Varian, 1992). However, when trade between different spatial markets is included, and 
trade is costly, this cost has to be accounted for. The cost of trading can be viewed as an efficiency loss, 
due to the fact that goods and consumers are not in the same spatial space. The aggregated cost of trading 
is thus included in the objective function as a welfare loss, see example in Spatial price equilibrium.  
 
 



9 
 

P

B

0

D

Quantity 
good X

Price 
good 

X
A

S

X*

E

Consumer surplus

Producer surplus

 
Figure 9: Consumer and producer surpluses  

Spatial price equilibrium  
There are numerous reasons for why trade between two spatial markets occurs. A common theory rests 
on the concept of absolute and competitive advantages, as formulated by Smith (1776, 1982) and 
Ricardo (1817, 2001), and further developed by Heckscher (1919), Ohlin (1924) and Ohlin (1933, 1998). 
While possibly the simplest reason for why trade occurs is because it is beneficial for the actors to 
engage in it. However, regardless of the underlying reasons for why trade takes place, how prices move 
and adjust to changing market conditions are imperative to understand.  
 
Samuelson (1952) explored spatial pricing by asking what the final competitive equilibrium of prices 
would be when trade between spatial markets are costly. Through arbitrage5 price differences can be 
accounted for by the market, and potentially prices will be normalized. If the price difference between 
spatial markets converge to one price level, so a given commodity costs the same (when calculated into 
a common currency) on different markets, it is said to follow the law-of-one-price (LOP) (e.g., Nagubadi 
et al., 2001). This entails that any price movement will be experienced on both markets equally, and that 
the relationship holds over time. If the price difference between spatial markets equals the total cost of 
trading, the price is said to follow the weaker version of the LOP (Karikallio et al., 2011). When the 
LOP holds, markets can be said to be integrated (e.g., Nagubadi et al., 2001), there are no arbitrage 
opportunities, and it can be argued that they constitute one single common market rather than different 
spatial entities (Jaunky and Lundmark, 2015).  
 
The problem can be explained in a simple example using two spatial markets (Rest of northern Sweden 
and Norrbotten County) and one commodity (roundwood), as shown in Figure 10.6 The consumers (i.e., 
forest industries) demand roundwood, while the producers (forest-owners) supply the commodity to the 
markets. Initially, when trade is not allowed, each market is in equilibrium (i.e., A and B in Figure 10) 
and the market price is at P RoNS and P NB, respectively. Initial equilibriums are also represented on 
the trade market, and constitute the point at which each excess supply curve cuts the y-axel (Q = 0). The 
consumer surplus in the Rest of northern Sweden is made up by areas 1 and 2, while the producer surplus 
constitutes area 3. For Norrbotten County, consumer surplus is area 5, and the producer surplus is areas 
6 and 7. However, as suggested by the slope of the demand and supply curves in Figure 10, the Rest of 
northern Sweden can (in this example) produce more roundwood at a lower price compared to 
Norrbotten County, while demand for roundwood is greater in the latter region. Add the price difference 
between the two spatial markets, and conditions are ideal for trade to take place. However, trans-regional 

                                                      
5 A broker purchase commodities on one market and sell the same commodities on a different spatial market, thus 
earning a profit due to the price difference between the markets. 
6 The example is similar that used by Samuelson (1952). 
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trade is associated with a cost, which in this example is assumed to be a fixed unit cost. Brokers will 
purchase roundwood in the Rest of northern Sweden and transport it to Norrbotten County for it to be 
sold. The effect of this action is to increase the amount of roundwood purchased (additional demand) 
on the market in the Rest of northern Sweden, while at the same time increase the amount of roundwood 
sold (additional supply) in Norrbotten County. Such actions will increase the roundwood price in one 
region and suppress it in the other. Brokers will continue exploiting any price difference until no 
additional profits can be made. This occurs in trade equilibrium point C, where roundwood prices have 
converged to P*. The Rest of northern Sweden will increase the size of the producer surplus (areas 2, 3 
and 4), while the consumer surplus will increase in Norrbotten County (areas 5, 6 and 8). Areas 4 and 8 
are welfare gains due to trade, while area 9 represents the dead weight loss of trading, since it is costly 
to transport commodities between the two markets. 

A

D RoNS

S RoNS

Q

BB

C
D NB

S NB

A

Q Q

P P P

ES NB

ES RoNS

1

2

3

4

5

6 8

7

Rest of northern 
Sweden

Norrbotten County Trade market

Trade cost

P RoNS

P NB

P*
C

C

9

RoNS = Rest of northern Sweden, NB = Norrbotten County, D = Demand, S = Supply, ES = Excess supply, P = Price, Q = Quantity 
Figure 10: Trade and spatial price equilibrium 
 

Equilibrium models 
Computable general equilibrium models 
The computable general equilibrium (CGE) model has been a commonly used tool in economic analysis 
ever since the 1980s, but has its genesis in the 1960s (Dixon and Parmenter, 1996; Ouraich, 2015). The 
modeling framework rest on macroeconomic theory and a social accounting matrix (SAM) to 
encapsulate all economic flows, and is used to highlight links between different sectors and the economy 
at large (Buongiorno et al., 2003). Models can either be developed to analyze one spatial entity (e.g., 
country) or incorporate a multi-spatial dimension; while the same is true for time, where models can be 
static or dynamic (Dixon and Parmenter, 1996). The CGE model can be viewed as an alternative to 
partial equilibrium (PE) models, which only analyze a partial economy and may therefore miss 
important economic interactions; while the CGE model has a more holistic approach and is well-suited 
to analyze comprehensive exogenous shifts on a global/national level and the consequences of 
macroeconomic policies. Due to this holistic dimension, CGE models have been used to analyze global 
environmental implications, externalities, and natural resource issues (Ouraich, 2015).  
 
Arguably the defining modeling feature of the CGE model is the SAM, which links the different sectors 
together using input-output matrices (Robinson et al., 1999). In the SAM, the sale of a commodity by 
one sector must be accounted through the purchase of said good, either by another sector or by the selling 
sector if the commodity is used internally. This means that all transactions in the economy are accounted 
for, and that all transactions and factors must balance (Robinson et al., 1999). This entails that revenue 
equals expenditure, and total sector earning must equal the total cost of labor and other production 
factors. The SAM is then used to calibrate the model through a set of production, consumption and 
transfer equations with endogenous prices (Buongiorno et al., 2003). While the modeling framework of 
CGE models rest on macroeconomic principles, some of the underlying assumptions rest on 
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microeconomic theory, e.g., utility and profit maximizing agents, and the connection between 
demand/supply and price fluctuations (for some goods) (Menezes et al., 2018; Robinson et al., 1999); 
and CGE models have been shown to provide helpful insight into previously unobservable exogenous 
shocks (Dixon and Parmenter, 1996). 
 
In a forest setting, CGE models offers the ability to connect forestry and forest industry sectors to a more 
encompassing (national/global) economy. This means that it is possible to analyze how comprehensive 
shifts in the economy affect the forest sector (Buongiorno et al., 2003), something PE models are not 
able to fully account for. Forest CGE models have been developed by e.g., Ochuodho et al. (2012); Tian 
and Sohngen (2013); Vargas and Schreiner (1999).7 Ochuodho et al. (2012) assessed the economic 
impact of climate change on six regions in Canada over a 70 year time-period, using 16 different impact 
scenario; Vargas and Schreiner (1999) analyzed how increased competition on feedstock markets in 
Oklahoma would affect the gross state product; while Tian and Sohngen (2013) set out the foundation 
for a dynamic forest CGE model. The latter was motivated by forestry’s impact on the climate, the 
expected rise in woody biomass demand, and the connection between environmental policies and the 
rest of the economy.  
 
Partial equilibrium models  
A PE model explores a certain subsection of the whole economy, and contains trade flows and 
interlinkages between different sectors within this section (Ouraich, 2015). This modeling approach can 
be used to analyze a wide array of different policy and structure scenarios; and model results can provide 
a comprehensive account for how the included subsection is affected by changes to the status quo. 
Similar to CGE models, a PE model can consist of one spatial entity (e.g., country) or incorporate a 
multi-spatial dimension, and can either be static (one time period) or dynamic (Buongiorno et al., 2003). 
Supply, demand, trade flows, and prices are all endogenously determined in PE models, but are 
conditional on exogenous activities (Buongiorno et al., 2003).  
 
PE models in general rest on the seminal works of Samuelson (1952) and Takayama and Judge (1964), 
while most forest PE models rely on the modeling framework developed by Kallio et al. (1987) (e.g., 
Buongiorno et al., 2003; Toppinen and Kuuluvainen, 2010).8 The idea is to transform a system of spatial 
equilibriums into a maximization problem (Samuelson, 1952). This is done by defining an objective 
function that contains a set of equations for the consumer and producer surpluses and the cost of trading 
between different spatial markets. Samuelson (1952, p. 288) defined the objective function as “… a net 
social pay-off function, with three components”. The underlying theory is that when competitive spatial 
markets are in equilibrium, the price difference across markets will equal the transportation cost 
(Takayama and Judge, 1964). 
 
Modeling forest sector markets are most commonly done using the PE framework (Buongiorno et al., 
2003).9 The benefit of the forest sector model (FSM) approach is that it allows for the possibility to 
include all relevant trade flows and interlinkages between the different sectors connected with forest 
markets, without having to include the whole economy. This means that FSMs (and PE models in 
general) have the ability to in great detail capture the sectors that are being analyzed (Ouraich, 2015). 
However, this also entails that FSMs intentionally ignores the rest of the economy, and the possible 
implications and interactions between it and the forest sector (Olsson, 2011). This limiting factor means 
that FSMs may miss to account for general shifts in the economy, and the potential knock-on effect from 
changing consumer patterns in non-included sectors, which may influence the forest sector. The benefit 
of using a FSM is that it can produce informative and comparable results for specific circumstances. 
 
FSMs can have a global (e.g., Kallio et al., 1987), a national (e.g., Olsson and Lundmark, 2014), a 
national multi-spatial (e.g., Bolkesjø, 2004) or a multi-spatial trans-national (e.g., Mustapha, 2016) 

                                                      
7 See e.g., Buongiorno et al. (2003) for additional forest CGE models.  
8 Buongiorno (1996) argues that the forest PE modeling framework was developed and refined through the TAMM 
(Adams and Haynes, 1980), PAPYRUS (Gilless and Buongiorno, 1987), and GTM (Kallio et al., 1987) models. 
9 A forest PE model is hence referred to as a forest sector model (FSM). 
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dimension; and be used to analyze the effects of: (a) increased forest conservation and general 
environmental considerations (e.g., Kallio et al., 2006), (b) increased energy production utilizing woody 
biomass (e.g., Trømborg et al., 2013), (c) forecasting future price developments (e.g., Bolkesjø, 2005), 
(d) changing trade conditions (e.g., Turner et al., 2005), (e) changes to the forest inventory (e.g., 
Trømborg et al., 2000), or (f), the optimal location for the establishment of new industries/mills (e.g., 
Mustapha et al., 2017).10  
 
The primary insight gained from the FSM literature is the importance that the spatial dimension has on 
the model result. I would argue that the ideal spatial dimension is one that allows for the greatest amount 
of detail, but for which there still exist reliable and accessible data. For the Nordic countries in general, 
and Sweden in particular, the county level (or corresponding administrative spatial entity) appears to be 
such a dimension.  
 
Equilibrium modeling discussion 
The primary benefit of a CGE model is that it can provide a complete outline of the economy and all 
interactions within it; while a PE model has the ability to depict specific regions and sectors in greater 
detail. The primary criticism of CGE models is their complexity and the need of large amounts of data 
covering the whole economy. This problem is enhanced when modeling the forest sector due to the 
sector’s complex dynamics (Tian and Sohngen, 2013). PE models are primarily criticized for missing 
important interactions that are outside the model. These benefits and criticisms entail that the two models 
are well-suited to analyze different types of research questions. Buongiorno et al. (2003) maintains that 
the determining factor when selecting modeling approach is whether it is the non-forest sector effect 
that is the most important issue that is being analyzed (in such a case, CGE), or whether it is changes to 
the forest sector that is of primary concern (if so, PE). 
 
CGE models have been shown to be a useful tool when analyzing previously unobservable exogenous 
shifts in the economy. The introduction of the ISI sector onto regional woody feedstock markets can be 
considered as such an occurrence. However, the primary issue that is being analyzed in the NCFSM is 
how feedstock prices respond to this development, and not how the regional economy at large is affected. 
Therefore, the decision to use a PE modeling framework in the NCFSM appears reasonable. 

Summary of papers 
Paper I:  Competition for woody biomass – A review and assessment of the current state of 

knowledge 

The first paper is a review article, with the primary purpose of assessing the current state of knowledge 
relating to the competitive situation on forest product markets (i.e., roundwood). Forest product markets 
have traditionally been described as being subject to some form of market imperfection. This assumption 
is primarily based on the characteristics of the market and the woody feedstock itself. For many 
industrialized countries, the supply-side of forest product markets consist of a large number of 
independent forest-owners that are producing different types of woody materials. Meanwhile, the 
demand-side is highly concentrated and consist of a limited number of large industries. The bulkiness 
of the feedstock and the high transportation cost are also factors that are affecting the market delineation; 
limiting the forest-owners ability to access markets that are far away from the harvesting area. This 
description entail that the woody feedstock is (for the most part) traded on regional/local markets and 
concentrated around a smaller number of forest industries. These industries can potentially exert market 
power and act as price-setters rather than price-takers.  
 
Four research questions are formulated in the review article, one general: (1) What conclusions can be 
made from the research literature regarding the market characteristics for competitive forest product 

                                                      
10 For an extensive review of forest sector PE models see e.g., Buongiorno (1996); Hurmekoski and Hetemäki 
(2013); Latta et al. (2013). 



13 
 

markets?; and based on the literature search results, three sub-questions: (2) How does the existence of 
backstop markets affect the market outcome?; (3) Do geographically dispersed forest product markets 
obey the law-of-one-price paradigm?; (4) Does vertical and horizontal integration in the forest sector 
impede or enhance competition? A comprehensive literature search for peer-reviewed journal articles 
dealing with competition on roundwood market was conducted. In addition, reports, conference 
proceedings and chapters from edited volumes were also included. The literature search was conducted 
using Scopus, Web of Science, and Google Scholar. Each identified paper was read and their reference 
sections were examined for additional sources. The keywords used in the search were competition, 
condition, co-integration, failures, forest, market power, measuring, oligopsony, structures. A limited 
literature search was also conducted for PE models examining the forest sector. Keywords in the search 
were expanded to include Cournot, forest sector model, imperfect competitive, partial equilibrium 
model, and combinations of these.  
 
The result of our review is somewhat inconclusive, since no general or definitive answer regarding the 
competitive state of forest product markets can be derived. Even though there appears to be a first-mover 
advantage and the description of woody feedstock markets indicates that they may be subject to non-
competitive behavior, the simultaneous and continuous decisions made by market-actors may reduce 
the probability of this outcome. Based on the result of the review, we suggest that researcher must be 
mindful of how spatial and temporal conditions influence market outcomes. One possibility is that the 
existence and degree of market power varies over time and space; where imperfect feedstock markets 
are assumed to be more prevalent during economic recessions, since forest industries will not operate at 
full capacity and thus require less roundwood. Overall, the review suggests that forest industries choose 
to operate on different feedstock markets simultaneously and/or acquire their own forestland as a means 
of guaranteeing long-term woody procurement, rather than as a way of exerting market power. Over the 
past decades, the forest industry sector has also developed towards fewer and larger mills. However, 
non-competitive market outcomes have not become more prevalent in academic literature as forest 
industry sectors become more concentrated; rather the opposite appears to be the case. Base on the 
general insights gained from the review, we suggest that increased production capacity of individual 
mills may help to explain why the forest industry is not engaging in non-competitive behavior. The 
economic implications (i.e., losses) of running out of woody feedstock increase exponentially with 
production. This means that the forest industry has become less interested in engaging in short-term 
profit maximization schemes (i.e., exerting market power), and more occupied with the procurement of 
the woody feedstock, thus maintain production and securing long-term profitability.11 These arguments 
follows the seminal works of Coase (1937, p. 394) and his “decreasing returns to the entrepreneur 
function”. That is, the transaction cost of acquiring the woody feedstock will increase with the size of 
the firm, and the cost of engaging in market imperfections will be added onto the firm’s already spiraling 
transaction costs. Similar to the notion that there exists a limit to a firm’s internal growth before it starts 
purchasing factor goods on the open market; it can be argued that there exists a limit to the advantage 
engaging in non-competitive market behavior offers a large firm. That is, as the size of the firm’s activity 
increases, the probability of the firm exerting market power will decrease. Only when some 
predetermined baseline production is achieved will the firm (potentially) start suppressing feedstock 
prices.  
 
Paper II: An introduction to the Norrbotten County Forest Sector Model – Technical report for 

a regional partial equilibrium model 

In the second paper, a static regional partial equilibrium (PE) model, the Norrbotten County Forest 
Sector Model (NCFSM) is presented. The primary purpose of this article is to, in detail, describe and 
explain the model’s inner logic and composition. The article is also intended to function as a source of 
reference for future policy application studies. The model includes three regions located in northern 

                                                      
11 This argument rests on the assumption that the representative mill becomes more risk adverse as the size of the potential loss 
increases. It is possible to express this relationship in a (potential) gain/loss ratio, or as the share of total profits the extra 
economic gains constitute. In both circumstances, the smaller the value, the lower the probability of representative mill 
choosing to exert market power on the woody feedstock market, under the above noted assumption.  
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Sweden and Finland; Norrbotten County, and the two aggregated regions are Rest of northern Sweden 
(i.e., Västerbotten County, Västernorrland County and Jämtland County) and Northern Finland (i.e., 
Lapland and Northern Ostrobothnia).  
 
The NCFSM is built on the modeling framework of SFSTM II by Carlsson (2012), which in turn is 
based on the works of Kallio et al. (1987) and Bolkesjø (2004). The model is designed to capture regional 
supply, demand and trade of different forest feedstocks, and contains all the major forest industry sectors 
in the three regions. The included industries are the pulp and paper mill sector, the sawmill sector, the 
wood pellet sector, and the bioenergy (i.e., district heating) sector. To this, the ISI sector is introduced 
as a potential large-scale user of woody materials. The ISI sector is divided into two subsections, the 
bio-charcoal sector and the steel mill sector. Each scenario run of the NCFSM is compared to a business-
as-usual baseline that does not contain the ISI sector. 
 
Data for the different parameters were collected from a combination of open sources, official national 
statistics, and personal correspondence. Forest industries located in Norrbotten County were asked to 
provide information regarding production level, woody demand, and upper capacity. However, when 
this information was not made available, open source data was used. 
 
The primary use of the NCFSM is as a tool to highlight the potential implications of changing market 
conditions on regional feedstock markets. Hopefully, the model can be used by e.g., policy makers, 
industry representatives and/or researchers to predict potential market developments from a wide array 
of different scenario description, and to increase the general understanding of how changes to market 
conditions influence regional feedstock markets. It is worth highlighting that while the NCFSM explores 
regional effects in northern Sweden and Finland, the model’s core specifications are applicable to other 
geographical regions. 
 
Paper III:  Regional effects of a green steel industry – Fuel substitution and feedstock competition 

In the final paper, the NCFSM is applied to analyze the regional consequences of a green ISI sector. 
That is, how will feedstock prices and the regional welfare be affected by the introduction of the ISI 
sector to the marketplace as a new large wood consumer. Through the use of pulverized coal injection 
(PCI), the use of metallurgical coal can partially or fully be substituted by refined biomass. Such a 
development will entail that the ISI sector becomes a large consumer of the woody feedstock. The 
purpose of the article is to analyze the intra- and inter-regional effects increased competition for woody 
feedstock may have on regional markets and on the economic well-being of the regions. To achieve this, 
four research questions are asked: (i) how does the price of hot metal affect optimal allocation of the 
woody feedstock?; (ii) what are the market effects of a partial transition from fossil fuels to refined 
woody biomass in the ISI sector?; (iii) what are the market effects of an increased roundwood supply?; 
(iv) what are the overall regional implications of this market development? Each scenario run is then 
compared to a baseline that does not contain the ISI sector. 
 
The total welfare effect of increased feedstock competition is relatively small, ranging from -0.01% to 
+0.02%, compared to the baseline. Thus suggesting that increased competition will, from a purely 
welfare perspective, not have any significant impact on the three regions. However, examining the 
welfare effect in specific regions indicates that the consumer surplus in Norrbotten County will increase 
by 6 to 10%, while the consumer surplus in Northern Finland will experience a marginal reduction. As 
such, the result suggests that there may be some regional welfare redistribution effects from increased 
feedstock competition, but these are negated by an increase in the total cost of trading, since forest-
owners in Norrbotten County are not able to meet regional woody demand. The overall result suggests 
that the three regions are highly interconnected, and the introduction of a new large wood consumer in 
one region will have clear spillover effects on neighboring regions. A shift from fossil fuels to refined 
woody biomass will increase feedstock competition and raise prices. This development is most 
noticeable on markets for secondary woody materials (i.e., woodchips, sawdust, bark, and harvesting 
residues), which may potentially be priced above pulpwood. As a consequence, inter-regional trade is 
crucial for optimal allocation of the woody feedstock when competition and demand increases. 
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Furthermore, the result also suggests that the price of hot metal will have an effect on the allocation of 
feedstock and on the production level of the ISI sector; that a partial transition of the ISI sector to woody 
biomass will have a less severe price effect on the feedstock; and the general competitive effect can be 
eased by an increase in the harvesting rate of roundwood. 
 
The overall results can be interpreted as indicating the intrinsic conflict of increased demand for a finite 
resources that is already used; or alternatively, as indicating the improbability of the ISI sector 
substituting fossil fuels for biofuels. The primary reasons for why the ISI sector would consider 
substituting metallurgical coal for charcoal is arguably the green credentials of the latter and the low 
cost of the woody feedstock. However, woody biomass is already sold on established feedstock markets. 
If the ISI sector decides to substitute fossil fuels with refined woody biomass, and this decision is 
primarily based on low cost of the feedstock, the results suggests that as soon as the sector enter the 
marketplace the decision may potentially be rendered unprofitable; thereby reducing the probability of 
the switch to take place. Finally, while the ISI sector can use woody biomass to reduction its overall 
emission of fossil based CO2, the total climate effect for society will be lower since other industries 
(e.g., bioenergy) may be forced to substitute their used of the woody feedstock with fossil fuels. This 
entails that the climate effect from a green ISI sector might not be as straightforward as suggested, since 
total abatement of CO2-emissions does not correspond to the saving of one actor but rather the sum total 
of the whole system.  

Concluding remarks  
In this licentiate thesis, competition problems affecting woody feedstock markets have been analyzed 
from two different perspectives: (a) imperfect competition, and (b) increased competition; and the 
general purpose was to analyze how these two issues affect the market outcome.  
 
Overall, the result indicates that there are quite clear effects from either imperfect or increased 
competition on the market outcome. However, to what degree these competition aspect currently or 
potentially will influence the feedstock market is more ambiguous. Non-competitive behavior on 
feedstock markets will lead to sub-optimal levels of production for the forest industry sector. Though, 
the general result of the review suggests that non-competitive outcomes are not commonly expected, 
but the probability of the outcome increases during economic recessions. As a consequence, spatial and 
temporal dimensions are important factors to consider when modeling the forest sector. The finding of 
the last article suggests that if the ISI sector was to substitute fossil fuel with refined woody biomass, 
the introduction of the sector onto the marketplace will lead to a sharp price increase on regional 
feedstock markets; and society may potentially not be made better off by such a development.  
 
In general, it can be argued that changing market conditions and an increased utilization rate of woody 
materials will necessitate a shift in how woody feedstock markets operate. While the roundwood 
harvesting rate in Sweden can potentially increase in the short-term without endangering the long-term 
health of the forestland, it is important to keep in mind that supply of the woody feedstock is finite. 
Society should therefore strive towards an efficient use of the feedstock. With increasing concerns 
regarding the general state of the environment, the woody feedstock has been suggested as the solution 
to a wide array of environmental problems, e.g., fossil fuel emissions. However, woody materials are 
already extensively used, meaning that the potential to increase the use of the feedstock further may in 
actuality be limited. If ecosystem services are also taken into consideration, and restrictions are 
implemented to safeguard e.g., biodiversity, and sustainability of the forestland, the ability to use woody 
materials as an all-cure will be reduced even further. Hopefully, the general insight gained from this 
thesis is the complexity of the woody feedstock market and the forest sector at large; and that the results 
can help to increase the general understanding of how changes to the market condition affect the 
outcome on regional feedstock markets.  
 
Moving forward, my research has so far been focusing on the spatial element of forest sector modeling. 
However, for future works, the idea is to also include the temporal dimension to get a better 
understanding of how competition problems affect feedstock markets over time. This can be done by 
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making the NCFSM a dynamic model, where the growth in the timber stock and investments in the 
capital stock can be accounted for; or by analyzing historical price movements on feedstock markets, 
thereby testing the general findings from the review article. The overall result of such an effort would 
be to provide a comprehensive assessment of how competition aspects affect Swedish roundwood 
markets. This licentiate thesis can therefore be the first building block of this undertaking.  
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Abstract  
In this article, a comprehensive review assessing the competitive state of the roundwood market is 
conducted. The review aims to answer one general research question and three sub-question. The article 
search was conducted using three different web-based search engines. The result of the review is 
somewhat inconclusive, since no general or definitive answer regarding the competitive state of 
roundwood markets can be derived. However, the review suggests that forest industries choose to 
operate on different markets as a means of guaranteeing long-term woody procurement, rather than as a 
way of exerting market power. The review also found that market integration is directly connected to 
geographical distances. Furthermore, it is suggested that the competitive state of roundwood markets 
may varies over time and space. Consequently, what is true for one time-period in one region may not 
be the same in following periods, or in neighboring regions. And finally, based on the review, we suggest 
that there exists a negative relationship between the size of a forest industry’s operations and its 
likelihood to engage in non-competitive market behavior. Based on the result of the review, we would 
argue that researcher must be mindful of how spatial and temporal conditions influence market 
outcomes.  
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1. Introduction 
The demand for woody biomass is expected to increase. First, the fuel substitution in the transportation 
sector, from fossil to renewable fuels, is expected to contain large shares of lingo-cellulosic biofuels 
(e.g., Börjesson et al., 2014). Second, in order to control the emission of CO2, energy scenario 
simulations predict that the use of woody biomass for electricity and heat purpose will increase (e.g., 
Börjesson et al., 2015). Third, emerging markets for woody cellulosic biomaterials and biochemicals 
are appearing rapidly and are soon expected to compete economically with other materials (e.g., Carreño 
et al., 2017). Finally, insights gained on forest ecosystem services (e.g., carbon sequestering, recreation) 
are suggesting that the non-material demand for woody biomass will increase and might even overtake 
the material demand in a near future (e.g., Lindahl et al., 2017). In order to match the increasing demand, 
various supply issues such as forest management and conservation need to be addressed. Equally 
important is to address the competitive state of forest product markets. For an efficient outcome, it is 
imperative that markets for woody materials are competitive. The primary purpose of this study is to 
review and assess the current state of knowledge relating to the competitive situation on forest product 
markets.  
 
Generally, imperfect market competition will have a negative effect on society’s economic well-being, 
i.e., its welfare. For instance, Brännlund (1989) estimated the annual average social cost from 
monopsonistic behavior on Swedish roundwood markets to approximately USD 190 million.1 For 
pulpwood, the social cost was approximately USD 59.5 million (Brännlund, 1988). Gong and Löfgren 
(2003) suggested that Swedish welfare could increase by 24 percent from more competitive roundwood 
markets. For the state of Oklahoma, Vargas and Schreiner (1999) showed that the social cost-saving 
from increased competition on roundwood markets could reach USD 36.9 million in the short-run and 
USD 88.6 million in the long-run. While, Murray (1995b) suggested that pulpwood prices in the United 
States (US) were 12 percent below competitive levels, causing a reduction in pulpwood supply volumes 
by 5 percent. 
 
Numerous factors affect the competitive situation on forest product markets, which can be both spatial 
and temporal in character. For many industrialized countries, the supply-side of forest product markets 
consist of a large number of independent forest-owners that are producing different types of woody 
materials.2 Meanwhile, the demand-side is highly concentrated and consist of a limited number of large 
industries. Due to the bulkiness of the feedstock and the high transportation cost, there are limited 
possibilities for producers (i.e., forest-owners) to access markets that are far away from their harvesting 
areas. This can affect market delineation and create regional or local markets with a small number of 
consumers (i.e., forest industries) with the possibility to exercise market power. This asymmetry in 
bargaining power can potentially cause inefficient market outcomes where the long-run market 
equilibrium reflects an inefficient allocation of forest products between different areas of use. However, 
a high market concentration does not automatically indicate imperfect competition (Ronnila and 
Toppinen, 2000). Yet, it is important to consider the possibility of this market inefficiency when 
studying the forest sector. Correct description and implementation of forest product markets are 
especially important when constructing a forest sector model (FSM) (Kallio, 2001b). Results from FSMs 
are commonly used for e.g., policy assessments and price analyses, which suggests that erroneous 
conclusions can be made if markets are not modeled correctly. Therefore, we addressed the following 
general question:  
 

 What conclusions can be made from the research literature regarding the market characteristics 
for competitive forest product markets? 

 

                                                      
1 Converted to USD using an exchange rate of 8.4 SEK per USD. Not adjusted for inflation.  
2 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), 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 woody 
feedstock prices, may also invalidate the argument of a fragmented supply side.  
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Based on the search results and assessment of existing literature regarding this initial query, we 
formulated three additional research questions:  
 

a) How does the existence of backstop markets affect the market outcome? 
b) Do geographically dispersed forest product markets obey the law-of-one-price paradigm? 
c) Does vertical and horizontal integration in the forest sector impede or enhance competition?  

 
The answers to these questions will increase our understanding of how different competitive situations 
on forest product markets affect efficiency, allocation and the possibility to increase demand for woody 
biomass. Therefore, we conduct a narrative literature review describing the competitive situation on 
forest product markets, followed by an analysis and assessment of the findings. The review presents a 
three-part synthesis of the literature. The first part addresses the general competitive characteristics of 
roundwood markets, and how competition issues are handled in FSM. The second part reviews and 
analyzes the results from roundwood competition studies. The final part presents special issues, which 
were identified in the review that can influence the competitive state of roundwood markets.  
 

2. Review method 
A comprehensive literature search for peer-reviewed journal articles dealing with competition on 
roundwood market was conducted. In addition, reports, conference proceedings and chapters from 
edited volumes were also included. We utilized three web-based search engines: (a) Scopus, (b) Web of 
Science, and (c) Google Scholar. The identified literature was read and their reference sections were 
examined for additional sources. Only articles written in English were included, with no restrictions on 
the geographical scope. However, a majority of the articles identified were focusing on the forest sector 
in the Nordic countries and North America. Keywords used were competition, condition, co-integration, 
failures, forest, market power, measuring, oligopsony, structures. In addition, for FSM studies, the 
keywords were expanded to include Cournot, forest sector model, imperfect competition, partial 
equilibrium model, and combinations of these. Additional searches were then made based the initial 
search results. While this literature search is comprehensive, it is not exhaustive.  
 

3. The general competitive characteristics for roundwood 
For the purpose of this review, we focus on roundwood markets, which we further divide into pulpwood 
and sawlogs. As such, pulpwood and sawlogs can be considered as two distinct sub-sections of the 
roundwood market, which are connected to each other through cross-price effects (Brännlund, 1989). 
Further sub-categorization can be made based on e.g., species.3 Due to the close relationship between 
roundwood markets (and their sub-markets), non-competitive4 behavior in one market may have an 
effect on other markets. This could promote a sectorial growth that is not optimal from a societal 
perspective (Brännlund, 1988; Kallio, 2001b). Cross-price effects have been used to analyze how related 
roundwood markets (e.g., pulpwood and sawlog) influence each other, and to estimate the size of the 
spillover effect if one market is influenced by non-competitive market behavior (e.g., Brännlund, 1989; 
Gong and Löfgren, 2003; Murray, 1995b; Vargas and Schreiner, 1999) 
 
Mead (1966) argues that roundwood markets are more regionalized5 and have relatively inelastic supply 
compared to conventional markets, which will result in a greater interdependency amongst its 
consumers. This entails that roundwood consumers have a greater possibility and incentive to (directly 
or indirectly) collude and suppress local prices without substantially decreasing the total amount of 
roundwood supplied to the market. As a consequent, roundwood markets are to be considered 

                                                      
3 In addition to supplying the market with primary forest products (i.e., roundwood), forest-owner can also collected secondary 
forest products (i.e., harvesting residues, a woody commodity consisting of branches, tops and stumps) from felling areas. This 
product is primarily sought after for its energy content.  
4 Non-competitive markets and non-competitive behavior in this case refers to the structure of the market and is used 
synonymously to imperfect competition and agent behavior associated with this market form. 
5 For instance, Parajuli and Chang (2015) state that 90 percent of all roundwood procured by sawmills in the northern part of 
the US is supplied by producers within a distance of 30 to 70 miles (approx. 46 to 112 kilometers) of the mill. Similar results, 
in a Swedish context, are noted in a report by Asmoarp and Davidsson (2016).  
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oligopsonistic (Mead, 1966). This finding is supported by Lowry and Winfrey (1974). However, they 
argue that spatial oligopsonies are caused by economies-of-scale production and the high transportation 
cost of roundwood. In the literature, it is commonly argued that roundwood markets are operating under 
imperfect competition due to high transportation costs (e.g., Kumbhakar et al., 2012; Löfgren, 1992; 
Murray, 1995a, 1995b; Murray and Prestemon, 2003). However, many commodities are associated with 
high transportation costs, while still regarded as being traded on competitive markets. Instead, the cost 
of transportation can be considered an explanatory factor for why some roundwood consumers can 
behave non-competitively without the risk of attracting new actors to the woody market. While there is 
typically free entry to the forest industry sector, the sunk costs associated with entering a marketplace 
may potentially be too high to entice new actors. This is especially true if expected profits are low. It is 
also 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). However, Mead (1966) argues that the only significant 
entry barrier facing a new consumer is in procuring sufficient amounts of the woody feedstock. This is 
because a new production facility, in addition to the sunk installation cost, also has to secure long-term 
delivery of roundwood or risk being forced to shut down. If these arguments hold, there appears to be a 
clear first-mover advantage since building a mill will deter investors from entering the specific 
geographical market/region. Subsequently, an incumbent roundwood consumer may be able to behave 
non-competitively without the risk of being subject to increased competition. 
 
Since roundwood markets are usually characterized by a large number of independent forest-owners 
supplying a homogenous good, it is commonly assumed that the individual forest-owner cannot 
influence the market price. However, forest-owners can (potentially) increase their bargaining power if 
they join a Forest Owner’s Association (FOA). A FOA is a voluntary assembly of individual forest-
owners that can act as a counterweight to any demand-sided market power. As a consequence, FOAs 
can potentially invalidate the depiction of oligopsonistic roundwood markets (Brännlund, 1988). 
However, if the bargaining power of FOAs becomes too large they may force the price away from its 
long-run equilibrium level, thus creating an inefficiency themselves. However, the number of forest-
owners that are members in a FOA can vary widely between regions and over time (Brännlund, 1988; 
Lönnstedt, 2003; Stordal, 2004). Therefore, the bargaining power of the FOA may not be evenly 
distributed across a country. In addition, the FOA has no jurisdiction over its members and cannot force 
members to act in the interest of the collective outcome. As such, the roundwood volume supplied by a 
FOA should more accurately be viewed as the aggregated sum of supplied volume by its members rather 
than the action of a single actor (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 argument is supported by Stordal (2004), who examined the effects of pro-
competition initiatives on the Norwegian roundwood market. He concludes that FOAs have changed 
their modus operandi from acting as mediators on behalf of its members to becoming wholesalers. 
However, Stordal (2004) also found that the FOA’s possibility to exert market power is limited due to 
roundwood imports and the presence of (small) independent brokers. 
 

3.1 Characteristics and competition in forest sector models 
A forest sector model (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).6 
FSMs are generally implemented as partial equilibrium (PE) models (Northway et al., 2013; Turner and 
Buongiorno, 2013), often with a spatial dimension, and rest on the seminal works of Samuelson (1952) 
and Takayama and Judge (1964). The development and refinement of modern FSMs were conducted by 
Gilless and Boungiorno (1987), Kallio et al. (1987) and Zhang et al. (1997); thus creating the modeling 
approach that a majority of succeeding researchers have used since (Toppinen and Kuuluvainen, 2010). 
The basic structure is that quantities and prices are determined endogenously, and behavior is built upon 
the assumption of rational profit/utility maximizing agents (Latta et al., 2013). The strengths of the 
approach are that researchers can use it to analyze, explain and forecast developments on different 

                                                      
6 While many studies included in this review fit this definition, only partial equilibrium (PE) model in a forest and forestry 
setting are presented in the following section. 



5 
 

markets and for different actors (e.g., Northway et al., 2013).7 However, as noted by Toppinen and 
Kuuluvainen (2010), the effectiveness of a FSM as a tool depends on its modeling accuracy, both 
regarding production technology and the economical behavior of the agents. Hautamäki et al. (2012) 
argues that this type of economic model is based on strong assumptions and generalizations to avoid 
complexity. Assumptions, such as perfect competition, are made regardless of whether they are 
supported empirically or not. Buongiorno and Zhu (2015) and Solberg et al. (2010) acknowledges that 
not all roundwood markets and/or actors behave competitively. Subsequently, incorrect model 
specifications and assumptions may provide misleading results regarding e.g., the effectiveness of a 
policy, or how the price of roundwood will change over time.  
 
The FSM review indicates that a number of researchers do not address competition issues (e.g., Caurla 
et al., 2015; Hu et al., 2015; Kallio, 2010; Kangas et al., 2011; Li et al., 2008; Moiseyev et al., 2013; 
Schwarzbauer and Rametsteiner, 2001; Sjølie et al., 2011; Trømborg et al., 2013).8 That is to say, they 
assume competitive markets without addressing whether it is a justifiable claim. An exception is Adams 
and Haynes (2007), who assumed competitive roundwood markets but made persuasive arguments to 
why it is an appropriate assumption. In total, only one study, Ronnila (1995), implemented imperfect 
competition on forest product markets. Ronnila (1995) analyzed the Finnish paper industry under a 
quantity-setting Cournot oligopoly. The result suggests 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 roundwood, other consumers will alter their consumption behavior and prices will change. 
Subsequently, if the investment decision was based on initial price levels, changing roundwood prices 
may invalidate the decision to invest in new capital. This relationship is 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.  
 

4. Roundwood competition studies 
From the literature search, approximately 70 studies were identified as addressing various issues of 
roundwood competition.9 The commonality between the studies is that they are analyzing competition 
issues on roundwood markets, but otherwise exhibit a wide disparity in purpose, theoretical framework, 
applied method and data used. 
 
Crabbé and Long (1989) evaluated the length of the rotation-period for roundwood under both monopoly 
and competitive market structures. In general, it is expected that the rotation-period is shorter under a 
monopoly, resulting in lower volumes delivered and higher prices. However, Crabbé and Long (1989) 
found that in the long-run, the rotation period does not depend on the market structure. They argue that 
this result holds if two conditions are meet: (1) forests are uniformly regulated and do not have an 
alternative use, and (2), the supply of roundwood is perfectly elastic at a stationary opportunity cost. 
However, harvesting decisions are in reality more complicated since many factors are unknown before 
the decision is made, e.g., roundwood quality and/or quantity. As a consequence, forest-owners are 
operating under imperfect information and, depending on the cost of acquiring additional information, 
they may alter their harvesting decisions as additional information becomes available (Larson and 
Hardie, 1989).  
 
Bergman (1992b) examined monopsony price-setting behavior using the conjectures for a two-period 
game. He argues that a monopsony will earn higher profits if it is committed to monopsony pricing, 
rather than engaging in short-term price strategies trying to exhaust market supply. If forest-owners do 
not believe in the price commitment of the monopsonist, they will not supply any roundwood until prices 
                                                      
7 Note: this review is focusing on how FSMs have handled the notion of competition. For a more extensive review of FSMs at 
large see e.g., Buongiorno (1996); Hurmekoski and Hetemäki (2013); Latta et al. (2013); Toppinen and Kuuluvainen (2010).  
8 It is worth highlighting that the French Forest Sector Model (FFSM) developed 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 in feedstock markets. See result in e.g., Hautamäki et al. (2012) 
for comparison.  
9 Not counting FSM studies. 
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are raised, thus reducing monopsony profits. By keeping future roundwood prices low, the monopsonist 
will be able to earn greater profits than in the case it engages in sub-game imperfections. Furthermore, 
due to the fact that new supplies of roundwood will become available in later periods through growth in 
existing inventory, Bergman (1992b) suggests that the monopsonist’s bargaining power will strengthen 
over time. Producers that anticipate that more roundwood will become available later on will increase 
supply in the early period, thus lowering the price in all periods. Therefore, forest-owners may not be 
able to postpone harvesting to wait for higher prices since other forest-owners may be willing to sell at 
current prices and may have new inventories ready for harvest in later periods. However, if a 
monopsonist face 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 conditions, the roundwood consumer must consider spatial quantity discrimination. That is, 
a roundwood consumer purchases a specific volume of the woody feedstock at each distance from the 
mill, at whatever price. However, Löfgren (1992) maintains that a spatial monopsony will only start to 
quantity discriminate after full capacity is realized. The probability of the woody consumer having to 
resort to this is unlikely as the feedstock market has an excess demand tendency (Löfgren, 1992). 
 

4.1 Market structure 
Pulpwood markets are generally thought off as operating under imperfect competition due to a highly 
concentrated demand-side; whereas the supply-side is usually fragmented, with a large number of 
individual forest-owners (e.g., Brännlund, 1989; Murray and Prestemon, 2003). Furthermore, over the 
last decade, the trend on pulpwood markets are that the number of consumers (i.e., pulp and paper mills) 
are decreasing (Kallio, 2001a; Mutanen and Toppinen, 2007), while the production capacity of the 
representative mill has increased (Stordal, 2004). This development can be explained by 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 
suggests a strengthening of the pulp and paper industry’s market power.10 Therefore, the pulpwood 
market has been described as operating under 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).  
 
A number of studies have specifically tested the hypothesis of competitive roundwood markets. 
Roundwood markets in the US were analyzed by Asinas (2001) using a non-parametric model approach. 
The results are somewhat inconclusive. Depending on the weight of technical change, roundwood 
markets varied between competitive, oligopsonistic and monopsonistic. However, the results are more 
conclusive when only considering pulpwood markets, which are found to be operating under an 
oligopsony or monopsony. Toppinen (1998) examined the Finnish roundwood markets, but could not 
reject the hypothesis of competitive roundwood markets. Bernstein (1992) used a dynamic multiple 
product model to assess price margins and the industry capital adjustment for the Canadian pulp and 
paper industry. The result suggests that the industry sector is competitive in both markets for pulpwood 
and end-products. Ronnila and Toppinen (2000) constructed an economic model based on the works of 
Appelbaum (1982) and Bergman and Brännlund (1995). The result suggests that the Finnish pulpwood 
market is competitive, but that the pulp and paper industry has market power on the woodchip market. 
Bergman (1992a) and Bergman and Nilsson (1999) used conjecture variation models to examine the 
pulpwood market. In Bergman and Nilsson (1999), the hypothesis of market power on the Swedish 
pulpwood market is rejected in three different estimations; while 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 is 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. 

                                                      
10 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 roundwood 
prices (Mei and Sun, 2008). However, Lönnstedt and Sedjo (2012) highlight that a future bioeconomy could inflate global 
demand (and prices) for roundwood and thus reduce market power for the pulp industry.  
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Bergman and Brännlund (1995) and Mei and Sun (2006) used conjecture elasticity tests, while Mei and 
Sun (2008) and Murray (1995a) constructed economic models, to analyze and assess the competitive 
situation on pulpwood markets. Both Bergman and Brännlund (1995) and Murray (1995a) found that 
the pulp and paper industry has market power, but that the degree is relatively low (i.e., more or less 
competitive markets) and varies over time. Bergman and Brännlund (1995) claims that the result 
indicates unstable cartel behavior, which is consistent with the 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 US paper and paper industry has been able to exert market power on pulpwood 
markets for several decades. In Mei and Sun (2006) it is suggested that environmental regulations may 
also help to explain why imperfect market outcomes continue to prevail on pulpwood markets. They 
argue that more stringent environmental regulations may have unintended consequences and create entry 
barriers onto pulpwood markets. Kallio and Kallio (2002) used a non-parametric production method and 
data envelope analysis to examine the Finnish pulp and paper industry. They 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 pulp and paper industry in Finland has not always 
maximized profits, which indicates non-competitive market behavior.  
 
Compared to pulpwood markets, sawlog markets are usually characterized as operating under more 
competitive forms (e.g., Murray and Prestemon, 2003). The demand-side is generally assumed to be 
more densely populated than on the pulpwood market, and sawmills are on average smaller compared 
to pulp and paper mills (Brännlund, 1988; Murray, 1995a; Stordal, 2004). Therefore, sawlog consumers 
are not expected to have the same opportunities to engage in non-competitive behavior. In addition, as 
the cost of sawlogs constitute a large share of the mill’s total average cost, sawmills are generally 
required to be active on the local feedstock markets to secure its long-run sawlog requirements and to 
keep acquisition costs down. However, due to differences in regional markets, sawlog consumers may 
sometimes be able to exert market power on local feedstock markets (Kumbhakar et al., 2012). Murray 
(1995a) found some historical indications of non-competitive behavior on the US sawlog market, but 
that the degree of market power was quite small and disappeared over time. Stordal and Baardsen (2002) 
argues that the Norwegian sawlog market has developed towards fewer and larger actors on both the 
demand and supply side. However, Stordal (2004) still concludes that the Norwegian sawlog market is 
competitive. Kumbhakar et al. (2012), on the other hand, found signs that Norwegian sawmills have 
operated under imperfect competition for the period of 1974-1991. It is worth noting that smaller 
sawmills were able to extract higher mark-ups than larger mills. Kumbhakar et al. (2012) suggests that 
this is because smaller mills produce more specialized niche products for regional/national consumption 
rather than bulk products for export. Finally, Rodriguez (2004) found that the lumber market in 
Colombia is operating under imperfect competition, and that sawmills are price-setters rather than price-
takers on feedstock markets. Prevailing socio-economic conditions and poorly defined property rights 
are highlighted as the main factor as to why Colombian forest-owners are unable to influence sawlog 
prices.  
 

4.2 Temporal and price aspects 
In general, the degree of market power exerted on roundwood markets appear to vary over time (e.g., 
Kallio, 2001a). Koutroumanidis et al. (2009) found some indications of asymmetry in price 
developments on roundwood markets, which can be explained by imperfect market structures. In a study 
simulating the behavior of Finnish pulpwood consumers, Kallio (2001a) found that non-competitive 
behavior is only viable during economic recessions; while during economic booms, firms will produce 
at capacity. Roundwood prices are shown to vary between (Cournot) oligopsony and (collusive cartel) 
monopsony levels during recessions. This result, i.e., varying degree of market power, is in line with the 
general findings from Bergman (1992a); Bergman and Brännlund (1995); Kumbhakar et al. (2012); Mei 
and Sun (2006, 2008); Murray (1995a). In a study of the Argentinean pulp and paper industry, Braier et 
al. (1997) suggests that a roundwood consuming firm will only be able to exploit oligopsony market 
power if it engages in long-term planning of roundwood procurement. This result is in line with Bergman 
(1992b), where it is shown that a monopsony has to commit long-term to a low price-setting scheme to 
maximize profits.  
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4.3 Market interdependencies 

Kallio (2001b) analyzed the interdependence of different roundwood categories, and how the 
interdependency, together with market structures, affects the composition of the demand-side. The 
theory being that imperfect pulpwood markets will result in increased production from sawmills 
operated in conjunction with a pulp and paper mill, when compared to the equivalent independent 
sawmill. This market development is a consequence of woodchips (a by-product from sawmilling) being 
used as a feedstock (substitute to pulpwood) by the pulp and paper industry.11 From a societal 
perspective, this development may facilitate a sectoral growth of the sawmill industry that is greater 
than what is desirable. On the other hand, imperfect sawlog markets will also influence the pulp and 
paper industry, since sawlog demand and output of sawn goods will be reduced, and as a consequent, 
supply of woodchips will decrease. Therefore, Kallio (2001b) argues that sawlog prices are a function 
of both pulpwood- and woodchip prices.  
 
On a transnational level, the integration of European roundwood markets have increased competition 
and reduced price-setting capabilities of domestic forest-owners in countries with a surplus demand for 
roundwood (Stordal, 2004; Zafeiriou et al., 2012). This realization entails that domestic roundwood 
prices are, in addition being a function of sub-categories and by-products, also a function of foreign 
(European) roundwood prices.   
 

5. Roundwood competition issues 
Based on the initial article search, we were able to identify three distinct sub-categories dealing with 
roundwood competition issues. These studies examined the effects of: (i) backstop markets, (ii) the law 
of one price, and (iii), horizontal and vertical integration; which can help to explain the competitive state 
of roundwood markets. 
 

5.1 Backstop markets  
As roundwood is simultaneously available on many different markets (e.g., delineated by geography or 
wood type) it is vital to understand that “where” consumers procure their woody feedstock is of 
importance, since the decisions may influence a given market’s ability to operate efficiently. This is 
highlighted by the fact that consumers have been observed to pay different prices for the same good on 
different (spatial) markets (Johansson and Löfgren, 1983). When consumers can purchase roundwood 
on alternative markets to their ordinary market12 it can be said that they have access to a backstop market 
(e.g., Löfgren, 1989). Roundwood consumers that are vertically integrated with forestry can also be 
argued to have access to a backstop market. The ownership of forestland can be viewed as security 
against running out of woody materials, but also as a way of guarding against unexpected price changes 
and/or as leverage when negotiating prices (Lönnstedt, 2003). The harvest behavior of the forestland 
owning consumer is usually negatively correlated with supply on the open market (Brännlund, 1988). 
There are a number of reasons for consumers to operate on different roundwood markets. One reason, 
suggested by Johansson and Löfgren (1983), is that consumers perceive that they are faced with a 
bidding constraint on their ordinary market. To increase the purchased volume of roundwood, the price 
has to increase. However, increasing the price in one period will force consumers to pay the new price 
for a foreseeable future (Lowry and Winfrey, 1974). If the consumers believe that they are facing a 
kinked/backwards bending supply curve on their ordinary market, they will never raise the price as a 
means to increase supply; instead the backstop market is used (Johansson and Löfgren, 1983; Löfgren, 
1989). Another explanation is that supply on the consumer’s ordinary market is stochastic and therefore 
difficult to forecast, while availability and prices are known on (international) backstop markets 
(Löfgren, 1989).  
 

                                                      
11 By-products from the sawmill sector are: sawdust, woodchips and bark. These woody commodities can be used as input by 
other forest industries or to satisfy the sawmills energy needs.  
12 An ordinary market is defined as the market the consumer would operate on normally. Generally, this market is the one 
closest geographically to the consumer and can be the regional or national woody feedstock market. 
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However, the existence of backstop markets may allow consumers to behave non-competitively on their 
ordinary market. Purchasing roundwood on, e.g., international markets will cause demand on the 
ordinary market to fall, and consequently the price will decrease (Johannson and Löfgren, 1985; 
Löfgren, 1989).13 However, our review indicates that the connection between backstop markets and 
market competition is 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 roundwood should be viewed as a substitute rather than a complement to domestic 
roundwood.14 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 roundwood does not automatically entail that Finnish consumers will (or can) take advantage 
of the reduced bargaining power of the supply-side.  
 
A general insight from the review suggests that consumers will choose to operate on multiple markets 
simultaneously as a mean to secure long-term procurement of roundwood (Bergman and Löfgren, 1989, 
1991). The connection between forestland ownership and profitability was found by Li and Zhang 
(2014), who showed that forestland ownership in the US has a positive effect on the consumer’s 
profitability and capacity to handle uncertainty. This result can help to explain why roundwood 
consumers own forestland and procuring woody materials on foreign markets, even though the ordinary 
market has the capacity to satisfy roundwood demand.  
 

5.2 Law-of-one-price 
In its strictest form, the law-of-one-price (LOP) states that in the absence of transportation costs, 
identical goods in different regions/countries should be priced the same when calculated into a common 
currency (e.g., Nagubadi et al., 2001). If the difference in price between spatial markets is equal to the 
transaction cost, the price is said to follow the weak version of the LOP (Karikallio et al., 2011). When 
spatial markets have different prices for identical good that is not reflected by transportation costs, there 
are opportunities for arbitrage. Under such circumstances, trade 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). If 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, non-integrated markets can also 
exhibit 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). This suggests that if 
trade in roundwood is regional in character, spatial oligopsonies can emerge, and cause suboptimal 
resource allocation (e.g., Yin et al., 2002). Under such circumstances, LOP will not hold as prices will 
develop non-parallel 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 forest-owners (Baharumshah and Habibullah, 1995). Zhou and Buongiorno 
(2005) argue that non-integration between prices may suggest non-competitive roundwood markets. 
Using the southern regions of the US as a case, Zhou and Buongiorno (2005) found that the price of 
pulp and paper products and the price of pulpwood are not integrated. That is to say, changes in the price 
of pulp and paper products are not passed-through to the roundwood market. In contrast Ning and Sun 

                                                      
13 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 to sustain profits.  
14 To estimate national preferences for a good, Armington elasticity of substitution can be used. The Armington elasticity 
estimates the degree of substitution between imported and domestics goods due to changes in the relative price (Lundmark and 
Shahrammehr, 2011a). The parameter can therefore be used to estimate preference biases for certain goods and help to explain 
the direction of trade, and are specifically useful in larger trade models (Lundmark and Shahrammehr, 2011b). See e.g., 
Lundmark and Shahrammehr (2011a, 2011b) for Armington elasticity estimates for woody feedstock materials in Europe and 
in Sweden.   
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(2014) found integration between sawlog and lumber prices, thus suggesting that these markets are 
competitive.   
 
Integration analysis can provide important information regarding the competitive state of a market, and 
highlight whether there are welfare gains to be made (Thorsen, 1998). However, integrated markets are 
not a sufficient condition for a competitive equilibrium, nor does it imply efficient allocation of 
roundwood (Toivonen et al., 2002; Toppinen and Toivonen, 1998). In addition, similar price 
developments on different spatial markets are a necessary but not sufficient condition for markets to be 
considered integrated, as price correlation does not automatically entail that there is a profound 
relationship between markets (Murray and Prestemon, 2003; Niquidet and Manley, 2008; Uri and Boyd, 
1990). Consequently, 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 review is somewhat ambiguous to whether or not roundwood markets are integrated (or if LOP 
holds). A number of studies have (more or less) found uniform support for the concept of spatially 
integrated roundwood markets, implicitly suggesting that feedstock markets are competitive (e.g., Jung 
and Doroodian, 1994). At the same time, other studies have found no evidence that roundwood markets 
are integrated, imply imperfect competition (e.g., Daniels, 2011). Yet another result is that of partially 
integrated markets (e.g., Niquidet and Manley, 2008, 2011). Partial integration allow some woody 
feedstock markets to be integrated while others are not. From a competition perspective, this suggests 
that different regions may have differences in which markets that are competitive and non-competitive, 
making general competition assumption ill advised. A general insight from the review is that the degree 
of market integration decreases as distances between markets become larger (Bingham et al., 2003; 
Nagubadi et al., 2001; Prestemon and Holmes, 2000; Yin et al., 2002). This is due to the high 
transportation cost of roundwood, which can result in unbalanced prices. Another insight is that the 
existence of LOP will, to a certain extent, depend on the aggregation level of examined markets.  
 

5.3 Horizontal and vertical integration  
Mead (1966) argued that the only significant entry barrier facing a new roundwood consumer is in 
securing long-run delivery of the woody feedstock. The decision to enter or expand operation on non-
competitive (or competitive) roundwood market will thus have an effect on the price level, since it will 
increase aggregate demand. To avoid or reduce price movements, increasing the size of operation can 
be made through mergers and acquisitions (i.e., horizontal integration) or by internalizing the 
roundwood supply by acquiring forestland (i.e., vertical integration).15 By integrating horizontally, a 
roundwood consumer can increase its market share without engaging in strategic price behavior, which 
may result in increased roundwood prices and reduced profits (Ronnila, 1995). An increased market 
share can also result in an actor obtaining market power (Diamond et al., 1999). On the other hand, 
horizontal integration of different types of industries (e.g., pulp and paper mill and sawmill) into a single 
roundwood consuming entity may improve allocation of roundwood by internalizing trade, thus 
reducing acquisition costs (Kallio, 2001b). Vertical integration can also affect the structure of 
competition. For instance, if roundwood markets are operating under imperfect competition, supply will 
be reduced, forcing internal production of roundwood to increase, and in total, net consumption of 
roundwood may be reduced (Murray, 1995b). Thus, to acquire additional roundwood, a consumer has 
to raise prices. However, if the supply curve is relatively inelastic, only a small amount of additional 
roundwood will be supplied when prices are raised (Lönnstedt, 2003; Murray, 1995b). Therefore, when 
markets are non-competitive, there are incentives for consumers to supply additional roundwood from 
their own forestlands, even at costs above prevailing market prices (Lowry and Winfrey, 1974; Murray, 
1995b). On the other hand, there are no 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.  
 
Similar to the general insight from backstop studies, the review indicates that consumers will integrate 
vertically mainly due to supply concerns and as a way to increase (or retain) bargaining power 
(Lönnstedt, 2003, 2007; Lönnstedt and Sedjo, 2012; Murray, 1995b; Schmelzle and Flesher, 1991); 
                                                      
15 Vertical integration can also be viewed as acquiring a backstop market, as noted above. 
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while the reasons for horizontal integration appears more ambiguous. It is possible that horizontal 
integration is viewed as a way of diversifying firm activity, increasing profitability and lowering the 
overall woody procurement cost. For example, roundwood that does not satisfy sawlog requirements 
can easily be allocated to the horizontally integrated pulp and paper mill. Similarly, by-products from 
an integrated sawmill can be used as a woody input in pulp production, without having to entering into 
a procurement contract with a stand-alone sawmill operator; thereby lowering the acquisition cost of the 
woody feedstock.  
 

6. Conclusion 
The purpose of this study was to review and assess the current state of knowledge relating to the 
competitive situation on forest product markets. To achieve this we specified one general research 
question and three sub-questions. The result of our review is somewhat inconclusive, since no general 
or definitive answer regarding the competitive state of roundwood markets can be derived. However, 
the review suggests that forest industries choose to operate on different markets and/or acquire their own 
forestland as a means of guaranteeing long-term woody procurement, rather than as a way of exerting 
market power. The review also indicates that market integration is directly connected to geographical 
distances and the cost of transporting the woody feedstock. Our expectation is that this study will help 
to increase the general understanding of how competition issues affect efficiency and allocation on forest 
product markets.  
 
A cursory examination of how competition issues are handled in FSMs suggests that the majority of 
researchers do not explicitly reflect upon the subject. A general finding from the review suggests that 
this is primarily because FSMs are built upon pre-existing methodology, which assume perfect 
competition for the model to solve properly. Consequently, our understanding of how non-competitive 
aspects affect the forest sector from a modeling perspective continues (to some extent) to be limited.  
 
The result of the review indicates that roundwood markets are complex and multifaceted. Even though 
there appears to be a first-mover advantage and the description of roundwood markets indicates that 
they may be subject to non-competitive behavior, the simultaneous and continuous decisions made by 
market-actors may reduce the probability of this outcome. Based on the result of the review, we would 
argue that researcher must be mindful of how spatial and temporal conditions influence market 
outcomes. The review suggests that aggregated roundwood markets (i.e., national/continental/global) 
will operate close to perfect competition, while disaggregated markets (local/regional) are, to greater 
extent, subject to non-competitive behavior. However, increased investment in infrastructure will help 
to lower transportation costs of the woody feedstock, thereby increase market integration and 
diminishing the potential for spatial market imperfections (e.g., oligopsonies) to emerge.  
 
Over the past 20 to 30 years, the forest industry sector has developed towards fewer and larger 
(capacity/production) mills. However, non-competitive market outcomes have not become more 
prevalent in academic literature as forest industry sectors become more concentrated; rather the opposite 
appears to be the case. Base on the general insights gained from the review, we suggest that the increased 
production capacity of individual mills may help to explain why roundwood consumers are not engaging 
in non-competitive behavior. The economic implications (i.e., losses) of running out of woody feedstock 
increase exponentially with production. Subsequently, roundwood consumers become less interested in 
engaging in short-term profit maximization schemes (i.e., exerting market power), and more occupied 
with the procurement of the woody feedstock, thus maintain production and securing long-term 
profitability.16 Larger forest industries are therefore more likely to enter into long-term feedstock 
contracts with third parties (i.e., brokers, FOAs or large-scale forest-owners) to satisfy their baseline 
production needs.17 Additionally, short-term profit maximization schemes may involve a long-term 

                                                      
16 This argument rests on the assumption that the representative mill becomes more risk adverse as the size of the potential loss 
increases. It is possible to express this relationship in a (potential) gain/loss ratio, or as the share of total profits the extra 
economic gains constitute. In both circumstances, the smaller the value, the lower the probability of representative mill 
choosing to exert market power on the woody feedstock market, under the above noted assumption.  
17 As done by e.g., Smurfit Kappa (pulp and paper mill) and Sveaskog (public forest-owner) (Skogsaktuellt, 2010). 
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commitment from the roundwood consumer, making the probability of non-competitive behavior even 
less likely. These arguments follows the seminal works of Coase (1937, p. 394) and his “decreasing 
returns to the entrepreneur function”. That is to say, the transaction cost of acquiring the woody 
feedstock will increase with the size of the firm, and the cost of engaging in market imperfections will 
be added onto the firm’s already spiraling transaction costs. Similar to the notion that there exists a limit 
to a firm’s internal growth before it starts outsourcing/purchasing goods on markets; it can be argued 
that there exists a limit to the advantage of engaging in non-competitive market behavior offers an 
expanding/large firm. That is, as the size of the firm’s activity increases, the probability of the firm 
exerting market power will decrease. Only when some predetermined baseline production is achieved 
will the firm start suppressing feedstock prices.  
 
A possible explanation why the review was unable to find a conclusive answer regarding the competitive 
state of roundwood markets may be that the existence and degree of market power varies over time and 
space. Consequently, what is true for one time-period in one region may not be the same in following 
periods, or in neighboring regions. Some argue that this varying market power indicates unstable 
purchasing cartels, while others argue that woody consumers are only able to exert market power during 
economic recessions, since they will not operate at full capacity and thus require less roundwood. Based 
on the general insight from the review, we suggest that anti-trust regulators should be extra vigilant on 
spatial forest product markets when roundwood consumers are able to satisfy some baseline feedstock 
needs (e.g., break even or minimum revenue levels).18 Only when these levels are reached can it be 
expected that roundwood consumers will engage in non-competitive market behavior. During 
recessions, all economic activities, including the forest industry’s production level, is expected to 
decrease and less roundwood is required. This entails that the probability of non-competitive behavior 
taking place is more likely during economic downturns. This behavior has been suggested/observed in 
some of the included studies.  
 
From a bioenergy perspective, we suggest that additional research is warranted regarding the 
competitive state of markets for secondary forest products (i.e., harvesting residuals). Such a study is 
motivated by the realization that these are emerging and developing markets; where combined heating 
and power (CHP) plants using woody biomass as feedstock may constitute a natural spatial monopsony. 
However, the consequence of cross-price effects on markets for harvesting residuals should also be 
examined, since it may reduce the CHP’s ability to exert market power. On a similar note, further studies 
into the competitive state of woody by-product markets (i.e., sawdust, bark and woodchips) are also 
needed. An overall more encompassing bio-economy will put increasing strains on woody feedstock 
markets in general, and the secondary markets in particular. As demand for woody biomass is expected 
to increase in the future, it is therefore vital to understand how all feedstock markets operate.  
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Abstract: 
The Norrbotten County Forest Sector Model (NCFSM) is a regional partial equilibrium (PE) model that 
includes all the current major forest industries in three geographical regions, and future prospective 
woody user (i.e., consumers) in the aggregated iron- and steel industry (ISI) sector. As an initial case, 
the three included regions are Norrbotten County, and the Rest of northern Sweden, and Northern 
Finland. The addition of the ISI sector represents a novelty in terms of modeling the value-chain of 
woody material within the Swedish context, and more specifically in Norrbotten County. The primary 
purpose of this paper is to provide a detailed technical description of model assumptions, structure, and 
data input. While the NCFSM initially was developed to explore the effect of changing market 
conditions and increased feedstock competition, the model is well-suited to analyze a wide array of 
different research questions connected to the forestry and forest industry.  
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1. Introduction 
This paper develops and outlines the technical description of the Norrbotten County Forest Sector Model 
(NCFSM), a regional partial equilibrium (PE) model. The primary purpose of this paper is to, in detail, 
describe and explain the model’s inner logic and composition; with the secondary function being as a 
source of reference to future policy application studies. As such, a detailed description of the model’s 
assumptions, structure, primary data sources, potential flaws and strengths, and future developments are 
all presented and discussed.  

The NCFSM is a static, one-period, optimization model. The model’s sectoral coverage includes all the 
major forest sectors and the woody material flows in and between three different geographical regions, 
located in northern Sweden and Finland (Figure 1). In addition to the existing regional forest industry, 
the model also includes the iron and steel-industry (ISI) as a potential large-scale user (i.e., consumer) 
of woody materials. The addition of the ISI sector represents a novelty in terms of modeling the value-
chain of woody material, and allows for the analysis of the economic implications of a green steel 
industry. The NCFSM is designed to capture regional supply, demand and trade of different forest 
feedstocks. As such, the model is well-suited to assess regional welfare, price and resources allocation 
effects from: (1) changing demand patterns, e.g., from the establishment of new industries or areas of 
utilization; (2) introduction of supply restrictions, e.g., preservations and protection of ecosystems; or 
(3) implementation of economic instruments, e.g., climate and energy tax and subsidy schemes. 

Buongiorno et al. (2003) define three categories of forest models: computable general equilibrium 
models (CGE), partial equilibrium models (PE) and timber supply models. CGE models rest on 
macroeconomic theory and a social accounting matrix to model all economic flows, and is used to 
highlight links between the forest sector and the rest of the economy (e.g., Furtenback, 2011). PE models 
explore a specific subsection the of whole economy (e.g., Figure 3), while timber supply models are 
primarily implemented to handle global timber supply issues (e.g., Sedjo and Lyon, 1996). The use of 
PE models in a forestry and forest industry setting, commonly referred to as a Forest Sector Model 
(FSM), have become more common over the past three decades, and is the most frequently used 
approach to forest modeling (Buongiorno et al., 2003).1 Buongiorno (1996) argues that this modeling 
approach was developed and refined through the TAMM (Adams and Haynes, 1980), PAPYRUS 
(Gilless and Buongiorno, 1987), and GTM (Kallio et al., 1987) models. Where the latter is in many 
regards considered the genesis of modern FSMs (e.g., Buongiorno, 1996). The general idea of PE models 
is to transform a system of spatial equilibriums into a maximization problem (Samuelson, 1952). This 
is done by defining an objective function in which the sum of consumer and producer surpluses are 
maximized, and the cost of trading between different spatial markets is removed, since it represents an 
efficiency loss to the system (e.g., Lestander, 2011). At equilibrium, the price difference across markets 
will equal the transportation cost (Samuelson, 1952; Takayama and Judge, 1964). Supply, demand, trade 
flows, and prices are endogenously determined in a PE model, but are conditional on exogenous 
activities (Buongiorno et al., 2003). The benefit of using this type of model in a forest sector setting is 
that it can produce informative and comparable results for specific circumstances, or as Toppinen and 
Kuuluvainen (2010, p. 6) concludes: “…[FSM] are tools that can translate the behavioural information 
of econometric studies on markets […] into scenarios on the future development of the forest industry.”  

The development and application of FSMs in the Swedish context is a relatively recent addition to the 
literature.2 The Swedish Forest Sector Trade Model (SFSTM) was first developed by Lestander (2011), 
and later modified and expanded by Carlsson (2012) in SFSTM II, to analyze the effect of increased 

                                                      
1 For a more extensive review of forest PE model see e.g., Hurmekoski and Hetemäki (2013); Latta et al. (2013); 
Toppinen and Kuuluvainen (2010). 
2 While there are numerous studies analyzing the Swedish forest sector (e.g., Ankarhem, 2005; Geijer et al., 2011), 
to the author’s best knowledge, Lestander (2011) developed the first Swedish forest PE model (i.e., a Swedish 
FSM) in a spatial setting. However, the author acknowledges the possibility of earlier Swedish FSMs.  
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competition of forest fuels. The regional delineation of the models included Sweden, represented by 
four domestic regions, and the rest of the world to account for foreign trade. Carlsson (2012) analyzed 
the effect of different bioenergy targets on the forestry and forest industry sectors. Similarly, Olsson and 
Lundmark (2014) analyzed the degree of feedstock competition between forest industry sector and the 
heating sector. Sweden was treated as one aggregated region, with four industries, three woody 
feedstocks, and six outputs. Mustapha (2016), on the other hand, used a more detailed spatial/geographic 
modeling delineation in the Nordic Forest Sector Model (NFSM). The model incorporates the forest 
sectors of Norway, Sweden, Finland and Denmark on a regional level (except Denmark). The primary 
objective of the NFSM is to analyze the role bioenergy plays in future energy systems. 

1.1 The Swedish iron and steel industry 
Sweden has three ore-based steel and iron mills with a total crude steel production of approximately 4.9 
million tonnes (Mton), ten scrap-based mills and 15 finishing plants (Jernkontoret, 2017). The largest 
crude steel mill in Sweden, with a capacity of 2.55 Mton of hot metal3 per year is located in Norrbotten 
County (SSAB Luleå). In 2008, this mill produced 66% of all hot metal in Sweden, and the same year 
it emitted 3.7 Mton of CO2 into the atmosphere, corresponding to 59% of the total CO2-emissions for 
the sector (Wang et al., 2015).4 On a national level, the ISI sector emits 35% of all industrial greenhouse 
gases (GHGs), and as a consequence, is Sweden’s single largest industrial polluter (SEPA, 2017a).  

However, there are technologies that can be implemented in the steel-making process that reduce fossil 
based CO2-emissions.5 Amongst these are technologies using woody biomass as the primary feedstock 
to produce green alternatives (e.g., charcoal) that can partially or fully substitute the use of conventional 
fossil fuels (Larsson et al., 2014; Mandova, 2017; Suopajärvi and Fabritius, 2013). The hesitation to 
implement new green technologies is partially due to the large costs and uncertainties they can entail, 
but also the technological look-in’s and large costs that have already been incurred by investing in fossil 
fuels (Wang et al., 2015). The introduction of pulverized coal injection (PCI) has increased the viability 
of refined woody biomass as an alternative to fossil fuels (Larsson et al., 2014; Wang et al., 2015). PCI 
is a production process that allows an auxiliary fuel, in this case pulverized coal, to be blown into the 
blast furnace as a way of introducing additional carbon, thus speeding up the process, and reducing the 
amount of coke needed (Wei et al., 2013). The use of coal can partly or fully be substituted with charcoal, 
i.e., refined woody biomass (Wang et al., 2015; Wei et al., 2013). Consequently, PCI offers a relatively 
easy and efficient way to reduce fossil emissions, and is the only viable way to replace large quantities 
of fossil fuels that does not entail large investments in existing facilities (Wang et al., 2015).6 However, 
a limiting factor is that Sweden currently does not have any industrial production of charcoal (Wei et 
al., 2013). This may partially explain why charcoal is not presently in use by the Swedish ISI sector. 
However, there are plans of building large-scale plants using either slow pyrolysis process or 
torrefaction to refine woody biomass some 90 and 270 kilometers (km) from SSAB Luleå (Swerea-
Mefos, 2017). 

                                                      
3 Hot metal is the molten iron that is being produced in a blast furnace. This commodity that has to be further 
refined in a Basic Oxygen Furnace (BOF) into crude steel, which is the first solid state of the commodity, before 
it can be consumed or traded. Crude steel can be used to produce steel and other products. However, the process 
of turning crude steel into consumable goods takes place outside of Norrbotten County. To avoid modeling 
mistakes and misunderstandings the steel mill sector is assumed to produce hot metal, further refinement and 
addition of further carbon is not considered in the NCFSM.  
4 In 2017, the mill’s production share was 70% of all ore-based crude steel in Sweden (SSAB, 2017). 
5 It is worth noting that the total amount of CO2 emitted in the steel-making process will not necessarily be reduced 
by switching to refined biomass. In a best case scenario, the amount of CO2 emitted by using refined biomass in 
the blast furnace will be equivalent to that being consumed during the growth of the woody material, and 
consequently the feedstock can be viewed as carbon-neutral.  
6 There are additional production technologies that can be implemented to reduce dependency on fossil fuels (e.g., 
Suopajärvi et al., 2017). However, in this article, only the use of charcoal and PCI is considered.  
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2. Model outline 
Figure 1 depicts the three geographical regions of the NCFSM: (i) Norrbotten County (NB); (ii) Rest of 
northern Sweden (RoNS), which includes the counties of (1) Västerbotten, (2) Västernorrland and (3) 
Jämtland; and (iii) Northern Finland (NF), which includes the administrative regions of (4) Lapland and 
(5) Northern Ostrobothnia. These regions make up approximately 40-50% of the countries’ total land 
area, but only 9-11% of the total population.  

 
Figure 1: Regional areas included in the NCFSM 
 

In both Sweden and Finland, a majority of the forestland is privately owned, while the forest industry 
and government have smaller, but still substantial holdings, ranging from 9-25% and 3-26%, 
respectively (Metla, 2014; SFA, 2014). The non-private share of forest ownership is not evenly 
distributed across Sweden. The largest public forest-owner in Sweden, Sveaskog, owns approximately 
36% of all productive forestland in Norrbotten County (Sveaskog, 2011). A similar skewness in 
ownership distribution can also be observed in Finland (Korhonen, 2015). Regardless of ownership 
categories, the included regions are mostly forested and have large growing timber stocks, as shown in 
Table 1. These geographical conditions have facilitated the establishing of a large forest industry sector, 
which in turn have created regional woody feedstock markets. 

Table 1: Regional timber stock, and share of land area 
County or 

administrative region
Growing stock, forestland,  

all species (million)1 
Productive forestland of 

total land area 
Forestland of total  

land area 
Norrbotten County 408.7 40% 59% 

Västerbotten County 373.2 59% 72% 

Västernorrland County 250.1 80% 89% 

Jämtland County 369.0 56% 72% 

Total Sweden 3444.6 58% 69% 

Lapland 390.2 40% 61% 

Northern Ostrobothnia 241.3 63% 77% 

Total Finland 2234.9 56% 66% 

1  Growing stock in Sweden given in m3sk – cubic meter standing volume, stem volume over bark from stump to tip 
(SFA, 2014). Growing stock in Finland given in m3 (LUKE, 2017). 

Source: SLU (2017) and LUKE (2017) 
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Figure 3 is a graphical representation of the NCFSM, composed of the four existing forest industries, 
i.e., sawmill (SM), pulp and paper mill (PP), wood pellets (WP) and bioenergy (BE) sectors, in addition 
to the two potential woody biomass consuming industries of the steel mill (ST) and bio-charcoal (BC) 
sectors. However, the ISI sector is by assumption only located in Norrbotten County. The wood-board 
(plywood, fiberboard and particle board) sector is not included in the model. The industry sector is 
relatively small in Sweden (SFA, 2014), and is totally absent in Norrbotten County. Therefore, the 
exclusion of the wood-board sector is deemed to not affect the model result.  

Figure 2 shows the regional distribution of the included forest industries. In the three regions, there are 
a total of 31 sawmills, 13 pulp and paper mills, 16 wood pellets mills and 37 bioenergy producers. In 
the model, individual mills are aggregated into larger industrial sectors, one for each region. However, 
data for the bioenergy sector in Northern Finland is collected on an aggregated regional level (see Table 
2 for sector production capacity on a regional level). 

In the model, each sector produces one specific end-good, but its production can be split into a number 
of different activities, each using a different production technology. The sawmill sector produces sawn 
wood as its end-good. Only sawmills with an annual production of over 50,000 m3 are included in the 
model. This is primarily due to data reliability and accessibility issues. Another reason for excluding 
smaller sawmills are that they often produce niche products (Kumbhakar et al., 2012) and/or operate the 
mill in connection with other business enterprises. In addition to producing sawn wood, the sawmill also 
produces three by-products: woodchips (WC), sawdust (SD) and bark (BK), which can be used by other 
sectors as a woody input. Kraft paper is assumed to be the only end-good being produced by the pulp 
and paper sector. This assumption is made because it is the main paper product produced in Norrbotten 
County. The sector is split into two activities: PP1 and PP2; where the former uses woodchips and 
pulpwood, and the latter only use pulpwood. The wood pellet sector uses sawdust as input to produce 
pellets, which can be used both as an intermediate product and as an end-good. The bioenergy sector, 
defined as the aggregated district heating (DH) in a region,7 is split into six different activities, one for 
each input alternative (i.e., pulpwood, harvesting residues, woodchips, sawdust, bark, and pellets). The 
ISI sector is split into two sub-sectors: (1) the bio-charcoal sector, which in turn is divided into two 
activities (pulpwood and sawdust), both producing the intermediate good charcoal; and (2) the steel mill 
sector, which is assumed to produce hot metal (see Tables 4 and 5 for numerical estimates of each 
activity woody requirements).  

It is assumed that the forestry sector supplies two roundwood types: sawlogs (SL) and pulpwood (PW). 
It is further assumed that sawlogs are only used by sawmills; while pulpwood is primarily used by pulp 
and paper mills, but can potentially also be used by the bioenergy and bio-charcoal sectors. Empirically, 
there are clear requirements for sawlogs regarding length, girth, and quality of the roundwood; whereas 
for pulpwood the requirements are not as strict. Roundwood that is harvested primarily for its energy 

                                                      
7 For Northern Finland the industry sector is made up by local combined heating and power (CHP) plants. The 
reason for this deviation is that there are no readily and reliable data for the production of heat alone. It is assumed 
that the bioenergy sector in Northern Finland only produce heat as an output.  

Figure 2: Sector distribution across the three regions
Sources: Bioenergi (2017); EI (2017); FFI (2017); Selkimäki and Röser (2009); SFIF (2017) 
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content, i.e., fuelwood, has a low monetary value and is not extracted in large volumes in the included 
regions (SFA, 2014). As a consequent, fuelwood is not included as a roundwood assortment. Harvesting 
residues (HR), left-overs from the felling site (e.g., stumps, tree tops, branches, etc.), are aggregated into 
a homogenous feedstock, which can be used by the bioenergy sector. However, harvesting residues have 
been highlighted as a possible future woody feedstock for a wide array of industry sectors (Swerea-
Mefos, 2017). For instance, long tree tops, a hybrid between pulpwood and harvesting residues, have 
been identified as a possible future feedstock for the emerging bio-charcoal industry (Swerea-Mefos, 
2017). However, extraction cost and inconsistent energy content are the primary criticisms of the 
feedstock. Another impediment to increased usage of harvesting residues relates to their ecosystem 
services. Decaying residues provide soil nutrients and sustaining biodiversity, but will also release CO2 
as it decay (Geijer et al., 2011).8 Figure 3 shows all the different woody flows between forest-owners 
(woody producers) and forest industries (woody consumers). 

Nine commodities are tradable between regions: sawlogs, pulpwood, woodchips, sawdust, bark, sawn 
wood, kraft paper, pellets and hot metal; while heat, harvesting residues and charcoal are assumed to be 
non-tradable goods. Heat is limited by the length of DH networks that are often restricted to the urban 
nucleus; whereas charcoal is as an intermediate good that is only used by the steel mill. Harvesting 
residues are assumed to be non-tradable primarily due to its low value-to-weight ratio, and empirically, 
is not extensively traded between the Norrbotten County and the Rest of northern Sweden (Asmoarp 
and Davidsson, 2016). All markets are assumed to be operating under perfect competition in the 
NCFSM.9  
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Figure 3: Graphical representation of the NCFSM 

                                                      
8 The large discussion of whether combustion of woody materials are more harmful to the environment then natural 
decay, and whether or not the woody materials are to be consider carbon-neutral, are outside of the scope of this 
study. However, for the purpose of this paper, it is assumed that combustion of woody materials is carbon-neutral, 
excluding emissions from transportation, logging or other associated enterprises.  
9 The assumption of competitive markets is primarily based on the relative larger number (13) of competing pulp 
mills in the regions. Generally, pulpwood markets are assumed to be more susceptible to imperfect competition, 
due the size of a given pulp mill compared to e.g., a sawmill, which allows pulp mills to act as price-setters rather 
than price-takers. However, the spatial proximity of rival mills will reduce price-setting capabilities of the pulp 
mill sector at large. There are additional arguments as to why it is a reasonable assumption. For a more extensive 
review of competitive issues on roundwood markets, see Olofsson and Lundmark (2018). 
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3. Model description 
The NCFSM is a static, one-period, optimization model, where the objective function is to maximize 
welfare for all regions, given a number of constraints. The model is built on the modeling approach of 
SFSTM II by Carlsson (2012), which in turn is based on the works of Kallio et al. (1987) and Bolkesjø 
(2004). The welfare function is defined as the sum of consumer and producer surplus minus the cost of 
inter-regional trade (cf. Equation 1). The model is implemented in the General Algebraic Model System 
(GAMS) and solved using the CONOPT solver. The model is expressed as:  
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,
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, , , , + , , , , = 0 

 
(2) 

, , , , + , , , , = 0 

 
(3) 

, , , , = 0 

 
(4) 

, , , + , , , , , , ,  

 
(5) 

, , , , = 0 
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, ,  , ,  , ,  , ,  (8) 

The first line in Equation (1) is the consumer surplus from end-good (o) in region i, the second line is 
the producer surplus from the different types of roundwood (RW) in region i, the third line is the producer 
surplus from harvesting residues (HR) in region i, and the final line corresponds to the cost incurred 
from trading. Equations (2)-(8) are constraints that can be either weak or binding, i.e., being set to ‘less 
or equal’ or ‘equal’. The latter is used to force the model to fully utilize the commodities. Equation (2) 
is connected to end-good consumption; Equation (3) to roundwood trade; Equation (4) is connected to 
harvesting residue; Equation (5) to trade in woody by-products; Equation (6) to non-tradable goods; 
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Equation (7) to the ISI sector; and Equation (8) contains four capacity constraints. Equations (1)-(8) will 
be described in more detail in the following sections. For notation table, see Appendix A.  

3.1 The consumer surplus 
To derive the consumer surplus as expressed in the first element of Equation (1) we begin with the 
inverse demand function for the end-goods, which is assumed to have the same functional form across 
all end-goods. This functional form for the end-good demand has previously been used by e.g., Kallio 
et al. (1987). The inverse demand ( , ) for end-good (o) is expressed as: 

, = ,
,

,

,

 (9) 

  

where ,  and ,  are initial prices and quantities, ,  is own-price demand elasticity, and ,  is a 
variable of consumed end-goods. 

The consumer surplus (CS) is derived by finding the definite integral of Equation (9), where l is the 
lower integral value.  

= ,
,
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This can then be solved as: 
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And finally be simplified to:  

= , ,
,

,

, + 1
,

, ,  (12) 

 
3.2 The producer surplus of roundwood 

To derive the producer surplus as expressed in the second element of Equation (1) we begin with the 
inverse supply function of roundwood. This functional form for the roundwood supply has previously 
been used by e.g., Carlsson (2012). The inverse supply of roundwood (RW) is expressed as: 

, = , + , ,
,  (13) 

 
where RW is a set over the two roundwood assortments (sawlogs or pulpwood), ,  is the roadside 
price, ,  is the reservation price parameter, ,  is a supply shift parameter, ,  is roundwood 
harvest and .  is the adjusted inverse supply elasticity. 
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Similar to the consumer surplus, the producer surplus of roundwood (PSRW) is derived by taking the 
integral of Equation (13) from zero to H, for all regions and roundwood assortments. 

= , + , ,
,

,  (14) 

This can be expressed as: 

= , , +
, ,

,

, + 1

, 0 ,

, + 1
 (15) 

 
and simplified to: 

=  
, ,

.

. + 1
+ , ,  (16) 

  
To estimate the roundwood supply shift parameter ( , ), Equation (13) is solved for the parameter, 
and variables ,  and ,  are replaced with parameters ,  and , . While the adjusted inverse 
supply elasticity of roundwood is expressed as: 

. =
1 ,

, ,

 (17) 

 
The first element on the right hand-side of Equation (17) is the inverse price elasticity of roundwood 
supply and the second element is a price adjustment term. This method has been used by e.g., Bolkesjø 
(2004); Carlsson (2012); Kallio et al. (1987), and allows for the possibility to calculate region specific 
supply elasticities. 

3.3 The producer surplus of harvesting residues 
To derive the producer surplus as expressed in the third element of Equation (1) we begin with the 
inverse supply function of harvesting residues. This functional form has previously been used by e.g., 
Carlsson (2012). The inverse supply of harvesting residues (HR) is expressed as:  

, = , +  
,

,
, ,  (18) 

 
where  is an all-encompassing entity over all the different types of residues left at the felling 
site, ,  is reservation price of harvesting residues, ,  is a parameter over empirically observed 
harvesting levels, ,  is roundwood harvest variable, ,  is a shift parameter, ,  is the collected 
harvesting residues variable, and ,  is the supply elasticity of harvesting residues.  

The producer surplus of harvesting residues (PSHR) is derived by taking the integral of Equation (18). 

= , +  
,

,
, , ,  (19) 

 

The expression for the PSHR can then be simplified to: 

=
, ,
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, + 1
+ , ,  (20) 
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Similar to the roundwood shift parameter, the harvesting residue shift parameter is obtained by solving 
Equation (18) for ,  and substituting , , ,  and ,  with the corresponding parameters. The 
value of the supply exponential coefficient of harvesting residues (the inverse supply elasticity, , ), 
is obtained from Carlsson (2012), who estimated it using a log-linear regression model. 

3.4 Trade cost 
The last element in Equation (1), the total cost of trans-regional transport for all tradable goods (TTC), 
is defined as: 

= , , , ,  (21) 

 
where IM and EX are subsets of i and denotes importing and exporting region, i.e., ( , ) and 

, thus ensuring that the i:th region does not export tradable goods to itself. T is a set for all 
tradable commodities (i.e., sawlogs, pulpwood, woodchips, sawdust, bark, sawn wood, kraft paper, 
pellets, and hot metal). , ,  is a trade cost parameter, and , ,  is a variable over the quantities 
of tradable goods sent between regions. 

3.5 Constraints 
It is possible to extract a theoretical, non-monetary, market price (i.e., the shadow price) for the different 
products in each region from the marginal of the balance constraints (Hazell and Norton, 1986). 
However, the shadow price in itself cannot be used to gain any insight. Rather the variable of interest is 
the change in shadow price between different scenario simulations and the baseline, which can provide 
a useful measure for how markets are impacted by shifting market conditions.  

In Equations (2)-(5) and (7) we observe the input-output matrix, , , . j is a superset over the different 
activity sets (i.e., AC, ByC, , SAC, CAC). AC is a set of all production activities; ByC, a subset of 
AC, containing all industry activities that consumes by-products as an input;  is a subset over the 
by-product producer; SAC is a subset for the steel activity; and CAC is a subset containing the charcoal 
activities. v is a superset over the different commodity sets (i.e., o, RW, HR, BP, BCC). BP is a set for 
the different by-products; BCC is a set for charcoal, which is aggregated into one assortment. ,  is a 
variable for each activity. Numerical estimates for the input-output matrix are given in Tables 4 and 5.  

Equation (2) states that consumption of an end-good (o) must, at equilibrium, equal regional production 
after net-trade is taken into account. This entails that all produced goods will be consumed, either within 
the region or exported elsewhere. Equation (3) ensures that industry demand for roundwood is satisfied, 
either through regional harvest ( , ) or through trade. Equation (4) states that all industrial demand 
for harvesting residues must be satisfied in the region, since it is a non-tradable good. Equation (5) states 
that demand for by-products is less or equal to its supply. The expression allows the supply of by-
products to be greater than demand, i.e., surplus of commodities, but not the opposite. Equation (6) 
restricts the possibility of any non-tradable good of being sold to another region. Equation (7) states that 
all hot metal production must be satisfied through the use of charcoal. Meaning that if the bio-charcoal 
sector is unable to produce desired quantities of charcoal, the steel mill sector has to lower its production. 
And finally, the expressions in Equation (8) state that there exists an upper limit (constraint) for end-
good demand, roundwood harvest, collection of harvesting residues, and an upper capacity level for 
each activity.  

4. Data 
Data for the different parameters are collected from a combination of open sources, official national 
statistics, and personal correspondence. Industries located in Norrbotten County are asked to provide 
information regarding: production level, woody demand, and upper capacity. However, when this 
information is not made available, open source data is used. Parameter values regarding end-goods are 
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presented in Table 2, while reference values for roundwood assortments and harvesting residues are 
presented in Table 3. Input-output coefficients for the different regional sectors and activities are 
presented in Tables 4 and 5.  

Information about the sawmill and pulp and paper sectors are gathered the Swedish Forest Industries 
Federation and the Finnish Forest Industries (FFI, 2017; SFIF, 2017). These national trade organizations 
provide firm level data regarding production intervals and geographical location for affiliated mills. For 
the bioenergy sector in Norrbotten and Rest of northern Sweden, municipal DH utility production is 
collected from the Swedish Energy Markets Inspectorate (EI, 2017). For the bioenergy sector in 
Northern Finland, regional woody consumption data is collected from Natural Resources Institute 
Finland (LUKE, 2017). LUKE supplies detailed information regarding the different harvesting residue 
assortments used by the sector. By using the energy content of the different woody materials (see Table 
6) it is possible to estimate heat production in Northern Finland. However, the industry sector is 
aggregated to include both DH and combined heating and power (CHP) industries. Since it is not 
possible to extract or estimate the CHP industry’s share of the regional woody consumption, its 
consumption share is also included, and it is assumed that the sector only produces heat. Information 
regarding the wood pellets sector in Norrbotten County and Rest of northern Sweden is obtained from 
Bioenergi (2017). While production data for the wood pellets sector in Northern Finland is gathered 
from Selkimäki and Röser (2009). Finally, hot metal production in Norrbotten County is collected from 
Wang et al. (2015), while the steel mill sector in Northern Finland is assumed to be outside of the scope 
of the NCFSM, but can potentially be added at a later date. In the Rest of northern Sweden the sector 
does not exist. Reference production ( , ), divided over regions and sectors, are presented in Table 2.  

Regional and sectoral production capacity ( ) is assumed to the closest even 100-thousands of reference 
production ( , ), when actual capacity values are unknown. Furthermore, when a sector is divided into 
a number of different activities, the capacity for each activity is set equal to the capacity of the whole 
regional sector. Thus allowing any given activity to, theoretically, satisfy the sector’s total production 
in a region. 

The output price of a given end-good ( , ) is set to the same reference level for all regional sectors 
under the assumption that all end-goods (except heat) are traded on international markets. All prices are 
given in Swedish Krona (SEK). Export prices for “Sawn and planed softwood” and “Wood pulp – 
Sulphite – Bleached – Other” are used for sawn wood and kraft paper, collected from SFA (2014). For 
pellets, the price of “Processed wood fuel – Briquettes and pellets – District heating” is used (SFA, 
2014), and converted from megawatt hours (MWh) into cubic meter solid (m3f).10 The price of heat in 
Norrbotten County and Rest of northern Sweden is set equal to regional average prices for smaller multi-
family houses in 2016 (Swedenergy, 2017). The heating price in Northern Finland is set to the national 
average in March 2016 (SF, 2016). The price of hot metal has to be assumed since the good is not traded 
on any market. Through personal correspondence with an industry representative, the price is estimated 
to be in the interval of 1,500-2,500 SEK per tonne. 

The own-price elasticities ( ) of sawn wood and pellets are collected from Buongiorno et al. (2003). The 
own-price elasticity of kraft paper is obtained from Chas-Amil and Buongiorno (2000), while estimates 
for heat is collected from Hellmer (2013). The own-price elasticity of steel is gathered from Barnett and 
Crandall (1993). After consulting with industry representative it is selected as a good approximation for 
the own-price elasticity of hot metal. The lower integral value (l) is assumed to be the same for all sectors 
and regions.  

Initial regional harvesting levels ( , ) are collected from Joshi (2016) and Metla (2014). However, in 
Joshi (2016), only regional total roundwood harvest is available. As a consequence, the national average 

                                                      
10 Pellet is assumed to have an energy content of 4.9 MWh per tonne, and a bulk density of 0.64 tonnes per m3f (Bioenergi, 
2016). 
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distribution of harvested roundwood is used to estimate the assortment supply (SFA, 2014). On average, 
49.3% of all harvested roundwood in Sweden is categorized as sawlogs, and 42% as pulpwood. The 
remaining 8.7% is made up by other wood assortments, e.g., fuelwood. In the Metla (2014), roundwood 
harvest is presented by species and assortment on a regional level. For harvesting residues in the Swedish 
regions, observed quantities ( , ) are obtained from SFA (2014). While for Northern Finland, regional 
supply of harvesting residues is estimated based on regional consumption data (LUKE, 2017). As a 
consequence, the initial quantity of collected harvesting residues in Northern Finland is set equal to 
observed consumption.  

 
Table 2: Reference values for end-goods (o) 

Parameter i Sawn wood  
(m3) 

Kraft paper  
(tonne) 

Pellets  
(m3f) 

Heat  
(MWh) 

Hot metal  
(tonne) 

q 
NB 902,000 1,360,000 204,400 711,331 2,367,000 

RoNS 2,975,000 2,600,000 510,312 927,800  
NF 1,030,000 1,770,000 165,625 2,404,488  

k 
NB 1,058,000 1,400,000 275,000  2,550,000 

RoNS 3,000,000 3,195,000 718,750   
NF 1,100,000 1,800,000 170,000   

p 
NB 1,877 5,272 940.8 835 1,500 - 2,500 

RoNS 1,877 5,272 940.8 814  
NF 1,877 5,272 940.8 747  

 All -0.16 -0.18 -0.62 -0.25 -0.25 
l All 0.1 0.1 0.1 0.1 0.1 

NB = Norrbotten County, RoNS = Rest of northern Sweden, NF = Northern Finland, All = all three regions. m3f = cubic 
meter solid. Prices in SEK.  
 

The reservation price for roundwood ( , ) is obtained from SFA (2014) and Metla (2014), and set 
equal to logging costs of large-scale forestry and average cost of mechanized roundwood harvesting, 
respectively. The parameter is supposed to reflect the costs incurred by forest-owners from logging 
operations, below which the forest-owners are not willing to supply any roundwood to the market. The 
logging cost in Norrbotten County is assumed to correspond to the average logging cost in the most 
northern part of Sweden, as defined by SFA (2014). For the Rest of northern Sweden, the average 
logging cost in the second most northern part of Sweden is used. For Northern Finland, the national 
average cost of mechanized roundwood harvesting is used. It is worth noting that these estimates may 
not cover the total operational cost of roundwood harvesting, since additional cost for administration, 
forest roads, and silviculture are also levied upon the forest-owner. The reservation price for harvesting 
residues ( , ) in Norrbotten County and Rest of northern Sweden is collected from Brunberg (2014) 
and set to the economical compensation forest-owners receive from supplying residues to the market. 
This is not the same as the roadside delivery cost. The primary reason for choosing a lower reservation 
price than the cost of roadside delivery is that the collection cost will otherwise exceed the regional 
market price, and no harvesting residues will be supplied in these regions. The reservation price of 
harvesting residues in Northern Finland is set equal to the reservation price of roundwood and is 
collected from Metla (2014).  

Reference prices for roundwood ( , ) and harvesting residues ( , ) are obtained from SFA (2014) 
and LUKE (2017). In Norrbotten County and Rest of northern Sweden, roundwood prices are set to the 
average prices in northern Sweden.11 In Northern Finland, prices are set to average price of coniferous 
sawlogs and pulpwood. The reference price of harvesting residues in Norrbotten County and Rest of 
northern Sweden is set to the average fuel chip price for DH utilities (SFA, 2014). Fuel chips are a 
collective term for chipped harvesting residues and wood parts. The numerical value is then converted 

                                                      
11 As defined by the SFA (2014). 
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into m3f using the assumed energy content of harvesting residues.12 For Northern Finland, the average 
price of logging residues delivered to roadside is estimated based on six quarterly observations between 
2014 and mid-2017 for the combined administrative regions of Kainuu-Northern Ostrobothnia.  

The price elasticity of roundwood supply ( ) is collected from Geijer et al. (2011), and assumed to be 
the same across all regions, but differ between roundwood assortments. The price elasticity of harvesting 
residue supply ( ) is obtained from Carlsson (2012), and assumed to be the same in all region. 

Finally, harvesting constraints for roundwood ( ) and harvesting residues ( ) are initially assumed to be 
equal to 1 for all woody materials in all regions. That is to say, forest-owner are only able to supply 
woody materials up to observed levels. 

Table 3: Reference values for roundwood (RW) and harvesting residue (HR) parameters 
Parameter i Sawlogs 

(m3fub) 
Pulpwood 

(m3fub) 
Harvesting residues 

(m3f) 

a 

NB 132.24 132.24  

RoNS 126.54 126.54  

NF 111.57 111.57  

b 

NB   81.84 

RoNS   81.84 

NF   111.57 

h 

NB 1,847,194 1,597,008  

RoNS 9,453,955 8,044,289  

NF 2,237,000 6,525,000  

r 

NB   148,000 

RoNS   481,370 

NF   449,500 

p 

NB 429 274 95.673 

RoNS 429 274 95.673 

NF 558 294 135 

 All 0.28 0.14  

 

NB 5.163 13.806  

RoNS 5.066 13.272  

NF 4.464 11.511  

 

NB 0.012 2.211E-4  

RoNS 3.456E-6 1.141E-13  

NF 0.012 7.66E-11  

 

NB   0.154 

RoNS   0.035 

NF   0.064 

 All 1 1  

 All   1 

 All   1.26 
NB = Norrbotten County, RoNS = Rest of northern Sweden, NF = Northern Finland, All = all three regions. Prices in SEK 
per m3f(ub). Exchange rate of 9.685 SEK per Euro (€) 
 

                                                      
12 Harvesting residues are assumed to have an energy content of 2.6 MWh per tonne, and a bulk density of 0.8 
tonnes per m3f (JTI, 2013; SFA, 2014). 
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4.1 Input-Output coefficients 
The NCFSM is built upon the assumption that the sectors use a fixed proportion Leontief production 
function, i.e., industry sectors cannot internally substitute between different feedstocks to produce a 
given output. A way to incorporate some production flexibility into the model is to allow for a number 
of different activities to produce the same good. However, each activity still has a fixed proportion of 
inputs to produce a given output. Numerical values for the coefficients are presented in Tables 4 and 5.  

The region specific input-output coefficients are presented in Table 4. For Norrbotten County, these 
coefficients are primarily obtained through personal correspondence with industry representatives. For 
the Rest of northern Sweden and Northern Finland, the estimates are collected from SFA (2014) and 
Metla (2014). The pulp and paper sector is split into two activities, PP1 and PP2. The latter contains 
estimates from SFA (2014) and Metla (2014), while the former assumes that some of the woody input 
requirements are satisfied through the use of woodchips. Estimates for woodchip use in PP1 is obtained 
from Carlsson (2012) and subtracted from the regional sectors roundwood demand, so the total amount 
of woody input remains unchanged. In Bioenergi (2017) it is indicated that two pulp and paper mills 
located in Rest of northern Sweden consume large amounts of pellets in their production. Subsequently, 
pellet is added as an input requirement in this region. 

Output coefficients for by-products are collected from SEPA (2010), and converted into units of m3f.13 
Woodchip data is aggregate over all the different types of chips. The coefficients are based on a 
representative sawmill with a yearly production of 100,000 m3 of sawn wood. For the sake of simplicity 
it is assumed that all sawmills have the same output coefficients for by-products.  

Table 4: Region specific Input-Output coefficients 
End-good i Sawlogs 

(m3fub) 
Pulpwood 
(m3fub) 

Woodchips 
(m3f) 

Sawdust 
(m3f) 

Bark 
(m3f) 

Pellet 
(m3f) 

Sawn wood 
(m3) 

NB -2.100  +0.703 +0.259 +0.222  

RoNS -2.100  +0.703 +0.259 +0.222  

NF -2.300  +0.703 +0.259 +0.222  

Kraft paper 
from PP1 

(tonne) 

NB  -2.941 -0.754    

RoNS  -3.610 -1.140   -0.030 

NF  -3.960 -1.140    

Kraft paper 
from PP2 

(tonne) 

NB       

RoNS  -4.750    -0.030 

NF  -5.100     
NB = Norrbotten County, RoNS = Rest of northern Sweden, NF = Northern Finland. Each row corresponds to the input 
requirement to produce of one unit of end-good. Negative values are inputs, and positive are outputs.  
 

The non-region specific input-output coefficients are presented in Table 5. The energy content of woody 
biomass is collected from JTI (2013), and converted into units of m3fub and m3f using density data from 
SFA (2014) and Novator (2006) and conversion table from SkogsSverige (2017). No conversion losses 
are considered for the bioenergy sector. The energy content and bulk density of pellet is collected from 
the industry (Bioenergi, 2016). The input-coefficients in Table 5 shows the woody requirements for a 
given bioenergy activity to produce one MWh of heat.  

For the wood pellet sector there is approximately a 2-to-1 relationship in weight between sawdust to 
pellets (Holmberg, 2017). However, sawdust has a different bulk density, 984 kilograms (kg) per m3f 
with a moisture content of 50-55%, compared to 640 kg per m3f for pellets (Bioenergi, 2016; Novator, 
                                                      
13 Woodchip is assumed to have an energy content of 4.6 MWh per tonne, and a bulk density of 0.8 tonnes per 
m3f; Sawdust is assumed to have an energy content of 2.3 MWh per tonne, and a bulk density of 0.984 tonnes per 
m3f; Bark is assumed to have an energy content of 2 MWh per tonne, and a bulk density of 0.64 tonnes per m3f  
(JTI, 2013; Novator, 2006; SFA, 2014). 
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2006). Using the wood pellet mill in Luleå as a proxy for the whole industry, with a production of 90,000 
tonnes of pellets, requiring 180,000 tonnes sawdust, and the input-output coefficient equates to 1.3 m3f 
of sawdust for 1 m3f pellets.  

The potentially emerging bio-charcoal sector in Norrbotten County has indicated that is primarily 
interested in using long tree tops (a hybrid between pulpwood and the harvesting residues) and sawdust 
as its feedstock (Swerea-Mefos, 2017). However, due to data limitations regarding long tree tops, it is 
assumed that the hypothesized bio-charcoal sector will compete on pulpwood and sawdust markets for 
inputs. There are a number of different ways of transforming the woody biomass into charcoal, (e.g., 
Child, 2014; Mousa et al., 2016). In the NCFSM, it is assumed that enrichment of woody materials takes 
place through a slow pyrolysis process with a mass conversion ratio of 35%. This entails that the sector 
requires 2.86 tonnes of biomass to produce one tonne of charcoal. Using a bulk density of 0.8 tonnes 
per m3fub for pulpwood (SFA, 2014), the input requirement is equal to 3.575 m3fub. For sawdust, using 
density estimates from Novator (2006), the input requirement is 2.905 m3f per tonne charcoal. From 
Wang et al. (2015) it is estimated that the steel mill in Norrbotten County requires 394,000 tonnes of 
charcoal when producing 2.367 Mton of hot metal. This is equal to approximately 166.5 kg charcoal per 
tonne of hot metal.  

Table 5: Non-region specific Input-Output coefficients 

End-good Pulpwood 
(m3fub) 

Harvesting 
residues 
(m3fub) 

Woodchips 
(m3f) 

Sawdust 
(m3f) 

Bark 
(m3f) 

Pellet 
(m3f) 

Charcoal 
(tonne) 

Heat 
(MWh) -0.3289 -0.4808 -0.2717 -0.4417 -0.7463 -0.3188  

Pellet 
(m3)    -1.300    

Charcoal 
(tonne) -3.575   -2.905    

Hot metal 

(tonne)       -0.1665 

Each cell corresponds to the input requirements to production of one unit of end-good.  

4.2 Transport cost 
The cost of trans-regional trade is based on estimates used by Mustapha (2016). An assumption is made 
that all transports take place by road. This is a reasonable assumption since the distances are too short 
to justify sea transports, and the rail-network in northern Sweden is not as developed as in the southern 
parts of the country.  

The transport cost is split into a fixed loading cost and variable cost per kilometer (km). Woody 
feedstocks, due to their bulkiness, have higher loading costs than the end-goods. Furthermore it is 
assumed that all primary woody inputs are equally costly to load, and the same is true for all end-goods, 
The distance between the different regions is set equal to the distance between each regions primary city 
(Norrbotten County: Luleå; Rest of northern Sweden: Umeå; Northern Finland: Oulu). For instance, as 
indicated by Tables 6 and 7, the cost of transporting one m3fub of roundwood from the primary city in 
Norrbotten County (Luleå) to its counterpart in Northern Finland (Oulu) is 22.759 SEK in initial loading 
cost, and an additional 0.6897 SEK per km or 175.873 SEK in total variable cost. Thus entailing that 
trade in primary woody inputs between Norrbotten County and Northern Finland incurs a total transport 
cost of 198.632 SEK per m3fub.  
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Table 6: Transportation cost 

Type of commodity Fixed loading cost Variable cost per km 

Primary woody inputs 22.759 0.6897 

Tradable end-goods 12.316 0.6897 
Values given in SEK per m3fub, m3f, m3 or tonne. 

Table 7: Distance between regions (km) 

Primary city Luleå Umeå Oulu 

Luleå  268 255 

Umeå 268  523 

Oulu 255 523  

5. Sensitivity analysis  
Sensitivity analyses are conducted to assess how robust the model results are to small changes in 
exogenously determined parameters. As noted in the introduction, supply, demand, trade, and prices are 
endogenously determined in a PE model, but are conditional on exogenous activities (Buongiorno et al., 
2003). That is, the consumption quantity variable ( , ) is influenced by the observed parameter value 
( , ). The same is true for observed price values and assumed elasticities. To this end, a business-as-
usual (BAU) run of the model is implemented using the outlined data from above (Tables 2-7) and 
compared to small changes in the parametric values of: , , , , , , , , ,  or . , ceteris 
paribus. The general ideas of this exercise is to provide insight into how the optimization problem is 
influenced by exogenous activities.14 

Figure 4 depicts how the model results are affected by increasing or decreasing initial observed harvest 
quantities ( , ) by 10%. Restricting roundwood supply results in a price increase for the woody 
feedstock. Pulpwood and woodchip prices increase by 46% while for sawdust the price change is 44%, 
on average across all regions. In contrast, prices for sawlogs, bark and harvesting residues are only 
marginally affected. Increasing (potential) roundwood supply by an additional 10% of observed harvest 
quantities is shown to generated a fall in the price for pulpwood, woodchips and sawdust by 
approximately 29%, on average across all regions (see Figure 4). Prices for bark and harvesting residues 
fall on average by 19%, across all regions, while sawlog prices are not affected. Changes to the reference 
price of roundwood ( , ) or to the price elasticity of roundwood supply ( , ) did not affect the 
outcome.  

The robustness of the model is also tested for changes in the parametric values of observed end-good 
consumption ( , ). These are increased/decreased by 10% of observed values, for one end-good at a 
time. As depicted in Figures 5 and 6 price movements are as expected, e.g., an increase in sawn wood 
consumption will raise the price of sawlogs, but also increase supply for by-products, thus lowering the 
price of all other woody materials. The opposite is true when sawn wood consumption decreases. Figure 
5 shows that increasing kraft paper consumption results in a 50% increase in pulpwood, woodchips and 
sawdust prices; while a reduction in kraft paper consumption results in an average 37% decline in 
pulpwood, woodchips, sawdust, bark and harvesting residues, as shown in Figure 6.    

                                                      
14 Assumptions: trans-regional trade in by-products is restricted to 400,000 m3f per commodity and region to avoid 
over-excessive trade, which may produce unreasonable outcomes. This is primarily a consequence of data 
limitation. Additionally, the bioenergy sector in Norrbotten County produce a minimum of 117,191 MWh of heat 
from pulpwood, and further 92,697 MWh from harvesting residues. The bioenergy sector in the Rest of northern 
Sweden produce a minimum of 102,058 MWh from pellets. These production estimates are based on empirical 
values for the DH-sector in these regions. The price of hot metal is set equal to 2,000 SEK per tHM.  
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Price change compared to baseline model. Increase = +10% of observed quantities. Decrease = -10% of observed quantities.
Figure 4: Price movements due to changes to initial observed harvest quantities ( , ) 
 

NB = Norrbotten County, RoNS = Rest of northern Sweden, NF = Northern Finland. Price changes compared to baseline. 
Increase = +10% of observed quantities. 
Figure 5: Price movements due to a 10% increase in initial consumption quantities ( , ) 
 

Changes to initial end-good prices ( , ) are found to only affect the model results moderately. The 
largest effect is obtained when changing the reference price of heat by +/- 10%, where the price of bark 
changes by +/- 11%, while the price of harvesting residues changes by approximately +/- 7%. Changes 
to the reference price of kraft paper generates a change in the price for pulpwood and woodchips by +/- 
8%, while sawdust increases by 7% and decreases by 8%. Alterations to the other end-good prices does 
not have any large effect on the model results.  
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NB = Norrbotten County, RoNS = Rest of northern Sweden, NF = Northern Finland. Price changes compared to baseline. 
Decrease = -10% of observed quantities. 
Figure 6: Price movements due to a 10% decrease in initial consumption quantities ( , ) 
 

Finally, the robustness of the model with respect to changes in the own-price elasticity of end-goods 
( , ) is tested. Each parameter is increased/decreased by 0.10 points of initial estimates (cf. Table 2). 
Generally, as depicted in Figure 7 and 8, a more inelastic demand ( , 0) results in increased 
feedstock prices, while the opposite is true for a more elastic demand ( , 1), ceteris paribus. Changes 
to own-price elasticity of hot metal or pellet do not affect the model results in any magnitude. The largest 
effect is obtained from an increase in the own-price elasticity of kraft paper, where pulpwood, all woody 
by-products and harvesting residue prices decreases on average by approximately 37%. While changes 
to the own-price elasticity of heat primarily affect the price for bark (-14 to +18%) and harvesting 
residues (-12 to +16%). However, a problem occurs when decreasing the own-price elasticity of sawn 
wood or kraft paper. Decreasing either elasticity results in GAMS not being able to solve the 
optimization problem, since the objective variable becomes too large and starts going towards infinity. 
This is possibly not unexpected as decreasing these elasticities further will almost make them perfectly 
inelastic. However, decreasing the parametric values by 0.05 units’ results in price movements in line 
with to those observed in Figure 8.  

In general, model results are sensitive to changes on the demand-side, i.e., changes to parameters 
affecting the consumer surplus. That is, changes to the end-good price, the own-price elasticity, and 
observed consumption quantities of end-goods, will affect model results. These results are not 
unexpected, and the sensitivity analysis indicates that parametric values connected with pulp and paper 
or sawmill activities, and to a less the bioenergy sector, are the primary drive forces of the consumer-
side of the model results. From the supply-side (i.e., producer surplus), the initial roundwood harvest 
value (and to a lesser extent the collected harvesting residues value, not shown above) is the main 
parameter influencing model results.  
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NB = Norrbotten County, RoNS = Rest of northern Sweden, NF = Northern Finland. Price changes compared to baseline. 
Increase = +0.1 points of initial estimate. 
Figure 7: Price movements due to an increase in own-price elasticity of end-goods ( , ) 
 

To what degree the sensitivity analysis indicates that there may be model robustness issues or whether 
there exist any reasons for concern, can be explored and discussed at length. However, I would argue 
that the price movements observed in Figures 4 to 8 are in line with conventional knowledge and general 
assumptions of the expected behavior of woody feedstock markets. The only parameter that may be 
subject to further scrutiny is the own-price elasticity of end-goods, since the estimates are collected from 
a wide array of different studies. However, estimating the own-price elasticities of the five end-goods 
are outside the scope of this paper; and it is assumed that the parametric values represent the behavior 
of consumers in the model’s three geographical regions. 

NB = Norrbotten County, RoNS = Rest of northern Sweden, NF = Northern Finland. Price changes compared to baseline. 
Decrease = -0.1 points of initial estimate. 
Figure 8: Price movements due to an decrease in own-price elasticity of end-goods ( , ) 

6. Final remarks 
The primary purpose of this paper is as an introduction of the NCFSM; a static, one-period, regional PE 
model designed to capture regional demand, supply and trade of forest materials. This was achieved by 
describing and explaining the model’s assumptions, structure, general sensitivity aspects, potential flaws 
and strengths, possible future developments, and data sources.  
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The primary use of the model is as a tool to highlight the potential implications of changing market 
conditions on regional feedstock markets. As an initial case (study), three geographical regions in 
northern Sweden and Finland were selected, and one new hypothetical wood consuming industry was 
added to the existing forest industry sector. Furthermore, additional (potential) wood consuming 
industries, e.g., liquid biofuel industries, the Finnish steel industries, and/or mining industries, can be 
added at later stages. Similarly, a finer geographical resolution and more geographical areas can be 
added. In addition to increasing the general scope of the NCFSM, it is also possible to increase the 
complexity, i.e., developing a dynamic model (multi-period) taking into account the growth of the timber 
stock. It is worth highlighting that while the case, as described above, explores regional effects in 
northern Sweden and Finland, the model’s core specifications are applicable to other geographical 
regions.  

PE models in general and the NCFSM in particular, are sensitive to changes in initial parametric values. 
While some data is collected from individual mills, other parametric values are obtained from 
aggregated data sources (e.g., SFA, 2014). The comprehension that starting values may influence the 
size of e.g., trade and/or price movements in the model is important to keep in mind. As such, the result 
(i.e., variable size) from the NCFSM should not be interpreted as an absolute truth, but rather as general 
suggestions of possible (probable) developments from changes to the status quo. That is to say, a 50% 
increase in a shadow price does not necessarily entail that the corresponding market price of the 
commodity will increase by this amount, but rather that it is highly likely that the price of the commodity 
will increase from the specific action.  

Hopefully, the NCFSM can be used by e.g., policy makers, industry representatives and/or researchers 
to predict potential market developments from a wide array of different scenario description, and to 
increase the general understanding of how changes to market conditions influence regional feedstock 
markets. For example, results from the NCFSM may help to explain the economic implications and 
feasibility of increased utilization of the woody feedstock. As supply of the woody feedstock is finite, 
society should strive towards an efficient use of this commodity, rather than using it as a panacea. With 
increasing concerns regarding the general state of the environment, the woody feedstock have been 
suggested as a potential source of carbon-neutral energy for a wide array of different industries. 
However, since the feedstock is already extensively used, the potential may actually be limited. Thus, 
by using the NCFSM, actors can acquire a greater understand of the potential consequences of a more 
extensive bioeconomy.   
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Appendix A  
Table A1: Sets notations  

SETS Description Contains 

AC Activity 

Sawmill (SM), Pulp and paper 1 (PP1), Pulp and paper 2 (PP2), Wood pellet (WP), 
Bioenergy pulpwood (BEPW), Bioenergy harvesting residues (BEHR), Bioenergy 
woodchips (BEWC), Bioenergy sawdust (BESD), Bioenergy bark (BEBK), Bioenergy 
pellets (BEWP), Bio-charcoal pulpwood (BCPL), Bio-charcoal sawdust (BCSD), Steel 
mill (ST) 

BCC Bio-charcoal charcoal Charcoal 

BP By-products Woodchips, Sawdust, Bark 

ByC By-product consumers PP1, WP, BEWC, BESD, BEBK, BCSD 

ByP By-product producer SM 

CAC Charcoal activity BCPL, BCSD 

HR Harvesting residues HR 

i Region Norrbotten County (NB), Rest of northern Sweden (RoNS), Northern Finland (NF) 

NT Non-tradable goods Heat, Charcoal, Harvesting residues, Hot metal 

o End-goods Sawn wood, Kraft paper, Pellet, Heat, Hot metal 

RW Roundwood Sawlogs (SL), Pulpwood (PW) 

SAC Steel activity ST 

T Tradable goods Sawlogs, Pulpwood, Woodchips, Sawdust, Bark, Sawn timber, Kraft paper, Pellet 

 

Table A2: Parameter notations 

PARAMETER Description 

a Reservation price roundwood 

b Reservation price harvesting residues 

h Observed harvesting rate of roundwood 

k Forest industry capacity constraint 

l Lower integral value 

p Observed price 

q Observed quantity final good 

r Observed harvesting rate of harvesting residues 

tc Unit transport cost 

  Inverse elasticity of roundwood 

 Collection constraint harvesting residues 

  Price elasticity of roundwood supply 

  Input-Output coefficient 

 Roundwood harvesting constraint 

  Inverse price elasticity of harvesting residues 

  Own-price elasticity of end-goods 

  Shift parameter harvesting residues 

  Shift parameter roundwood 
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Table A3: Variable notations 

VARIABLE Description 

CS Consumer surplus 

H Roundwood harvesting rate  

P Price 

PSHR Producer surplus harvesting 
residues 

PSRW Producer surplus roundwood 

Q Consumption quantity of end-good 

R Harvesting rate residues 

TR Trade quantities 

TTC Total trace cost 

Welfare Welfare 

X Consumption quantity of input 

Appendix B – Forest industry Norrbotten County 
Table B1: Forest industries and steel mill in Norrbotten County 

SECTORS Firms 
Sawmill Stenvalls Trä, Jutos Timber, SCA Timber Munksund, Setra Rolfs, Krekula & Lauris 
Pulp and paper SCA Packaging Munksund, Smurfit Kappa, BillerudKorsnäs Karlsborg 
Wood pellet Bioenergi i Luleå, Stenvalls Trä, Pajala Energi, Glommers 
Bioenergy (municipal 
district heating) 

Arjeplog, Arvidsjaur, Boden, Gällivare, Haparanda, Jokkmokk, Kalix, Kiruna, Luleå, Pajala, 
Piteå, Älvsbyn, Överkalix, Övertorneå  

Steel mill SSAB Luleå 
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Figure 1: Regional areas included in the NCFSM 
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Figure 2: NCFSM flow chart 
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Figure 3: Change to ISI production at different price-levels for hot metal
 

Figure 4: Regional price development for woody materials at different hot metal prices 
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Figure 5: Changes to end-good consumption at different transition levels 
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Figure 6: Regional price development for woody materials at different transition levels 

Figure 7: Changes in regional harvest rate from increased potential roundwood supply 
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Figure 8: Regional price development from increased roundwood supply
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SET Description Contains 
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Table A3: Variable notations 

VARIABLE Description 

CS 

H 

P 

PSHR 

PSRW 

Q 

R 

TR 

TTC 

Welfare 

X 

Table B1: Forest industries and steel mill in Norrbotten County 

SECTORS Firms 

Table C1: Reference prices for woody commodities split between user type  

i Sawlog Pulpwood Woodchips Woodchips Sawdust Sawdust Bark Bark Harv. 
residues 

User 
type 

Sources: JTI (2013); LUKE (2017); Novator (2006); SFA (2014) 



Table C2: Estimated feedstock prices at different hot metal prices  

Hot 
metal 
price 

i Sawlogs Pulpwood Woodchips Woodchips Sawdust Sawdust Bark Bark Harv. 
residues 

1,500 

2,000 

2,500 

User 
type 

Table C3: Estimated feedstock prices at different transition levels 

Trans. 
rate i Sawlogs Pulpwood Woodchips Woodchips Sawdust Sawdust Bark Bark Harv. 

residues 

10% 

25% 

50% 

 User 
type 

Table C4: Estimated feedstock price at increased roundwood supply 

    i Sawlogs Pulpwood Woodchips Woodchips Sawdust Sawdust Bark Bark Harv. 
residues 

2 

 User 
type 
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