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ABSTRACT 

An applied partial equilibrium model of the forest cluster has been developed and 

implemented to assess the impact of changing market conditions for the sawmill 

industry in Sweden. The focus of this study was thus to analyse the sawmill 

industry and the interdependencies between the different sectors in the forest 

cluster. The dependencies and relationships between the sectors using forest-based 

raw materials implies that changing market conditions in one sector could have 

profound effects on the other sectors. 

The sawmill industry is an essential part of the forest cluster. Its demand for 

sawlogs and its supply of woodchips and sawdust affects the entire cluster. In this 

research report the forest cluster is defined and a partial equilibrium model is 

developed and implemented (FCM) that simulates the results from changing 

market conditions for the sawmill industry and its effects on the other sectors in the 

forest cluster. 

Three scenarios are simulated using the FCM: (i) a ten percent decrease in demand 

for sawn wood products; (ii) a 30 percent decrease in the demand for sawn wood 

products and; (iii) a ten percent increase in the demand for sawn wood products. 

The main results and conclusions from the simulations are summarised below: 

 The analysis indicated that both production and consumption patterns are 

sensitive to changes in the demand for sawn wood products. There are also 

significant differences between different intermediate inputs and between 

different sectors in their responses to these changes. Also, certain sectors 

and inputs would gain market share while others would lose market shares. 

 Changing output market conditions for the sawmill industry have 

significant effects on the factor prices and on the flow of intermediate 

inputs between the forest cluster sectors. In general, in the minor reduction 

and the worse case scenarios the price for sawlogs is reduced by between 

nine and 25 percent depending on scenario. Even a small reduction in the 

demand for sawn wood products has serious effects on the price formation 

and on the quantitative flows in the cluster. 
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 The factor prices for woodchips and sawdust increases by 21 and 34 

percent, respectively, as a consequence of a 30 percent reduction in the 

demand for awn wood products while the price of sawlogs decrease by 25 

percent. 

 The reduced supply of the sawmill by-products, i.e., sawdust and 

woodchips, causes significant price increases forcing the woodboard 

industry to close down entirely.  

 The pulp and paper industry meets the increasing price for woodchips by 

substituting woodchips for pulpwood, increasing the demand for woodpulp 

and hence the price level as well.  

 The profit levels (assuming a cost minimising behaviour) for all the sectors 

in the FCM (excluding the energy sector) are strongly connected to the 

development of the sawmill industry. The simulated price increases for 

most intermediate inputs affect the cost structure which in turn affects the 

profits. 

 Net import of forest based raw materials are changing, affecting the trade 

balance and patterns. 

 The forest value will, depending on scenario, decrease by as much as 5.5 

billion SEK due to reductions in the demand for sawn wood products. The 

value of the forest is reduced since forest owners can not fully meet the 

reduced domestic demand by increasing export volumes. 

 The energy sector makes only relatively slight adjustment in their 

procurements. 

 The difference between the sawlogs and pulpwood prices are diminishing 

considerately mainly as a result of a reduction in the demand for sawlogs 

from 160 SEK in the baseline scenario to only 51 SEK in the worst case 

scenario. This complicates the traditional classification between the two 

types of roundwood. What has traditionally been considered as sawlogs 

and primarily purchased by the sawmill industry are now close to being 

classified as “pulpwood” and can thus be diverted to the pulp and paper 

industry reinforcing the predicaments for the sawmill industry. 
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By expanding the model, incorporate additional features and by relaxing some of 

the simplifying assumption more detailed results could be obtained. Some areas for 

future research and development of the FCM are: 

 Incorporate a regional market structure for the intermediate inputs. 

 Allowing for differentiated production technologies within an industry 

sector. 

 Allowing for a more stringent classification of intermediate inputs. 

 Include dynamic aspects of the flows of the intermediate inputs and price 

formations. 

 Include a more detailed level of international trade patterns and of the 

economic consequences thereof. 

 Differentiated market structure. 
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1. INTRODUCTION 

1.1 Background 

The interdependence of the various sectors in the forest cluster, i.e., the traditional 

forest industries and forestry, are well documented and should come as no chock 

for practitioners and scholars alike with some knowledge of the industry. Even the 

increasing role the energy sector, as a relatively new entrant, have in the forest 

cluster is well studied. A sectors output is another sectors input, which is true 

regardless if wood products or energy generation is the final output. However, little 

attention has been given to the nature and scope of the interdependencies from an 

economic perspective. The relationships and integration between the users of forest 

resources in their procurement behaviour and trade of raw materials is complex and 

poorly known. Since large and profound structural changes are expected in the 

European forest cluster a better understanding of the interaction between the 

different actors is essential. Thus, research in the development of reliable methods 

that elucidate and describes the interdependencies and connections in the forest 

cluster is motivated. 

One key sector in the forest cluster is the sawmill industry. Besides its procurement 

of sawlogs from either the domestic or foreign sources, sawmills produces by-

products that are important inputs for the pulp and paper industry, the woodboard 

industry and for the energy sector. The sawmill industry is involved in many 

different production, consumption and trade activities that occur in geographically 

diversified locations. A change that occurs in one location, either in demand or 

supply structure, affects the conditions for the cluster in other locations. 

Accordingly, to analyse and predict long-term development trends in the sawmill 

industry and its affect on other sectors is an important and complex task. No other 

sector in the forest cluster has such a central position affecting the entire cluster. 

Thus, the sawmill industry affects, through structural changes and exogenous 

chocks, the entire forest cluster. In a wider perspective, this has also repercussions 

on the regional and national economy. As a consequence it is important to analyse 

the affect changing market conditions for sawn wood products might have on the 

forest cluster and biofuel markets. There exists, thus, a considerable need to 

understand the mutual economic affects in the forest cluster from a changing 

sawmill industry. The analysis will indicate how changing market conditions for 
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the Swedish sawmill industry affects the forest cluster on a national level. 

Changing market conditions for the saw mill industry is expected to give rise to 

medium to long-term consequences for the industry sectors included in the forest 

cluster. In regard to the forestry’s and the forest industry’s economical significance 

on the national and regional economies, changing market conditions for the 

sawmill industry will have profound effects on the society, both national and 

regional. 

The purpose of the project is two-fold: (a) to develop an analytical framework that 

captures and quantifies the interdependencies in the forest cluster and; (b) to 

analyse the distributional effects from different plausible production changes in the 

sawmill industry on the adjacent forest and energy sectors. 

1.2 Analytical Framework 

Computable General Equilibrium models (CGE) allow endogenous interaction of 

all sectors in an economy, while Computable Partial Equilibrium models (CPE) 

allows that some sectors in an economy can be treated as exogenous. The basic 

difference between partial and general equilibrium analysis is in the treatment of 

prices. In the former, all prices other than the price of the good being studied are 

assumed to remain fixed whereas in the latter, all prices are variable and all 

markets clear. Hence, secondary effects are ignored in partial equilibrium models. 

These models are generally based on a set of input demand and output supply 

equations. There are equations representing the behaviour of economic agents such 

as producers, consumers, investors, government and foreign markets. Most models 

rely on a specific year's (benchmark or baseline) equilibrium data set to specify the 

numerical relationships in the model.  

Generally, all economic agents maximise their behaviour, subject to the relevant 

constraints, allowing for the relevant markets to clear, and transactions are 

conducted at equilibrium prices. The quantity supplied must exactly match the 

quantity demanded for every factor of production and for all goods and services 

consumed. Hence, all interactions among the included markets are taken into 

account and, consequently, all interrelationships between sectors are explicitly 

considered. In addition, the maximising behaviour of economic agents determines 

which variables that is to be modelled, either endogenously or exogenously. 
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A CPE model can shed some light on the interaction between the sectors in the 

forest cluster. For example, Dixon et al., (1982) develops a multi-sectoral model 

that can be used to estimate the impact of a range of economic changes on 

Australia's forestry and wood-based industries as shown by Bruce (1988). 

However, in models attempting to analyse specific forestry issues, such as 

stumpage tax, requires additional variables. For instance, Alavalapati et al., (1997) 

set the stumpage fees as exogenous variables as to investigate the impact of an 

increase in stumpage fees on the overall economy of British Columbia. 

The analytical approach herein is based on a computable partial equilibrium model 

of the Swedish forest cluster. The Forest Cluster Model (FCM) encompasses 

production from sawmills, pulp and paper mills, the woodboard industry and from 

the energy sector. In addition, it encompasses the modelling of the markets for both 

final products and intermediate goods related to the forest cluster. 

The model is designed in order to study short termed effects on various actors in 

the forest cluster that might occur after the conditions on the output market for the 

sawmill industry changes. The model is implemented on different scenarios in 

which the demand for sawn wood products is altered in relation to the baseline 

scenario. 

The sawmill industry has a central role in the procurement chain of wood raw 

materials not only to other forest industries but also to other industries such as the 

energy sector. By-products from sawmills, e.g., sawdust and woodchips, are sold to 

the pulp and paper industry, the wood board industry or the energy sector. The 

energy sector has during later years increased its procurement of sawmill by-

products. The pulp and paper industry utilise woodchips from the sawmills as 

complement or substitute to internally produced woodchips. Most sensitive for 

fluctuations in the price of sawdust is, however, the woodboard industry. The lack 

of practical raw material substitutes forces the woodboard industry to either 

decrease its production or increase the price for its final products as a consequence 

of increasing raw material prices. 

Figure 1-1 depicts a conceptual framework of the interaction between different 

sectors in the forest cluster, including the energy sector. The figure identifies the 

main connections between included sectors and makes no attempt to quantify or 

otherwise identify magnitudes and scope of the connections. This remains to be 
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empirically tested and analysed. An important and useful tool in such analyses is to 

develop a mathematical model which is constructed to reflect the economical and 

institutional relationships the currently prevails in the forest cluster. The model can 

than be used to analyse different hypotheses and predict distribution effects from 

changing market conditions for the saw mill industry. 
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industry

Price signals

Foreign markets

Domestic 
markets

Pulp wood

Saw timber

Board
industry
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industry
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Harvest 
Residues

 

Figure 1-1: Conceptual representation of the forest cluster 
 

1.3 Outline 

The report continues with a description of the industrial sectors included in the 

forest cluster as well as a presentation of statistical information needed in the 

simulation of the forest cluster model (FCM). In chapter three the outline and 

construction of the FCM is presented including discussions on key parameter 

values and limitations to the FCM. Chapter four presents and discusses the 

simulation results from three different scenarios. Finally, chapter five summarises 

the results and provides an overall discussion of the implications of the results. 
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2. STYLISED FACTS ABOUT THE FOREST CLUSTER 

The model consists of five individual industrial sectors: the sawmill industry; the 

pulp and paper industry; the woodboard industry; the forestry sector and; the 

energy sector. Five markets for intermediate forest products are included: 

pulpwood; sawlogs; harvest residues; sawdust and; woodchips. Furthermore, four 

final product markets are included: paper products; sawn wood products; 

woodboard products and; energy. 

2.1 Overview 

The forest industries have historically had a considerable impact on the economical 

development in Sweden. In comparison to other European countries only Finland 

has had a similar reliance on the forest industries. The wood processing industry 

together with the pulp and paper industry employed approximately 78,000 persons 

in 2002 and accounted for nearly 12 per cent of the total value added made by the 

manufacturing industry. In addition, the forest industries contribution to the net 

export was 88,000 million SEK (National Board of Forestry, 2003).  

The utilisation of forest resources is diversified. The dominating sectors of the 

forest industries – saw mills, pulp and paper and the woodboard industries – differ 

in scope, capital intensity, structure and technology. The largest differences can be 

identified between the sawmill industry, which has a traditionally relatively low 

scale production, and the other sectors, which are relatively more capital intensive. 

During the period between 1990 and 2001 the total energy supply increased by 7.6 

per cent from 569 to 616 TWh. During the same period the utilisation of biomass, 

including black liquor, has increased from 65 to 98 TWh and constitutes 

approximately 16 per cent of the total energy supply. Today biomass is a larger 

energy source than hydropower. The total energy need in Sweden is expected to 

increase by 27 per cent to 2020 (NUTEK, 1996). This increase as well as 

compensation for a settlement of nuclear power most be provided for. Since an 

expansion of hydropower is politically undesirable and an increased utilisation of 

fossil fuels conflicts with the environmental goals it is expected that renewable 

energy sources will fill future energy demand. Bioenergy is expected to play a 

significant role in this development. 
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2.2 Sawmill industry 

The production of sawn goods amounted to roughly 16.4 million CUM in 2000 of 

which some 98 per cent consisted of confers. Saw mills with a capacity exceeding 

5,000 CUM accounted for 97 per cent of the total production which took place in 

245 regionally disperse mills. Moreover, the 10 largest mills accounted for 55 per 

cent of the total production in 2002. In addition to the utilisation of domestic forest 

resources nearly 7.9 per cent of the total consumption of sawlogs was imported. 

The production of sawn goods has since 1980 increase from some 11 million CUM 

to more than 15 million CUM in 2002. At the same time the real export price has 

decreased from just above 800 to approximately 650 SEK per CUM. Figure 2-1 

depicts the historical production and export price of sawn goods in Sweden 

between 1980 and 2002. 

 

Figure 2-1: Production and export price of sawn goods from Sweden between 1980 
and 2002 (constant 1980 prices) 
Source: FAO (2003). 
 
By-products from the saw process, i.e., sawdust and woodchips, are important 

intermediate inputs for other industrial sectors. The supply of these by-products is 

determined solely by the demand for sawn goods and not by their own demand 

schedule. Table 2-1 presents an output table for saw mills with an annual 

production exceeding 5,000 CUM. In the production process nearly 50 per cent of 

the sawlogs volume is transformed to by-products. 
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Table 2-1: Output table for sawmills with an annual production exceeding 5,000 CUM 
(per cent of volume) 

Output Share (volume) 
Sawdust 10.4 
Woodchips 34.3 
Saw wood products 47 
Other 8.3 

Source: Navrén (2000) 

Saw dust 

Sawdust is produced in connection to the sawing and planing of wood and is 

considered a by-product since it is the demand of sawn goods that determines its 

supply. The possibility, via market forces, buyers of sawdust has to affect the 

supply of sawdust is small to none. 

Two industrial sectors in the model demands sawdust: (1) the woodboard industry 

and; (2) the energy sector. During 2001 some 4.5 million CUM of sawdust were 

available on the market. Close to 24 per cent was directed to the woodboard 

industry and 71 per cent went to the energy sector to be refined to pellets or used 

for direct energy extraction. The remaining was used as fuel in the sawmill industry 

and other marginal areas of use. 

Figure 2-2 depicts different areas of use for sawdust and their development over 

time. Notable is the large increase in the utilisation of sawdust in the production of 

refined wood fuels. Prices are often negotiated in one-year contracts but longer 

contracts exist. No official price statistics are collected but various branch 

organisations collects information from its members. In Figure 2-3 a compilation of 

the real price for sawdust is presented (in constant 1980 prices) as reported by the 

National Association of Swedish Saw Mills (Sågverkens Riksförbund). The price is 

reported both in SEK per CUM and SEK per MWh.   
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Figure 2-2: Areas of use for sawdust, 1990-2001 
Source: STEM (2003). 
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Figure 2-3: Real average price for sawdust (1980=100) 
Source: STEM (2003). 
 

Woodchips 

Between 1981 and 2002 the real price of woodchips has more than halved and has 

levelled out around 11 SEK per CUM. Figure 2-4 presents woodchip prices for 

different regional markets. Please note that the Central Saw Mill Association and 

Värmlands Saw Mill Association merged and formed Saw Mill Middle Sweden in 

1999. The prices are calculated based on transportation distances between 50 and 
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150 km. Contracts are sign for a few months to several years and are often based 

on weight instead of volume.  
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Figure 2-4: Regional woodchip prices (1980=100) and total production regardless of 
area of use  
Source: National Board of Forestry (2004). 
 

During the same period the production of woodchips has increased by more than 4 

million CUM. The largest consumer of woodchips is the pulp and paper industry, 

which consumed nearly 90 per cent, or 12.2 million CUM, of the total production 

of wood chip in 2001. The remaining was consumed by the energy sector and the 

woodboard industry, which consumed 1.1 and 0.1 million CUM respectively. 

Despite woodchips is an important intermediate input for the pulp and paper 

industry the role of the woodchip market as a link between the two roundwood 

markets has attracted little attention. This study take into account the interaction of 

the markets for roundwood, sawdust and woodchips in hope of providing a better 

understanding of how the use of woodchips is reflected in the roundwood prices 

and quantities.  

2.3 Pulp and paper industry 

The largest production facilities in the forest industries can be found in the pulp 

and paper industry. International competition and economies of scale have 

successively increased the capacity for the average mill. As a consequence, the 
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pulp and paper mills must secure a large and competitive raw material base as to 

facilitate its needs. Changing market conditions allows the mills, within certain 

limits, to change raw material source to the one most favourable for the moment. 

The dominant raw material is pulp wood from pine, spruce or birch.  

In addition to pulp wood large quantities of woodchips is purchased from the 

sawmills to complement internal woodchip assortments. There might be qualitative 

requirements on the purchased woodchip that limits its substitutability for 

internally produced woodchips. In 2001, some 11 million CUM wood chips were 

purchased from sawmills. 

Figure 2-5 presents the production and export price for mechanical and chemical 

woodpulp in Sweden between 1980 and 2001. Chemical (sulphate) is to dominant 

pulp with a production just below 7 million ton in 2001.  

 

 

Figure 2-5: Production and export price of mechanical and chemical woodpulp in 
Sweden for 1980-2001 (constant 1980 prices) 
Source: FAO (2003). 
 

The real price for sulphate woodpulp has fluctuated considerable during the period. 

The highest price was observed in the middle of the 1980s corresponding to more 

than 2,500 SEK per dry ton while the lowest price was observed during the early 

and late 1990s corresponding to 1,200 SEK per dry ton. Mechanical woodpulp has 

exhibit a more stable price development. 
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2.4 Forestry 

Harvesting of sawlogs has during the period 1963 to 2001 remained relatively 

constant. The end of the 1960s saw a rapid increase in harvesting activity only to 

fall back and remain constant throughout the 1990s. Figure 2-6 depicts the 

harvesting and price of sawlogs. Note that in 1994/95 a transition to a new 

estimation method was employed making direct comparison to previous years 

difficult. The price development exhibits a decreasing trend with a price level 

around 400 SEK per CUM.  
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Figure 2-6: Average price and production of sawlogs (conifers) in constant 2001 prices 
Source: National Board of Forestry (2003). 
 

Figure 2-7 presents the harvesting and price development of pulpwood for the 

period 1967 to 2001. As in Figure 2-6 a new estimation method came into effect in 

1994/95 making direct comparison with previous years difficult. 

The harvesting of pulpwood has during the period remained relatively stabile, 

fluctuating between 20 and 30 million CUM. Pulpwood prices have during the 

latter years decreased and settled around 250 SEK per CUM.  
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Wood market studies have typically examined the markets for sawlogs and 

pulpwood separately. A few studies have, however, considered the interrelationship 

of these two markets through cross-price effects (e.g., Kuuluvainen et al., 1988; 

Brännlund 1989). 

 

Figure 2-7: Average price and harvesting of pulpwood in constant 2001 prices 
Source: National Board of Forestry (2003). 
 

2.5 Woodboard industry 

In 2002 some 295,000 CUM fibreboards and 564,000 CUM particle boards were 

produced in 10 production facilities in Sweden, mostly for domestic use. Roughly 

1.1 million CUM saw dust and 100,000 CUM woodchips were used in the 

production. Between 60 and 70 per cent of the sawdust is purchased directly from 

sawmills and the remaining from wood fuel suppliers. Internal production of 

sawdust is limited. Substitutability between different raw materials is limited by the 

final product and usually incurs higher production costs compared to the use of 

sawdust. 
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Figure 2-8: Production and import price of fibreboards and particle boards for 1978-
2001 (constant 1980 price) 
Source: FAO (2003). 
 

Procurement of wood raw material constitute the single largest cost share for the 

woodboard industry and corresponds roughly to 30 per cent of the total costs. 

Chemicals, energy, capital, labour and other costs correspond to between 6 and 17 

per cent of the total costs. 

2.6 Energy sector 

The industry sector, district heating, CHP and small residentional dwellings are the 

main users of biofuels. Within the industry sector the pulp and paper industry’s by-

products, e.g., black liquor, is the largest single contributor corresponding to 

roughly 35 TWh. This energy is, however, in large parts used internally with only 

small share entering the energy markets. Sawmills and the woodboard industry 

utilise nearly 8 TWh, mostly for internal energy needs. It is in district heating and 

CHP that most of the pure energy generation occurs. It is also in this sector that the 

largest utilisation increase of biofuels has occurred since 1990. Nearly 29 TWh of 

biofuels was used in the district heating systems during 2001 of which wood fuels 

accounted for 18.6 TWh and the remaining of refuse, peat and other biofuels. Since 

1990 the utilisation of wood fuels has increased five-fold and consists mainly of 

harvesting residues and by-products from the forest industries.   
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Fuel types 

The energy sector obtains its needs for forest fuels mainly through chipping of 

harvesting residues, industrial by-products and/or production of refined wood fuels 

such as pellets. 

Harvesting residues includes forest fuels such as branches, tree tops, small 

diameter tress and other low quality stems that lacks, or have limited, usefulness in 

the pulp and paper industry. Harvesting residues can be extracted either in the final 

harvesting or in thinning operations. However, it is in the final harvesting that large 

synergy effects can be achieved. The larger cost share is carried by the extraction 

of the roundwood while additional costs associated with the collection of 

harvesting residues are limited. Figure 2-9 depicts the production and real price for 

forest chips for the years 1993 to 2002.  Is seen in the figure the production has 

increased from nearly 5,000 GWh to more than 8,500 GWh. The real price has 

remained relatively constant around 45 SEK per MWh for heating and around 40 

SEK per MWh for the industry. 

 

 

Figure 2-9: Production and real price for forest chips between 1993-2002 (constant 
1980 prices) 
Source: Lundmark and Söderholm (2004). 
 

Refined wood fuels include wood fuels that have been treated in the purpose to 

enhance its characteristics and thereby improve its usefulness. Traditionally the 

common raw material in the production of refined wood fuels consists of by-
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products from sawmills. Woodchips and sawdust is the dominant raw material but 

also straw, peat and energy grass can be used. Producers of refined wood fuels are 

often part of larger conglomerations in which sawmills also can be included. This 

facilitates purchasing raw materials. Roughly 35 per cent of the raw material 

procurement is traded internally in these conglomerations. As can be seen in Figure 

2-10, the production of refined wood fuels has increased from 1,400 GWh in 1993 

to more than 5,100 GWh in 2001. This corresponds to almost a four-fold increase 

in the production. At the same time the real price has remained relatively constant, 

only a minor increase from 58 to 62 SEK per MWh has occurred. 
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Figure 2-10: production and real price of refined wood fuels, 1993-2001 (constant 
1980 prices) 
Source: Lundmark and Söderholm (2004). 
 

Forest chips and woodchips from sawmills are in some degree very similar. The 

main difference is that the pulp and paper industry can not use forest chips due to 

the mixture of to many low quality wood fibres. The production of by-products 

from the forest industries used in energy generation is presented in Figure 2-11. As 

indicated, the production increased by almost 5,000 GWh from 4,000 GWh in 1993 

to more than 9,000 GWh in 2002. This corresponds to 1.6 million CUM wood 

chips in 1993 and 3.4 million CUM in 2002. The price exhibits small variations for 

both heating and industrial uses with prices around 37 SEK per MWh and 29 SEK 

per MWh respectively. 
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Figure 2-11: Production and real price of woodchips (and other industrial by-
products), 1993-2002 (constant 1980 prices) 
Source: Lundmark and Söderholm (2004). 

 16



3. THE FOREST CLUSTER MODEL (FCM) 

All statements about the future are uncertain; however, uncertainty should be 

reduced, and addressed properly. The fundamental philosophy of economic 

modelling is to combine information from past with current understanding in order 

to give a likely range of developments. In practice, this requires the construction of 

a simplified model of economic behaviour that examines the relationships between 

key economic factors. 

The consequences of changing market conditions for the sawmill industry is 

analysed in a numerical model that incorporate essential aspects of the forest 

cluster and the related input and output markets. The basic structure of the model 

and key model parameters are presented here. 

3.1 The FCM Structure 

A schematic view of the model was presented in Figure 1-1. Due to differences in 

input mix and input prices, production costs vary across the sectors in the forest 

cluster. Furthermore, production costs also vary within a specific sector due to 

variations in productivity across individual plants. In general, the production cost 

for a given technology and sector can be described by an industry cost function 

[1]     ( )ii Qc ;ip  
 

where iQ is the output of industry i which is treated as fixed, is a vector of 

input prices. The cost function in equation [1] is treated as additively separable in 

input prices and output, i.e., 

ip

( ) ( ) ( )iiiii QhgQc += ii pp ; , where  is 

homogenous of degree one and 

( )⋅ig

( )⋅ih  is increasing and convex ( )0,0 >′′>′ hh . This 

formulation implies that a shift in factor prices will have an equal effect on all 

plants with a given technology in a given industry (Chambers, 1994). The first 

order derivatives of the cost function [1] with respect to input prices give the 

conditional input demand functions (Varian, 1992). 

[2]     
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∂
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where  is a vector of conditional input demand for industry i. The model 

includes international markets for all intermediate products. The international 

prices are determined by global supply and demand. Local input prices may, 

however, vary due to differences in input quantities. 

ix̂

The model allows for substitution between domestic and international intermediate 

products. In addition, in the products processes, substitution is possible between 

raw material inputs in as far the individual industries have a strictly positive 

demand for the raw material. 

The sawmill industry 

Figure 3-1 depicts the relationship between inputs and outputs for the sawmill 

industry. The conditional input demand consists on choosing between domestic or 

imported sawlogs in order to satisfy a fixed composite demand for sawn wood 

products. The decision is based on the relative price between domestic and 

imported sawlogs. Sawmills are assumed to minimise costs subject to the fixed 

composite demand for sawn wood products. In addition to the production of final 

goods, sawmills produces sawdust and woodchips in fixed proportions to the input 

quantity. As a by-product, share α  of the vector of total sawlogs input  is 

converted to woodchips, i.e., one unit of sawlogs gives an output of units of 

woodchips. Similarly, share 

sx̂
sx̂α

β of the vector of total sawlogs input  is converted 

to sawdust, i.e., one unit of sawlogs gives an output of  units of sawdust. 

sx̂

sx̂β

It is further assumed that sawmills trade their products in competitive markets in 

which they act as price-takers. The domestic supply of sawdust is demanded by the 

energy sector and the woodboard industry and can not increase in response to an 

increased demand. The supply of woodchips is demanded by the pulp and paper 

industry, energy sector and the woodboard industry and can not increase in 

response to an increased demand. The supply of sawdust and woodchips is only 

affected by changing demand for the sawmill industry’s final 
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products.
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Figure 3-1: Input and output relationships for the sawmill industry 
 

The forestry sector 

The forestry sector produces pulpwood, sawlogs and harvesting residues (forest 

chips) as depicted in Figure 3-2. The potential supply of harvesting residues is 

assumed proportional to the harvesting of roundwood and can not exceed the fixed 

proportion. That is, share θ  of the vector of total roundwood supply  is the total 

availability of harvesting residues, i.e., one unit of roundwood harvested produces 

units of harvesting residues. 

fq

fqθ

Through the study it is assumed that roundwood markets are perfectly competitive 

and that forest owners maximise their total revenue subject to costs. Marginal costs 

are assumed to be an increasing function of harvested volume. It is further assumed 

that harvesting level cannot exceed the annual growth guaranteeing a sustainable 

utilisation. 

The supply of roundwood, i.e., pulpwood and sawlogs, is exogenously determined 

to assure sustainable harvesting levels. The supply of harvesting residues is 

conditional on the actual roundwood harvesting level and is calculated as a fraction 

of the harvesting level. 
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Figure 3-2: Input and output relationship for the forestry sector 
 

The energy sector 

The conditional input demand for the energy sector in Figure 3-3 is based on cost 

minimising behaviour. Weak separability is assumed in the energy sectors choice 

between forest fuels and other fuel types making them separate decisions. The 

conditional input demand vector consists of sawdust and woodchips from the 

sawmill industry and harvesting residues (forest chips) from the forestry sector. 

The choice of forest fuel is then determined by their relative price. The conditional 

input demand is optimised as to satisfy a fixed demand for bioenergy, which is 

assumed to be a fixed proportion of the total energy demand in Sweden. 
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Figure 3-3: Input and output relationship for the energy sector 
 

The allocation of sawdust is distributed between the energy sector and the 

woodboard industry according to their cost minimising behaviour. The allocation 
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of woodchips is distributed between the energy sector, woodboard industry and the 

pulp and paper industry according to their cost minimising behaviour. Harvesting 

residues lacks alternative use and is only demanded by the energy sector. 

Pulp and Paper Industry 

The vector of input choices for the pulp and paper industry consists of imported 

and domestic pulpwood and domestic woodchips as shown in Figure 3-4. The 

choice between domestic and imported pulpwood is decided by relative prices. The 

conditional demand for domestic woodchips is supplied by the sawmill industry 

where the total supply is allocated between the pulp and paper industry, energy 

sector and the woodboard industry according to their cost minimising behaviour. 

The total demand for wood chips can not exceed the domestic supply.  

Furthermore, the pulp and paper industry is assumed to act as price-takers in both 

the input and output markets. The conditional input demand is optimised as to 

satisfy the total aggregated demand for paper products where the export price act as 

price signal. 

Production function

Assumed Behaviour

PPI

Conditional input 
demand

pp

( )pxfQ p =

( ) ( ) pppp

x
xxpx

p
=pcmin

( )pxfQ p =s.t.

( )pp px ,ˆ pQf=

px̂

Pulpwood domestic

Pulpwood import

Woodchips domestic

Woodchips import

p
pw

f
pw xq =

p
pwx~

p
wcx~

p
wcx

Production 
paper products pQ

 

Figure 3-4: Input and output relationship for the pulp and paper industry 

The demand for domestic pulpwood can not exceed the domestic supply of 

 

pulpwood. However, the total demand for pulpwood, i.e., both imported and 

domestic, can exceed the domestic supply where import in that case fills the slack.  
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Woodboard Industry 

Figure 3-5 presents the conditional input demand vector for the woodboard 

industry consisting of sawdust and woodchips from the sawmill industry. No 

import is assumed allowed. The allocation of sawdust from the sawmills are 

distributed between the woodboard industry and the energy sector according to 

their respective cost minimising behaviour. Woodchips are distributed between the 

woodboard industry, energy sector and the pulp and paper industry according to 

their respective cost minimising behaviour. 

Woodboard Industry

Production function

Assumed Behaviour

Conditional input 
demand

( )wxfQ w =

( ) ( ) wwww

x
xxpx

w
=wcmin

( )wxfQ w =s.t.
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Sawdust domestic

Sawdust import
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Figure 3-5: Input and output relationship for the woodboard industry 
 

It is assumed that the production function exhibits a weak separability between 

fibre raw materials and the other inputs. This indicates that the woodboard industry 

makes its input decision regarding fibrous raw materials independent of the 

employment of other inputs. The conditional input demand is made as to satisfy a 

total aggregated demand for wood board products. Import price is the upper limit 

on the domestic market clearing price. 

3.2 Implementing FCM 

Hitherto, only general relationships between the sectors in the FCM have been 

discussed. However, in order to implement the model empirically functional forms 

are needed the explicitly describes the exact relationship between the sectors and 

the markets. 
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The model developed is static and designed to endogenously determine the market 

clearing price and quantity for five forest resource markets. Implicitly the model 

assumes that the production capacity for each industry is exogenously determined 

indicating that it is a short term model. In addition, for all industries, it is assumed 

that they choose input quantity as to be able to satisfy the demand for their final 

products ( )iQ , which is assumed constant. Thus, the input demand is conditional on 

satisfying the demand for the final output, e.g., sawn wood products and paper 

products. 

The implementation of the FCM is based on two general behaviour approaches. (1) 

The forestry sector, representing forest owners and their decision to harvest 

roundwood and extract harvesting residues, is assumed to maximise their revenues 

with an increasing marginal cost. (2) The pulp and paper industry, the sawmill 

industry, the woodboard industry and the energy sector are assumed to have the 

same structural behaviour and therefore also the same empirical specification. For 

that reason they are discussed as a group. 

Forestry 

The model specification for the forestry sector is based on Kallio et al., (2004). The 

starting point in defining the roundwood supply is the observed harvesting 

quantities fq(  which is a vector consisting of all roundwood categories, observed 

roundwood prices fp(  and estimated inverse supply elasticities of roundwood 

categories . Thus, the inverse roundwood supply function can be specified as ε

[3]     ( )εffff qγφp +=   
 

where  is an exogenous cost component in roundwood prices that does not 

depend on the harvesting levels,  is roundwood harvest levels,  is roundwood 

prices and  is a shift parameter which account for the factors affecting the 

roundwood supply other than prices. The value of  is calibrated by substituting 

baseline scenario values for 

fφ

fq fp

fγ

fγ

fq( , fp( , ε  and  in equation [3]. fφ
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Forest Industries and the Energy Sector 

The functional form for the cost function in equation [1] is based on a calibrated 

constant elasticity of substitution (CES) formulation with n variable inputs and 

constant return to scale for every sector (i=s, p, w, e). In its calibrated form the 

CES cost function explicitly incorporate baseline values for input demand ix( , input 

price ip( , cost ic( , output of final products iQ
(

 and cost shares iλ
(

. In addition, the 

elasticity of substitution is also explicitly incorporated ρ . In this form the 

production function is written 
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 represent the cost shares at the baseline values 

and are calculated as  
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The corresponding cost function in the calibrated form can then be written as 
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From the cost function it is possible to derive the conditional input demand by 

taking the first derivative with respect to the input prices 
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The inverse input demand function can then be expressed as 
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The two first terms indicates how the price changes in response to cost or input 

demand changes in relation to the baseline scenario. The last term indicate how 

changes in the production of final goods affect input prices in relation to the 

baseline scenario. 

The marginal cost function is defined as 
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where is an industry specific exogenous input cost component that does not 

depending on the production level, is an industry and input factor specific cost 

component that depends on the input demand, is a capacity parameter greater 

than unity and is the industry and input specific input constraint.  

iϕ

i
jγ

iψ

i
jk

Hence, for low values of  the marginal cost is close to . If  the 

marginal cost is equal to  and is rapidly increasing as  grows. The 

specification of the marginal cost function is intended to approximate the higher 

production costs associated with expanding the utilisation of input factors above a 

certain level. Hence, the industries are choosing input with given input capacity.

i
jx iϕ i

j
i
j kx =

ii γϕ + i
jx

1

                                                      

1 The term capacity should not be interpret as an absolute limit on input quantity. Rather, it 

can be viewed as a break-point at which further quantities becomes considerably more 

costly due to, for example, major refitting needs.  
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The international trade prices for forest resources are assumed to be exogenously 

determined by global demand and supply. Even tough Sweden is a relatively major 

producer of wood-based products its possibility to affect the international prices are 

limited. 

Input choice and thus the input price level is determined by cost minimising 

behaviour. The competitive environment is assumed to be that of a standard 

competitive market where the equilibrium condition stipulates that marginal costs 

must equal input price levels. 

[11]       ii px=i

x
c

i
min

 

Furthermore, input demand is constrained by its supply, including both domestic 

production and import possibilities 

[12]       jj xq ˆ≥

 

3.3 Key Model Parameters 

The consequences changing market conditions for sawn wood products have on the 

forest cluster depends on several parameters that are difficult to determine. 

Parameters of a partial equilibrium model can roughly be categorised into two 

classes: levels and price elasticities. While the levels of variables are observable 

from yearly statistics, the price elasticities are notoriously more difficult to obtain. 

To estimate all price elasticities empirically is well beyond the scope of this paper. 

Instead the needed empirical estimates of price elasticities are obtained through 

previous research. 

In the FCM, parameters are necessary for different situations. A few comments on 

the parameters are needed in order to get a better understanding of the simulation 

results. Short implementation issues as well as short descriptions on roundwood 

supply elasticities, input substitution and intermediate input demand elasticities are 

presented below. 

Empirical modelling of the supply of roundwood is an important research topic in 

the field of forest economics. In general, roundwood markets in Sweden have many 
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similarities with the corresponding markets in Finland which makes cross-

comparisons easy. Econometric studies have established a positive correlation 

between wood stumpage price and supply from private forest owners, which 

supplied almost 60 percent of the roundwood in Sweden in 2002 (National Board 

of Forestry, 2004). For instance, Toppinen and Kuuluvainen (1997) obtain price 

elasticity estimates for short-term pulpwood supply to 0.4 between the years 1960–

1992. For sawlogs supply, Kuuluvainen et al., (1988) obtained a price elasticity of 

0.53 and Tikkanen and Vehkamäki (1990) obtained a price elasticity of 0.68. More 

recent studies have produced more mixed results. For example, in Toppinen and 

Kuuluvainen (1997), the sawlogs supply elasticity was estimated to be insignificant 

or very small and in Toppinen (1998) it was estimated to 1.9. Herein, it is assumed 

that the supply elasticities for sawlogs and pulpwood are of the same magnitude 

and set to a more moderate 0.6. 

The FCM recognises the substitution possibilities between different domestic 

fibrous raw materials, such as that between domestic pulpwood and woodchips for 

the pulp and paper industry, as well as the substitution possibilities between 

domestic and imported fibrous raw materials of the same type. The technological 

possibilities to substitute between the various fibrous raw materials are considered 

reasonably good. In accordance with the FCM the discussion on the input 

substitution elasticities are conducted below firstly for different types of fibrous 

raw material and secondly for domestic and imported sources of the raw material. 

(i) Intermediate input substitution elasticities for the different fibrous raw materials 

are obtained from previous research. Few empirical studies have however, on the 

necessary level of details, been conducted on the input substitution possibilities for 

the European forest cluster in general and for the Swedish forest cluster in 

particular. The substitutions elasticities employed are derived from various sources 

(Baardsen, 2000; Kangas and Baudin, 2003; Lundmark and Söderholm, 2003; 

Samakovlis, 2001; Rehn, 1995). (ii) As industrial consumption of wood continues 

to grow, international trade becomes an increasingly important source of wood for 

the world's forest industries. Different approaches have been used in order to 

explain the international trade patterns for forest resources. For instance, it has 

been suggested that pulpwood imports are used as a backstop to reduce swings in 

domestic supply. Bergman and Löfgren (1991) have, however, rejected that 

hypothesis. Furthermore, Hultkrantz and Wibe (1989) extend the model by 

including imperfect markets but even that lacks the power to explain the trade 
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pattern. They instead conclude that the most important factor explaining trade 

patterns is changing international prices for forest resources. This insight is further 

reinforced by Nordvall (1996) that, by deriving input factor demand equations for 

pulpwood in Sweden and Norway, finds that the important determinants of the 

trade pattern are the lagged price of the resources and the price of other inputs in 

the production process. Uusivuori and Kuuluvainen (2001) finds that cross-price 

elasticities of derived demand based on maximum-likelihood estimation show that 

substitution between different categories of imported wood in world imports is 

fairly low. By contrast, substitution between imported wood and domestically 

produced wood is high. Long-run own-price and cross-price elasticities are larger 

in absolute terms than short-run elasticities. Moreover, they find strong 

substitutability between domestic and imported wood in the long run. Nilsson 

(2000) estimates the substitution and cross-price elasticities for domestic and 

imported roundwood and gets mixed results. The estimated degree of 

substitutability between domestic and imported roundwood is quite high. The 

elasticity of substitution between roundwood from different sources in the FCM 

has been set to 5. This figure is somewhat higher than the average substitution 

elasticity of 3.8 estimated by Nilsson (2000) for roundwood. A higher elasticity is 

chosen in order to reflect the fact that the defined forest cluster, which includes 

other raw materials than roundwood, is more heterogeneous than the model 

estimated by Nilsson (2000). 

Intermediate fibrous raw materials are few of the many commodities that are used 

to produce final consumer products such as homes or paper. Therefore, the 

demands for intermediate fibrous raw materials are derived from the demand for 

final products into which they are a material input. Initially the FCM assumes an 

input demand price elasticity of 0.5 for all the intermediate goods. This number is 

well in line with the widespread perception that intermediate input goods in the 

forest cluster are not very sensitive to price changes, at least not in the short run 

(Lundmark, 2004; 2005; Sjöström, 2004). 

3.4 Limitations of the Model 

The model structure presented in this paper is typical of the applied general 

equilibrium class of simulation models. These models are stylised and their 

structures are kept theoretically consistent to make the analysis tractable.  Perfectly 
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competitive forest markets have been assumed here, and consequently production 

and trade data has had to be adjusted in several ways to make it consistent with the 

neo-classical model. For example, total intermediate demand had to equal its total 

supply with zero profit. 

Since only five sectors are included in the model, a partial view is provided.  

Within these five sectors, several product types have been aggregated to simplify 

the analysis.  However, product aggregation makes the analysis insensitive to the 

diversity of products and policies within the sectors. Nonetheless, the current setup 

is sufficient to provide an overview of the effect changing market structure for the 

sawmill industry has on the forest cluster. 

Finally, the supply specification is rather crude since that the model is static. 

Moreover, environmental values of the forests are not taken into account; the 

model cannot be used to address the issue of forest management directly.  

However, it can be used to make some inferences from the changes in roundwood 

production resulting from the changing demand. 
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4. RESULTS 

The baseline scenario constitutes the norm to which comparisons of the 

hypothetical scenarios implemented are conducted. The baseline scenario is 

established in the numerical examples that follow. The baseline scenario is used to 

depict the situation in the forest cluster prior to any market changes and will thus 

constitute the norm to which comparisons are made. The model is calibrated to the 

2003 input market conditions, both in total and for each individual industry. 

Based on equation 3 the calibrated parameters for the roundwood supply functions 

can be obtained using observed price and quantity data. The baseline roundwood 

prices are weighted averages of pine and spruce delivery prices in 2003, which was 

386 SEK per CUM for sawlogs and 234 SEK per CUM for pulpwood (solid 

volume excluding bark) (National Board of Forestry, 2004). Furthermore, the 

domestic demand was 33.8 and 25.5 million CUM (solid volume excluding bark) 

for sawlogs and pulpwood respectively. The supply function parameters were 

defined to equate the price elasticities of roundwood supply in at baseline values 

with the given price elasticity estimate. The calibration of the conditional input 

demands depends on baseline values for the input demand, input price, cost, output 

of final product and cost shares. Table 4-1 summarises the baseline input demand, 

net import, domestic supply, input price and output by industry sector and 

intermediate input. 

4.1 Changing market conditions 

In order to answer the question whether changing market conditions for the 

Swedish sawmill industry will have any significant impact on the remaining forest 

cluster; focus will now be on different equilibria under various assumptions about 

the demand for sawn wood products. 
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Table 4-1: Baseline values for FCM calibration 

Sector Woodchips 
(million CUM) 

Sawdust 
(million CUM) 

Pulpwood 
(million CUM) 

Sawlogs 
(million CUM) 

Residues 
(million CUM) Output 

Pulp & Paper industry 12.2 - 31.5 - - 11.82  
Sawmill industry      - - - 34.8 - 16.83  
Woodboard industry 1.1 1.1 - - - 0.52  
Energy sector 0.1 3.2 - - 34 6.74

Net import - - 6 0.97 - - 
Domestic supply1 11.9      3.6 25.5 33.8 8.9 NA
Input price5 90      120 230 390 130
1 Based on Navrén et al. (2000) the supply of woodchips and sawdust is calculated as a fraction of 34.3 and 10.4 percent of the input 

demand for sawlogs by the sawmilling industry. The supply of harvesting residues is based on a fraction of 15 percent of the total 
roundwood harvesting level. 

2 The output for the pulp and paper industry and for the woodboard industry is measured in million tons. 
3 The output for the sawmill industry is measured in million CUM. 
4 The output for the energy sector is converted from TWh to million CUM using the following conversion factors: 2.4 MWh per ton and 

0.8 ton per CUM both with 50 percent moisture content. 
5 Measured in SEK per CUM. 

Source: National Board of Forestry (2003); Lundmark and Söderholm (2004).



Changing market conditions for the Swedish sawmill industry are conditional on 

many factors, which all could affect the demand for Swedish sawn products. In 

general, the factors can be derived through the domestic and foreign markets 

characteristics. For instance, 

 Investment levels might be reduced in Sweden and diverted to countries 

and regions which can yield a higher return to the invested capital. 

 New products, e.g., plastic and ceramics, suitable to be substituted for 

wood products are constantly being developed and improved upon 

reducing the demand for sawn wood products. 

 The domestic economy has a relatively lower growth rate. 

 An expansion of the Russian sawmilling industry would increase the 

international supply which would have profound impacts on trade with 

other regions. 

 Competition is most likely to increase, and highly developed countries, 

such as Sweden, will lose market shares due to relatively high production 

costs and lower marginal returns to capital compared to low-cost countries. 

Moreover, the competition is also likely to increase on domestic markets. 

This will especially be the case with relatively lower value added 

commodity products, where the critical factors in competition is the 

production cost. 

 Changing public policies could have large effects on the demand for sawn 

products. 

Three different development paths are elaborated to describe demand conditions 

for the sawmill industry. They are not intended to be exhaustive nor do they have 

to be entirely exclusive, they should, however, be consistent. Firstly, scenarios 

should be seen as descriptions of possible development paths given a change in the 

demand for sawn wood products. Secondly, several alternative reasons may cause 

the change in demand but the simulated market reactions should remain the same. 

The implemented scenarios are: 
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1) A ten percent reduction in the demand for sawn wood products (minor 

reduction scenario) 

2) A 30 percent reduction in the demand for sawn wood products (worse case 

scenario) 

3) A ten percent expansion in the demand for sawn wood products (expansion 

scenario) 

In the rest of this chapter, the three scenarios, the main items within the scenarios, 

and the reasoning behind the scenario results are described. It is also explained how 

the scenarios were translated into actual changes in the forest cluster, which can be 

measured in quantitative terms, such as changes in demanded quantities and prices. 

Market projections are also presented, which shows how forest products markets 

and industry sectors would change under the scenarios. Finally, the main 

implications of the scenarios on the forest cluster are discussed. 

4.2 Simulation results 

The scenario analysis clearly demonstrated that the forest cluster is sensitive to the 

policy and economic frameworks surrounding the Swedish sawmill industry. 

Different market sizes for the sawmill output leads to distinct outcomes in terms of 

production volumes, price changes, market size, trade volumes and share of 

different inputs in the production process. The analysis indicated that both 

production and consumption patterns are sensitive to changes in the demand of the 

sawmills final products and raw materials. There are also significant differences 

between inputs and between sectors in their responses to these changes. 

Furthermore, certain sectors and inputs would gain market share while others 

would lose. 

The Minor Reduction Scenario 

The minor reduction scenario, which simulates a ten percent reduction in the 

demand for sawn wood products compared to the baseline value, would lead to 

significant consequences, especially for the woodboard industry. The results in 

Table 4-2 presents the percentage change in the input demand, factor prices and net 
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import compared to the baseline values. Notably is the woodboard industry total 

reduction in its input demand for woodchips and sawdust.  

The sawmill industry is meeting the reduced demand for its products by itself 

reducing its input demand for sawlogs, which is reduced by 9.78 percent. The price 

of sawlogs decreases as a consequence of the shifting input demand by 8.65 

percent. The forest owners compensate the reduced domestic demand by increasing 

the export, affecting the net import negatively by 2.04 percent. However, not the 

entire reduction in the input demand for sawlogs can be compensated by an 

increasing export. Since the supply of woodchips and sawdust is directly 

proportional to the production of sawn wood products they will both be reduced 

causing an equal increase in their price across the sectors. The factor price for 

woodchips increases by 7.34 percent whiles the price for sawdust increases by 12 

percent. This price increase has a profound effect on the woodboard industry. Its 

entire input demand for woodchips and sawdust are reduced to zero, suggesting 

that the entire sector is forced to close down its operations. 

Table 4-2: Results from FCM simulation I – minor reduction scenario (in % change) 
 Pulp & 

Paper 
Sawmilling Woodboard Energy Weighted 

Change 
Demand, %          

Woodchips -2.28 - -100 -0.62 -10,3 
Sawdust  - - -100 -1.02 -26.3 
Pulpwood 0.82 - - - 0.82 
Sawlogs - -9.78 - - -9.78 
Residues - - - -1.46 -1.46 

Factor Price, %       
Woodchips 7.34 - 7.34 7.34 7.34 
Sawdust  - - 12.0 12.0 12.0 
Pulpwood 1.87 - - - 1.87 
Sawlogs - -8.65 - - -8.6 
Residues - - - 0.29 0.29 

Net import, %       
Woodchips 0.15 - -100 -0.01  
Sawdust  - - -100 -0.02  
Pulpwood 1.78 - - -  
Sawlogs - -2.04 - -  
Residues - - - 0.09  

 

The price increase of sawdust and woodchips also affects the pulp and paper 

industry and the energy sector but to a considerably lesser extent. The pulp and 

paper industry would reduce its input demand for woodchips by 2.28 percent but 

increase its net import by 0.15 percent while the energy sector would slightly 
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decrease its input demand by 0.62 percent and reduce its net import by 0.01 

percent. The energy sector absorbs some of the woodchips supply previously 

diverted to the woodboard industry. 

To compensate for the price increase in the woodchips the pulp and paper industry 

increases its input demand for pulpwood by 0.82 percent. The increased input 

demand for pulpwood by the pulp and paper industry and the reduced demand for 

sawlogs by the sawmill industry which affects the harvesting level indicates an 

increasing need to import pulpwood by 1.78 percent. The reduced harvesting level 

generates lower supply of harvesting residues which are assumed to be an available 

in fixed proportions to the harvesting level. This and the increased quantities of 

woodchips and sawdust available through the closure of the woodboard industry 

reduce the input demand for harvesting residues by the energy sector by 1.46 

percent. 

The price decrease corresponding to 8.71 percent on sawlogs and the price increase 

corresponding to 2.78 percent on pulpwood compared to the baseline values affects 

the forestry sector through changing the value of the forests. Compared to the 

baseline (see Table 4-1) the forestry’s total harvesting revenue is decreasing from 

20,817 to 18,802 million SEK. 

The Worse Case Scenario 

The worse case scenario, which simulates a 30 percent reduction in the demand for 

sawn wood products compared to the baseline value, would lead even more severe 

consequences. The results in Table 4-3 presents the percentage change in the input 

demand, factor prices and net import compared to the baseline values. Again, 

notably is the woodboard industry total reduction in its input demand for 

woodchips and sawdust.  

The 30 percent reduction in the demand for sawn wood products causes the 

sawmill industry to reduce its input demand for sawlogs by 28.1 percent compared 

to the baseline values. The net import is also affected and reduced by 5.86 percent. 

The reduction in the net import is however from an already low level, which 

reduces the economic significance of the changing trade pattern. More significant 

is the price decrease on the market for sawlogs. The reduced input demand for 

sawlogs causes the price level to decrease by 24.9 percent, profoundly affecting the 

 35



forestry sector. Moreover, the reduction in the sawmill industry production level is 

limiting the supply of its by-products. Both sawdust and woodchips are considered 

as by-products to the production of sawn wood products and is produced in fixed 

proportions to the production of sawn wood products. Due to the reduced supply of 

sawdust and woodchips their market clearing price increases by 34.6 and 21.1 

percent, respectively. The price increase makes it profitable for the pulp and paper 

industry to substitute the now relatively more expensive domestic woodchips for 

pulpwood and imports. This causes the pulp and paper industry’s input demand for 

woodchips to decrease by 6.55 percent and its input demand for pulpwood to 

increase by 2.35 percent. 

Table 4-3: Results from FCM simulation II – worse case scenario (in % change) 
 Pulp & 

Paper 
Sawmilling Woodboard Energy Weighted 

Change 
Demand, %          

Woodchips -6.55 - -100 -1.79 -14.2 
Sawdust  - - -100 -2.94 -27.8 
Pulpwood 2.35 - - - 2.35 
Sawlogs - -28.1 - - -28.1 
Residues - - - -4.21 -4.21 

Factor Price, %       
Woodchips 21.1 - 21.1 21.1 21.1 
Sawdust  - - 34.6 34.6 34.6 
Pulpwood 5.37 - - - 5.37 
Sawlogs - -24.9 - - -24.9 
Residues - - - 0.84 0.84 

Net import, %       
Woodchips 0.42 - -100 -0.04  
Sawdust  - - -100 -0.06  
Pulpwood 5.10 - - -  
Sawlogs - -5.86 - -  
Residues - - - 0.25  

 

Some of the pulp and paper industry’s increasing demand for pulpwood and 

woodchips are satisfied through increasing imports. The import of pulpwood is 

increased by 5.1 percent and the import of woodchips is increased by 0.42 percent. 

Perhaps not surprisingly, the woodboard industry is, as in the minor reduction 

scenario, forced to close down its operations since they can not sustain with the 

higher input prices. The energy sector also reduces its input demand for woodchips 

and sawdust as a consequence of increasing factor prices by 1.79 and 2.94 percent, 

respectively. 
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The price decrease corresponding to 24.9 percent on sawlogs and the price increase 

corresponding to 5.37 percent on pulpwood compared to the baseline values affects 

the forestry sector through changing the value of the forests. Compared to the 

baseline (see Table 4-1) the forestry’s total harvesting revenue is decreasing from 

20,817 to 15,141million SEK. 

The Expansion Scenario 

The expansion scenario, which simulates a ten percent increase in the demand for 

sawn wood products compared to the baseline value, suggests increasing supply of 

intermediate inputs. The results in Table 4-4 presents the percentage change in the 

input demand, factor prices and net import compared to the baseline values. 

Overall, the simulation results for the expansion scenario are the mirror image of 

the minor reduction scenario. When the minor reduction scenario suggests 

reduction the expansion scenario suggests increases. The one major exception to 

this is the effect on the woodboard industry. Instead of closing down it can under 

the assumptions in the expansion scenario increase its input demand for woodchips 

and sawdust.  

Table 4-4: Results from FCM simulation III – expansion scenario (in % change) 
 Pulp & 

Paper 
Sawmilling Woodboard Energy Weighted 

Change 
Demand, %          

Woodchips 2.28 - 0.02 0.62 2.08 
Sawdust  - - 0.04 1.02 0.77 
Pulpwood -0.82 - - - -0.82 
Sawlogs - 9.78 - - 9.78 
Residues - - - 1.46 1.46 

Factor Price, %       
Woodchips -7.34 - -7.34 -7.34 -7.34 
Sawdust  - - -12.03 -12.03 -12.0 
Pulpwood -1.87 - - - -1.87 
Sawlogs - 8.65 - - 8.65 
Residues - - - -0.29 -0.29 

Net import, %       
Woodchips -0.15 - -0.00 0.01  
Sawdust  - - -0.00 0.02  
Pulpwood -1.78 - - -  
Sawlogs - 2.04 - -  
Residues - - - -0.09  
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The increased demand for sawn wood products causes the sawmill industry’s input 

demand for sawlogs to shift outwards increasing the demanded quantity by 9.78 

percent. As a consequence, the price for sawlogs is also increasing by 8.65 percent. 

The factor prices for woodchips and sawdust are decreasing by 7.34 and 12.03 

percent, respectively, due to the increasing supply. This suggests that not only the 

woodboard industry but also the energy sector and the pulp and paper industry can 

substitute to an increasing utilisation of sawdust and woodchips since it they have 

become relatively cheaper. 

4.3 Market structure and price responsiveness 

Given the key role played by the elasticities in this study’s results, a number of 

sensitivity analyses have been conducted to check how sensitive the results are to 

these parameters. In the sensitivity check, the input price elasticities are increased 

by 50 percent.  The sensitivity results are reported in Table 4-5. When Table 4-5 is 

compared with the simulation results in Table 4-2, Table 4-3 and Table 4-4 the 

direction of the input demand changes are found to be robust.  

In addition to affecting the flow of intermediate inputs, a change in the market 

condition for the sawmill industry might cause structural changes on the different 

input factor markets. In order to shed some light on the effects of possible major 

structural changes on the input factor markets assumptions about the market 

structure and price responsiveness of input demand are altered. 

Table 4-5: Sensitivity analyses of FCM simulation results (in % change) 
 Input price elasticity 

increasing by 50 % 
Demand, %   

Woodchips -6.48 
Sawdust  -1.25 
Pulpwood -8.41 
Sawlogs -2.14 
Residues -6.65 

Factor Price, %  
Woodchips 3.25 
Sawdust  1.21 
Pulpwood 4.87 
Sawlogs 2.22 
Residues 7.05 
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In order to analyse the effects of different input price elasticities of input demand 

the FCM is solved using different elasticity estimates. The results presented in 

Table 4-5 are based in the weighted averages from the results tables on which the 

sensitivity analysis on the FCM results is conducted. By allowing the input price 

elasticities to increase by 50 percent the results are compared. The results in Table 

4-5 are interpreted as follows: If the input price elasticity for e.g. woodchips 

increases by 50 percent the input demand for woodchips (the weighted average of 

all sectors utilising woodchips) would decrease by approximately 6.5 percent. 

Similar interpretations can be made for the other estimated input demands and 

factor prices. Overall, the analysis indicates that the FCM produces relatively 

robust results.  
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5. CONCLUDING DISCUSSION 

The individual sectors in the forest cluster are not isolated from its environment, 

and many factors in the economic conditions and relationships shape the sectors, 

but are also too some extent beyond its control. However, understanding the 

interdependencies in the operating environment is essential if external impacts on 

the sectors and the consequences of its own decisions are to be anticipated. 

Because this study aims to help decision-makers to take into account the 

interdependencies and to understand the linkages in the cluster, three alternative 

scenarios are developed and described, and the main influences on the sector are 

discussed. 

The sawmill industry is identified as a crucial sector in the raw material 

procurement in the forest cluster as well as in its own procurement of sawlogs from 

the forestry sector. Its by-products, sawdust and woodchips, are diverted to the 

pulp and paper industry, the woodboard industry and the energy sector and its 

demand for sawlogs dictated, to a large extent, the generated revenues in the 

forestry sector. Therefore, the scenarios are assuming changes in the market 

conditions for the sawmill industry by allowing for reductions and expansion in the 

exogenously determined demand for sawn wood products. Furthermore, one often 

neglected element in the forest cluster is the energy sector. It is plausible to expect 

that tax policies aiming to increasing the competitiveness of renewable energy at 

the expense of fossil fuels and nuclear energy will continue to occur. For instance, 

high emission taxes placed on the use of polluting energy sources would increase 

production costs of the energy sector, and increase products prices, making it 

profitable to substitute for non-taxed biofuel. The consequence could very well be 

a slowing–down of economic growth rates in the medium and even long-term. An 

additional increase in forest product prices is likely to occur along with increasing 

competition for wood raw material when wood energy becomes a more attractive 

alternative. 

The simulation results indicate that even a small reduction in the demand for sawn 

wood products have serious effects on the price formation and on the quantitative 

flows of the intermediate inputs. The model demonstrates that factor prices tend to 

increase and that substitution effects puts an upward pressure on the net import and 

on the demand for different domestic inputs. Since the production facilities in the 
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forest cluster are geographical dispersed and quite often located in rural areas these 

consequences could have significant effects on the local or regional economies. 

5.1 Issues for the forestry sector 

In the three scenarios, the demand for roundwood, i.e., sawlogs and pulpwood, is 

affected. However, an analysis of the impact on the forest value was outside the 

scope of this paper and will be discussed in depth elsewhere. However, the issue is 

too important to be completely overlooked in the discussion. Implicitly and 

tentatively there are two main elements concerning the forestry sector. First, how 

will a reduction in the demand for sawlogs affect the forest value? Second, can the 

reduced domestic demand be compensated for by an increasing export? The 

behaviour of forest owners in Sweden was not analysed in this study, and the 

impact of price changes on their willingness to sell is open to speculation. In 

general, there is still limited information on the factors affecting the behaviour of 

forest owners as well as roundwood flows. However, there is some evidence that 

forest owners are sensitive to price levels in their selling behaviour (e.g., 

Loikkanen et al., 1986; Brännlund, 1988) see Solberg and Moiseyev (1997) for an 

overview. The reactions of forest owners are important, especially in the worse 

case scenario where a significant decrease in the demand for sawlogs is 

accompanied by a decrease in the price of sawlogs. 

Furthermore, the expansion scenario resulted in an increased demand for sawlogs. 

However, if forest owners value forest uses other than wood production, and if they 

are even offered economic incentives to provide non-wood uses (for public 

benefit), what kind of impact would it have on the roundwood supply? 

Nevertheless, there should be alternative strategies to secure the roundwood flow to 

the industry even in the case when roundwood supply is restricted or reduced. This 

is reinforced by the developing of domestic industries, especially in the Baltic 

States and Russia, which will increase the competition for roundwood and most 

likely decrease the possibility to rely on increasing roundwood imports. 

It is important to note that in this study, alternative land-uses like conservation, 

agriculture, and energy production, were not analysed, but they affect the physical 

availability of land for roundwood production. These factors may have a profound 

impact on roundwood availability. Changes in the economic environment affect the 
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forestry sector in various ways. However, as a concluding remark, the feedback 

and importance of the forestry sector to the remaining forest cluster should also be 

mentioned. Significant changes in the forestry sector will affect the other sectors in 

the forest cluster, e.g., the importance of forestry providing a domestic supply of 

roundwood and providing the opportunity to utilise harvesting residues in the 

energy sector. The forestry sector must, of course, carefully adjust to the needs of 

society, but also, the importance of the sector must be recognized in the policy 

making process. 

5.2 Is it possible to dampening some of the effects? 

In general, it is difficult to foresee policies that would disfavour forest products. 

However, the success of forest products is conditional on consumer perceptions 

and the ability of the forest cluster to promote forest products as a renewable 

material. Being recyclable, forest products should benefit from increasing 

environmental awareness if the attitudes are strong enough to have an impact on 

consumer behaviour. More stringent environmental standards and waste 

management policies should favour forest products and increase their 

competitiveness. 

The international competition is most likely to increase and the highly developed 

countries, such as Sweden, will lose market shares due to high production costs and 

lower marginal return to capital compared to lower income countries. From the 

point of view of the forest industry in the EU, there will also be increasing 

competition within the domestic markets. This will especially be the case with 

relatively low value added commodity products, where the critical factors in 

competition is the production cost, which would call for strategies like product 

differentiation and specialisation. Quality can be used in competition but it is likely 

to decrease over time since the production technology is converging between 

countries. 

5.3 Future research 

The results presented herein must be viewed in the context of the confinements of 

the FCM. The model is based on a number of assumptions that are making the 

model theoretically tractable but also on a number of assumptions that have been 
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made simplify to ease the construction, implementation and interpretation of the 

model. For instance, sawmills are treated as entities of similar size, technology and 

other production related issues. Furthermore, the FCM, in its present form, 

disregards regional difference in both procurement issues and on the markets for 

the final output. 

To improve the model flexibility and thereby allowing for more detailed results it 

is desirable to incorporate different production technologies both within sectors but 

also between sectors. By also differentiated more stringently between the 

intermediate products, i.e., allowing for different types of woodchips for instance, 

the FCM can produces specific results. The following issues must be addressed in 

more detail in future developments of the FCM: 

 Include dynamic aspects of the flows of the intermediate inputs and price 

formations. 

 Incorporate a regional market structure for the intermediate inputs. 

 Allowing for differentiated production technologies within an industry 

sector. 

 Allowing for a more stringent classification of intermediate inputs. 

 Include dynamic aspects of the flows of the intermediate inputs and their 

price formations. 

 Include a more detailed level of international trade patterns and of the 

economic consequences thereof. 

 Explicitly incorporate empirically verified market structures for the 

different sectors. 
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APPENDIX: LIST OF INDICES, PARAMETERS AND VARIABLES 

INDICES  

i industry sector 

j intermediate fibrous material input 

PARAMETERS  

iQ  constant composite demand for final product from industry i 

jp~  import-export price for input j 

i
jk  input capacity for input j in industry i 

i
jq(  baseline values for production of input j in industry i 

jp(  baseline values for the price of input j 

α  share of sawlogs converted into woodchips 

β  share of sawlogs converted into sawdust 

δ  forest biofuel share of total energy demand 

θ  share of harvest residues derived from total roundwood fellings 

jε  inverse supply elasticities for input j 

iϕ  fixed cost component not depending on production in industry i 

iγ  composite variable cost component for industry i 

iψ  capacity parameter for industry i 

  

VARIABLES  
i
jx  conditional input demand for input j in industry i 

i
jq  production of intermediate input j by industry i 

jp  price of intermediate input j 

i
jx~  conditional import input demand for input j in industry i 

ic  short run cost for industry i 
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