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Preface 

 

About the MATISSE project 

The MATISSE (Methods and Tools for Integrated Sustainability Assessment) project is funded by the 
European Commission, DG Research, within the 6th Framework Programme. The project is interested 
in the role that Integrated Sustainability Assessment (ISA) could play in the process of developing and 
implementing policies capable of addressing persistent problems of unsustainable development and 
supporting transitions to a more sustainable future in Europe. The core activity of MATISSE is to 
develop, test and demonstrate new and improved methods and tools for conducting ISA.  

This work is carried out through developing and applying a conceptual framework for ISA, looking at 
the linkages to other sustainability assessment processes, linking existing tools to make them more 
useable for ISA, developing new tools to address transitions to sustainable development and applying 
the new and improved tools within an ISA process through a series of case studies.  

The extent to which the case studies are carrying out a complete ISA for their area of focus varies 
between attempts to cover all phases of an ISA process to partial implementation of the process. 
Equally, different case studies are oriented to developing and testing tools and approaches to some, but 
not all, of the methodological challenges of ISA. The case studies are complementary, however, and 
the set of cases offers the opportunity to address a wide range of methodological challenges and to 
explore linkages between cases. An evaluation of practical experiences with ISA implementation in 
the case studies will provide guidance on the further improvement of methods and tools. Results will 
also contribute to more informed policy advice.  

What is ISA? 

Within the MATISSE project, Integrated Sustainability Assessment (ISA) has been defined as a 
cyclical, participatory process of scoping, envisioning, experimenting, and learning through which a 
shared interpretation of sustainability for a specific context is developed and applied in an integrated 
manner, in order to explore solutions to persistent problems of unsustainable development. ISA is 
conceptualised as a complement to other forms of sustainability assessment, such as Sustainability 
Impact Assessment, Integrated Assessment and Regulatory Impact Assessment. Whereas these other 
forms of assessment fulfil the pragmatic need for ex ante screening of incremental sectoral policies 
that are developed within the prevailing policy regime, ISA is conceptualised as a support to longer-
term and more strategic policy processes, where the objective is to explore persistent problems of 
unsustainable development that have a systemic pathology and possible solutions to these. ISA is 
therefore oriented toward supporting the development of cross-sectoral policies that specifically 
address sustainable development and at exploring enabling policy regimes and institutional 
arrangements. 

MATISSE Working Papers 

Matisse Working Papers are interim reports of project activities that are published in order to illustrate 
ongoing work and some provisional conclusions, as well as providing the opportunity for discussion of 
the approaches taken by the project and interim results. This discussion should be both within the 
project and between project members and the broader scientific and policy communities. Readers are 
encouraged to contact the authors to discuss the content of MATISSE Working Papers. 

 

Jill Jäger and Paul Weaver 

Editors of the MATISSE Working Paper Series 
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ABSTRACT 
This report describes (i) a partial equilibrium model for the forest sector, the EFI-GTM (European 
Forest Institute Global Trade Model) and the key sustainability indicators for the forest sector that 
were implemented in the model in the MATISSE project, ii) the projected  development of these 
indicators during 2000–2025 in the base case; and (iii) the impact on the indicators when it is assumed 
that the problem of degrading forest biodiversity is addressed in the EU/EFTA region by setting aside 
forest from commercial use for conservation.  

Regarding (i), we looked for the most important sustainability indicators drawing on the MCPFE 
(Ministerial Conference on the Protection of Forests in Europe) indicators of sustainable forest 
management and the discussions with the stakeholders arranged within the MATISSE project. The 
indicators were implemented in the EFI-GTM model in order to project their development and to 
assess, which are the main unsustainability issues in the sector in the future. 

Regarding (ii), we first defined the base case with which the impacts of the policy measures 
addressing unsustainability issues could be estimated. In the base case, turnover, production and 
employment in the forest sector (the last of particular importance to rural areas) all increase. 
Nevertheless, increased global competition over fibre resources decreases the profitability of the forest 
industries from the levels seen in the early 2000s. In relative terms, the value of timber sales rises 
more than the value of forest industry sales. According to the model results, the forest sector 
production in Europe will become more oriented towards satisfying local needs in the future. The use 
of recycled fibre in the industry increases. Also the growing stock of roundwood increases, so that the 
forests sequester more carbon in the future than today. With no technical improvements to the current 
best available technology, the energy consumption of the sector increases in line with production. In 
the base case, no additional measures were assumed to be taken in order to conserve forest 
biodiversity. Considering the fact that rising wood prices motivate further intensification of forest 
management, it is likely, that in 2025 the status of forest biodiversity in this scenario would be weaker 
than today. This, together with the fact that European Union has made a commitment to halt the loss of 
biodiversity by 2010, motivated us to concentrate on this issue in the policy example given in iii). 

Regarding (iii), we report the impact on the key sustainability indicators when it is assumed that the 
problem of degrading forest biodiversity is addressed in the EU/EFTA region by setting aside forest 
from commercial use for conservation. The conservation set-asides improve the biodiversity status in 
the EU, provided that the management of forest land remaining in timber production would not 
intensify to the levels which would offset the gains from conservation. Conservation increases timber 
prices and therefore it decreases timber demand from the base case. That has adverse impacts on 
employment and self-sufficiency indicators in the sector. Among the positive impacts is the reduction 
in the projected energy demand. Forest conservation set-asides of 5% or less have rather modest 
impacts on the sustainability indicators. The impacts are largest in Northern Europe and lowest in 
Western Europe. 
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ANALYSING FOREST SECTOR SUSTAINABILITY IN 
MATISSE: DESCRIPTION OF MODEL, BASELINE 
PROJECTIONS AND IMPACTS OF INCREASED 
BIODIVERSITY PROTECTION  

 

 

1 Introduction 
The MATISSE research consortium was designed to propose methods and tools for better integrating 
sustainability into policy development processes and institutions. The models and the scenarios 
developed within the project are to be used in the case studies (Jäger et al. 2008). Within MATISSE, 
the work reported in this paper is concerned with examining policies aimed at addressing 
(un)sustainability in the ‘forest sector’, which we take here to include forestry, the forest industries 
and the markets for forest industry products. In particular, this work seeks to explore the potential of 
using the global forest sector model, EFI-GTM (Solberg et al. 2003, Kallio et al. 2004) for 
sustainability analysis in the sector.  

The key economic, social and environmental indicators for sustainable development (SD indicators) 
were identified based on the discussions with the stakeholders arranged within the MATISSE 
consortium and by examining the indicators specified by the MCPFE (Ministerial Conference on the 
Protection of Forests in Europe). Naturally, the implementation of the eventual indicators in the EFI-
GTM model was subject to the restrictions posed by data availability and the initial focus of the 
model. The EFI-GTM is a model designed to look at developments in the economic variables 
describing the forest sector, for instance market prices, forest industry production, timber harvests, and 
trade in forest sector commodities, and to study the impacts of the various policies and changes in the 
operations environment on these variables.  

In order to assess the development of the key SD indicators in Europe in the future, we defined the set 
of base line assumptions. Then we projected the base line development of the indicators in 2000–2025 
employing the EFI-GTM model. The base line projection is of interest as such, but it also provides a 
benchmark for assessing the impacts of different policy measures on the indicators.  

In the base line, turnover, production and employment in the forest sector all increase. Nevertheless, 
increased global competition over fibre resources decreases the profitability of forest industries from 
the levels seen in the early 2000s. In relative terms the value of timber sales rises more than the 
turnover of the forest industry. In the future, the forest sector production in Europe is projected to be 
less export-oriented. The use of recycled fibre increases. Also the growing stock of roundwood 
increases so that the forests sequester more carbon in the future than today. With no technical 
improvements to the current best available technology (BAT), the energy consumption of the sector 
increases in line with production. We assumed no additional measures to be taken to conserve forest 
biodiversity in the base case. Considering that rising wood prices motivate the further intensification 
of forest management, it is likely, that forest biodiversity is degrading in this scenario.  

The constant decrease in biodiversity is one of the critical issues that Europe faces nowadays. In its 
Strategy for Sustainable Development (European Union 2001), the EU made a commitment to halt the 
loss of biodiversity and restore habitats and natural systems by 2010. A significant part of biodiversity 
value in Europe is found in forest ecosystems. Therefore, we chose this as a topic for our policy 
demonstration. We consider the impact on the selected SD indicators in the European forest sector 
from 2000 to 2025, when it is assumed that the problem of degrading forest biodiversity is addressed 
in the EU/EFTA region by setting aside forest from commercial use for conservation.  

The remainder of this report is organized as follows. In section 2, we describe the main assumptions 
behind the base line projection. These assumptions relate to the model, its parameters, and to the 
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developments in the operations environment of the sector. In Section 3, we present the sustainability 
indicators considered. The base line projections for these indicators in Europe are discussed in Section 
4. Our focus was on the EU/EFTA region, and the indicators were calculated for the region 
aggregating the EU countries, Norway and Switzerland. Nevertheless, we briefly discuss indicator 
development at a sub-European level. In Section 5, we demonstrate the policy analysis by examining 
the impacts of forest conservation set-asides on the sustainability indicators in Europe and in three 
European sub-regions. Section 6 provides a summary. 

 

2 Main assumptions 

2.1 Assumptions about the behaviour of market agent s in the EFI-GTM 

The EFI-GTM is a regional and multi-periodic partial equilibrium model of the global forest sector. 
The model is based on modern welfare economics, assuming that consumers maximize their utility 
and that producers maximize their profits. The markets are assumed to be competitive. Thereby, all the 
market players are assumed to act as price-takers. In solving the model for the market equilibria, we 
capitalize on the method of maximizing the sum of producers' and consumers' surplus minus 
transportation costs (Samuelson 1952). While the model is calculated for each period independently, it 
has dynamic features related to the development of timber supply, forest industry capacity and final 
product demand over time.  The model is documented in more detail by Kallio et al. (2004), but we 
summarize below some of the main assumptions in it and discuss the further developments and 
updating of the model as carried out in the context of the MATISSE project.  

The model version used in this study divides the globe into 55 regions. Each of the EU/EFTA 
countries, with the exception of some smaller regions like Malta and Luxemburg, constitutes one 
region. We model the markets for 35 forest sector commodities (25 forest industry products, six types 
of roundwood, chips and fuelwood, and four waste paper grades). In the analysis, we used the latest 
complete version of the model available, which has data based on the year 1999. When applicable, the 
data were revised. The model is currently being updated for the year 2005 under the project 
EFORWOOD, and since the sustainability indicators have now been implemented in the model, it is 
easy to revise the analysis.  

2.1.1 Product demand (Consumers) 

Demand for final forest industry products is assumed to be affected by price and available income in 
each country. Demand increases if prices decrease or if consumers’ incomes (represented by GDP) 
increase. The relationship between product prices, income and the demand is modelled through price 
and income elasticities. The values for the elasticities were chosen considering previous studies for the 
different products and countries (for instance, Baek and Yin 2005, Chas-Amil and Buongiorno 2000, 
Kangas and Baudin 2003, Li & Luo 2006, Li & McCarthy, 2004, Hetemäki 2005), case studies 
(Hänninen 2008), and expert estimates on market trends. The markets for the forest industry products 
are rather mature in developed countries, with income elasticities typically below one, and sometimes 
closer to zero, as is the case, for instance, with newsprint demand in the US. In the developing 
countries, forest industry demand is growing more closely with GDP. The price elasticities of demand 
were assumed to be between –0.7 and   – 0.1, depending on the product and the region. The demand 
functions were benchmarked to price-quantity observations in the base year, 1999. When both demand 
and price data were available, demand functions were updated to the latest available data. Examples 
for the data sources used include the European Federation of Corrugated Board Manufacturers (2007), 
the FAOSTAT data base (http://faostat.fao.org), CEPI (2007) and RISI (2007). 

GDP growth rates for Europe during 2007–2025 are based on the figures provided by MATISSE 
partner Centre d'Observation Economique (COE) of Chambre de Commerce et d'Industrie de Paris 
based on the Nemesis model projections. For other regions and for the years before 2007, the GDP 
estimates were based on the International Monetary Fund (2007) database and projections, so that the 
latest available figure (for 2008) was assumed to up to year 2010. Thereafter we assumed some 
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decline in GDP growth in the very rapidly growing economies. During 2010–2025, the assumed 
annual GDP growth rates in some main non-European economies were: 2% for North America, Japan 
and South Africa, 2.5% for Oceania, 3% for South America, 4% for Russia, India and Indonesia, and 
5% for China.  

Demand for recovered paper, pulp and wood fibre is derived endogenously based on the use of these 
factors in production processes. 

2.1.2 The forest industry  

In the EFI-GTM, the forest industry maximizes its profit as a price taker, and thus it is assumed to 
supply to market whenever the market prices are not below production costs.  

For each region, supply functions for production factors are defined, as well as a set of fixed-input 
technologies with specific capacities for producing intermediate and final forest industry products. For 
each European country and product, three or more alternative production technologies are specified. 
The production with each technology is limited by the available production capacity, but the industry 
may invest in new capacity whenever investments are profitable. Initial and potential (investments) 
production capacities and input coefficients for various industrial processes are given to the model as 
data. The data on technologies and initial capacities are for 1999. The main source for the technology 
data was Jaakko Pöyry Consulting. When available, data on production capacities after 1999 were 
updated based on sources such as RISI (2006), the Confederation of European Paper Industries (2007), 
CEPIPRINT (2007) and FAO. 

Assumptions about capacity dynamics in the forest industry 

Capacity investments in the EFI-GTM model could be allowed to take place entirely freely whenever 
new production capacities with best known new technologies would make profit in the markets. 
However, while the forest industry operates in the world with the investors typically already having a 
large amount of existing capacity, the profitability of which would be adversely affected by the new 
capacity, we chose to put some, although rather loose, exogenous limits to capacity increases.  

During the current decade, the paper industry in Europe and North America has been plagued by 
overcapacity and significant capacity closures have been taking place in recent years. In Europe, this 
has mainly been the case regarding printing and writing papers, while in North America also regarding 
containerboard. The paper and paperboard capacity has been growing drastically in Asia, in particular 
in China, whereas the majority of the sulphate pulp capacity based on the use of plantation wood has 
been installed, or is currently under installation in South America. Due to the strength of the euro, 
overcapacity, and the fact that market demand is growing very slowly, it is unlikely that there will be 
much new paper capacity installed in Europe in the coming years. We limited the annual addition to 
pulp and paper capacity in Europe, so not to exceed 3% of the existing capacity. This constraint still 
allows at least one new machine or mill to be built annually depending on the product. For the 
mechanical forest industry, the respective limit was 5%. In Asia and Latin America we applied 10 % 
for all the industries. These limits were applied not to individual countries but to continents. In the 
case of no previously extant capacity for a particular product on a continent, only a global capacity 
constraint was applied. 

Regarding individual countries, we applied certain guidelines when specifying options for new 
investments. With the exception of some paper grades such as tissue, state-of-the-art paper machines 
tend to be rather large. For instance, the typical capacities of new newsprint, printing and writing 
papers, and corrugated paperboard machines are at least 300–400 000 tonnes/year. The new capacity is 
most likely to be built close to markets. When this is not the case, the investing region must at least 
have good access to raw material. Optimally both conditions would apply. With the exception of tissue 
and sack kraft paper, we required that the region can add new paper or paperboard machines only if 
one of the following conditions is satisfied: the region is a significant consumer of the paper grade 
considered (consumption more than 400 000 t/a), the country has significant forest resources (over 400 
mill. m3), or the country has a significant amount of chemical pulp capacity (over 1 million tonnes). 
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Household and sanitary papers have rather high transportation costs and a smaller scale in production 
and they are typically produced where they are consumed. In 1999, the average difference between 
tissue paper production capacity and consumption in the individual EFI-GTM regions was below 60 
000 tonnes. We therefore assumed that tissue paper investments are primarily made in the consuming 
regions to match the increases in consumption. Hence, we did not allow the production capacity of 
tissue paper in a region to increase by more than the projected consumption increase annually. 

Regarding chemical pulp, the standard capacity of modern mills is approaching or exceeding 1 million 
tonnes per year. For chemical pulp investments, we required that the investing region has to have an 
excess supply of wood fibre measured by the annual growth of forests - in addition to what is used by 
existing capacity – in order to be able to host a new one million tonnes pulp mill at least. 

Finally, investments in new capacity for solid wood products (sawn wood and plywood) were allowed 
only in those countries that have underutilized forest resources to host new mills. Underutilization was 
evaluated by looking at the difference in the annual growth of timber stock and the amount of 
roundwood used by the existing production capacity in the region in the previous period. Although 
physical proximity to the market cannot be neglected when investing in sawn wood production, the 
availability of raw material is a more essential factor in locating mills (see, e.g., Aguilar 2008). High 
transportation costs of roundwood are an important reason for this. 

2.1.3 Timber supply (Forest owners) 

Timber supply is assumed to be affected by the price and volume of growing timber stock. The higher 
the market price or the timber stock, the higher the timber supply is assumed to be. In the EFI-GTM, 
this relationship is modelled via the elasticity parameters of wood supply with respect to the growing 
stock and timber price. The timber supply functions are defined to four grades: non-coniferous and 
coniferous pulpwood and sawn logs. Growing stock changes from period to period are accounted for 
as the net of forest growth (growth rates given as data) and harvests. For the countries in the EU/EFTA 
region, the growing stock data were separated into coniferous and broadleaved forests. For the rest of 
the regions, all the four roundwood categories considered share one stock. For each region, the 
maximum annual harvest was limited to remain at a level less than twice forest growth, but this limit 
was not binding in the base case runs.  

Elasticity of wood supply with respect to the growing stock was assumed to be 0.7 in all countries. 
Hence, it was assumed that changes in the forest stock are not fully reflected in the roundwood market 
as a respective increase or decrease in wood supply. A main reason why we consider this assumption 
to be justified is that part of the growth always takes place in younger age classes, which are not ready 
to be harvested under optimal forest management strategies.  

Timber supply elasticities with respect to the wood price were based on econometric studies (e.g., 
Bolkesjø and Solberg 2003, Hänninen et al. 2006), simulations from forestry models (Eriksson, 2007), 
and expert estimates. For countries in Europe, the elasticity 0.5 was applied for all timber grades. For 
Russia and non-European countries unitary elasticity was applied. 

Data on the growing stock on forests available for wood supply and the growth rates of the stocks 
were based on the data base of the EFI and on the UN-ECE/FAO Forest Resources Assessment (UN-
ECE 2000).  

2.2 Policy assumptions 

The baseline scenario is assumed to depict a "business as usual" case, where no new policy measures 
are introduced. Hence, the development of the forest sector is solely dictated by the exogenously 
defined external drivers and the assumed characteristics and behaviour of the market agents modelled: 
forest owners, forest industry and consumers of forest products.  

Among the most important external drivers of the sector, in addition to what has been discussed above, 
is the development of the foreign exchange market. Currency exchange rates affect strongly the 
relative competitiveness of regions, but they are extremely difficult to forecast. Currently the euro is at 
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a historically strong level against the US dollar, and we had to make the choice whether to assume that 
the current situation will prevail in the future. We have assumed that the relative value of the euro will 
gradually return to its average level of the years 2000–2006, reaching the average in 2015 and keeping 
it to 2025. Hence during 2015–2025, one euro was assumed to be worth 1.1 US dollars, 1.5 Canadian 
dollars, 9.1 Swedish crowns, 0.66 UK pounds and 125 Japanese yens, to name but a few currencies 
important to the forest sector. 

Russia has been planning to increase tariffs on its roundwood exports gradually to 50 €/m3, which 
would, in practice, stop timber exports from Russia to other countries. We assumed the tariffs to be 
raised to 10 €/m3 (the tariff level in 2007), but that no further raises in the tariffs would occur. 

Real energy prices during the period 2006–2025 were assumed to be twice those of 1999. 

In the base case the forest area outside of wood production was assumed to stay at the current level. In 
the corresponding policy analysis, we assume that a certain percentage of the forest land (timber stock) 
is set aside from timber production for forest biodiversity protection. The percentages considered 
ranged from 3% to 10% of the forest land available for wood production and they were applied to all 
countries in the same proportion paying no attention to the existing amount of conservation areas. The 
set aside shocks were assumed to take place at the end of 2009. The growth rate of the forests on the 
land that was set aside was assumed to drop to half of the initial rate to reflect that on this land forest 
management practices aiming at increasing timber supply would cease.  

 

3 Indicators considered   
The selection of economic, social and environmental SD indicators important to the forest sector was 
based on discussions with stakeholders (Brussels, 2006) and on indicators suggested at the Ministerial 
Conference on the Protection of Forests in Europe, subject to the restrictions posed by the economic 
scope of the model.  

The following issues were highlighted by the stakeholders: 

·  Biodiversity protection 

·  Timber and fibre yield - sustainable provision of fibre for forest industries and bioenergy 
production 

·  Securing wildlife habitats, water catchments services and carbon sequestration capacity 

·  Income provision in rural areas - counterbalancing widening urban/income differential and 
increasing risks related to production volumes, product quality and price volatility 

·  Impacts of policy instruments - finding instruments that maximize social utility from 
sustainable use of forests. 

Being a model with economic focus, the EFI-GTM originally had rather limited links to environmental 
or social issues. Regarding environmental aspects, the issues such as energy use, paper recycling, 
forest area under protection and timber stocks sequestering carbon can currently be handled. 
Regarding social aspects, we are currently able to consider employment in the sector. When 
implementing the sustainability indicators in the model, these limitations were taken into account. 
Nevertheless, there is no technical constraint on including in the model issues such as air pollution or 
developments in the bioenergy markets. It is more a matter of data availability. The extensive data 
collection needed for the additional analyses was not possible within the MATISSE project.  

Indicators and their definitions are given in Table 1–3, grouping the indicators as "economic", "social" 
and "environmental". These groupings do, of course, overlap to some extent. 

a) Economic indicators (Table 1) include the value of timber sales, the turnover and the price-cost 
margin in the forest industries, and wages paid in the forest industry. It must be kept in mind that, in 
addition to these economic gains, the forest sector creates income in other sectors, but due to the 
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frontiers of our model, we are not evaluating these impacts. We also consider self-sufficiency of the 
EU/EFTA with respect to the use of wood, pulp, recovered paper, mechanical forest industry products, 
and paper. Also, the development of the trade deficit or surplus over time is calculated for the forest 
sector in EU/EFTA. It is expressed as the exports-imports ratio. 

b) To consider social sustainability (Table 2), the model calculates employment in the forest industry 
in terms of hours worked. Besides employment, other social aspects are not directly represented in the 
EFI-GTM model, which has its focus on the technical possibilities and economic performance of the 
forest sector. However, the volume of roundwood harvest and production in the mechanical forest 
industry could be seen as a surrogate indicator for rural development. Therefore we implemented an 
indicator representing the aggregate of the harvests and mechanical forest industry production. 

In addition to the concepts above, we developed an indicator that aims to reflect the equality or 
convergence of the value-added from the use of forest resources across European regions. First, we 
measured how individual regions benefit from the use of forest resources in terms of income generated 
by the forest industry relative to the harvests (turnover of the forest industry per roundwood harvests, 
€/m3). Then we looked at the variance of this measure in the EU/EFTA countries. There are some 
problems with this indicator, in particular due to the fact that part of paper production is based on the 
use of recycled fibre, which means that in some regions turnover is generated in the forest sector 
without any trees being cut.  

c) For environmental sustainability, we implemented measures of resource use and development. 
The EFI-GTM calculates utilization rates of waste paper (maximum collection rates are exogenously 
specified), use of wood relative to the growth of the growing stock in the forest area available for 
timber supply, and consumption of electricity and process heat in the forest industry. Related to the 
carbon stocks, the model keeps track of the volume of the total growing stock in forests in the regions. 

 
Abbreviation Indicator name Definition Unit 

TimberSales Value of timber 
sales 

Roundwood harvests x price at the mill 
gate (sub bark). Includes the costs of 
harvests and transports to the mill. 

billion (109) € 

FITurnover Value of forest 
industry production 

Turnover (price x quantity) of the forest 
industry billion (109) € 

PPTurnover Value of pulp and 
paper production 

Turnover (price x quantity) of the pulp and 
paper  industry billion (109) € 

MechTurnover 
Value of 
mechanical forest 
industry1 production 

Turnover (price x quantity) of the 
mechanical forest industry billion (109) € 

FIProfMarg 
Variable profit 
margin in the whole 
forest industry 

[Turnover – variable costs (costs of fibre 
and other materials, labour, energy and 
machinery maintenance] / Turnover 

% 

FIWages Wages paid in the 
forest industry 

Production quantities (tonnes or m3)   x 
labour demand (h/tonne or h/m3) x labour 
costs (€/h) 

billion (109) € 

PapSelfSuff 
Self-sufficiency in 
paper and 
paperboard 

Production (tonnes) /Consumption (tonnes) 
above 1 = 
more than 
self-sufficient 

PulpSelfSuff Self-sufficiency in 
chemical pulp Production (tonnes) /Consumption (tonnes) 

above 1 = 
more than 
self-sufficient 

MechForSelfSuff 
Self-sufficiency in 
mechanical forest 
products 

Production (m3) /Consumption (m3) 
above 1 = 
more than 
self-sufficient 

                                                 
1 Mechanical forest industry=  Sawnwood, plywood and panels 
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Abbreviation Indicator name Definition Unit 

WoodSelfSuff Self-sufficiency in 
wood 

Harvests (m3) /Industrial consumption 
(m3) 

above 1 = 
more than 
self-sufficient 

RcpSelfSuff Self-sufficiency in 
recovered paper Collection (tonnes) /Consumption (tonnes) 

above 1 = 
more than 
self-sufficient 

TradeBala 

Value of forest 
sector exports / 
Value of forest 
sector imports 

Considers trade in recycled paper, wood, 
pulp and paper, and mechanical forest 
industry products. 

above 1 = 
surplus in 
value of trade 

Table 1. Indicators for economic sustainability 

 

Abbreviation Indicator name Definition Unit 

FIWorkHours Labor demand in the 
forest industry  

Production quantity (tonne or 
m3)  x labor demand (h/tonne or 
h/m3)  

mill. hours 

RuralOutput 
Production of timber and 
mechanical forest industry 
products 

Roundwood harvests (m3) + 
production volume in the 
mechanical forest industry (m3) 

mill. m3 

InduEqual 
Equality in the income 
generated by the use of 
forest resources 

 Variance across the countries in 
turnover of the forest 
industry/harvests. 

 

Table 2. Indicators for social sustainability  

 
Abbreviation Indicator name Definition Unit 

NetEner Net energy use in 
the forest industry 

Use of net electricity and fuels 
bought outside of the mills a.  TWh 

RcpUtilRate Utilization rate of 
recovered paper 

Percentage of recovered paper 
utilisation compared to the total 
paper production. 

%.  Note: not 
possible to reach 
100%. 

AllGrowStock Growing stock of all 
forests 

Growing stock of forests in and 
outside of timber production 

billion (109) m3 
(over bark) 

FellOfGrowth 

Harvests relative to 
the growth of the 
growing stock in 
roundwood 
production 

Harvests of roundwood 
(m3)/Growing stock of roundwood 
(m3) usable for roundwood 
production 

% 

RAreaNonTimbUse 
Share of forest area 
outside timber 
production 

Area outside timber production due 
to conservation or economic 
reasons. 
 
Note: this is exogenous in the EFI-
GTM 

% 

Table 3. Indicators for environmental sustainability  
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4 The SD indicators in the base line 

4.1 Projections at an EU/EFTA level  

The SD indicators were projected by the EFI-GTM using the assumptions and scenario definitions 
discussed in Section 2. In the following, we discuss the development of the SD indicators in 2000–
2025. In particular, we compare the values in 2025 to the values in 2000 and to the mean of the years 
2000–2005. While no available data source provides comparable indicator values for EU/EFTA for the 
selected SD indicators, the EFI-GTM projections are used for historic values as well, although they are 
likely to deviate from the actual figures depending on how well the model assumptions reflect what 
happens or has happened in markets. This provides for better consistency in the comparisons. Table 4 
displays the development of the indicators. 

4.1.1 Economic indicators 

The turnover in the forest industry (FITurnover ) is almost 16% higher in 2025 than in year 2000 
(24% higher than in the period 2000–2005). The sales of mechanical forest industry products 
(MechTurnover) increase about 17% (22%), but also the sales of pulp and paper industry 
(PaperTurnover) end up increasing by 16% (25%) after the initial decline. The profitability of the 
industry weakens, as is indicated by the 27% drop in the variable profit margin of the industry 
(FIProfMarg)  from 2000 to 2025. The decline could be stronger if the euro currency were to remain 
at its current high level to 2025.   

In the future, the local markets become more important to the forest industry in EU, and the share of 
the forest industry turnover coming from the sales outside of the EU/EFTA decreases. Related to that, 
self-sufficiency of the EU/EFTA in the forest industry products declines toward 2025, as can be seen 
from the indicators PapSelfSuff and MechForSelfSuff. Also, while the EU is currently exporting 
waste paper, it starts to use almost all of this raw material itself (RcpSelfSuff). Because this means 
declining transports of recycled fibre from Europe to, for instance, Asia, it can be seen as a positive 
development from the environmental point of view. The utilization rate of recovered paper in paper 
and paperboard production (RcpUtilRate) increases to about 60%.  The increased use of waste paper 
as a raw material alleviates the EU's dependency on imported chemical pulp, and the self-sufficiency 
in chemical pulp (PulpSelfSuff) improves.  The trade surplus of the sector (TradeBala) declines, in 
particular, due to a declining share of forest industry production going to export and decline in the 
export of recycled fibre for pulp making.  

 

 
 

2000 

 
2000-2005 

(mean) 

 
2025 

Change (%) 
2025 vs. mean 

2000-2005 

Change (%) 
2025 vs. 2000 

TimberSales 17.5 16.3 26.7 63 53 
MechTurnover 31.0 29.8 36.4 22 17 
PaperTurnover 77.2 71.6 89.7 25 16 
FITurnover 108.2 101.4 126.0 24 16 
FIProfMarg 0.26 0.24 0.19 -22 -27 
PapSelfSuff 1.09 1.08 0.99 -9 -9 
PulpSelfSuff 0.84 0.86 1.03 20 22 
MechForSelfSuff 1.01 1.01 0.9 -11 -11 
WoodSelfSuff 0.92 0.9 0.95 6 3 
RcpSelfSuff 1.5 1.49 1.04 -30 -31 
TradeBala 1.18 1.21 0.76 -38 -36 
FIWages 13.0 12.4 12.1 -2 -7 
FIWorkHours 608 591 615 4 1 
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2000 

 
2000-2005 

(mean) 

 
2025 

Change (%) 
2025 vs. mean 

2000-2005 

Change (%) 
2025 vs. 2000 

RuralOutput 452 459 589 28 30 
NetEner 343 347 418 21 22 
InduEqual 0.17 0.15 0.13 -9 -21 
RcpUtilRate 51 51 61 19 19 
AllGrowStock 16.7 17.2 21.8 27 31 
FellOfGrowth 66 65 66 3 1 
RAreaNonTimbUse 15 15 15 0  0  

Table 4. SD indicators in the base case as projected for 2000–2025 by the EFI-GTM model 

 

4.1.2 Social indicators 

From the social indicators, we are directly only able to look at employment in the forest sector. The 
forest sector employs (FIWorkHours)  only 1% more people in 2025 than in 2000.  The increase in 
employment is lower than the increase in the sales volume of the industry. That is partly due to the 
new investments using less labour-intensive production technologies, which is one source of 
productivity growth. Hours worked increase more in the mechanical forest industry than in the pulp 
and paper industry. The wages paid in the forest industry (FIWages) decrease despite the increase in 
employment as more new production capacity is established in the regions with lower labour costs. 
We assumed that any gains in labour productivity would be offset by the increase in wages, keeping 
the real labour costs constant during the period. Note, however, that we did not assume any change 
taking place in relative wages across the regions. It could be expected that the gap in wages between in 
Eastern and Western Europe narrows over time. Note also that we did not consider employment in 
forestry due to the fact that timber supply is represented in the model by functions that do not 
explicitly account for labour costs.   

The increase in harvests and the increase in employment in the mechanical forest industry are likely to 
be favourable for rural development. The value of the indicator RuralOutput  aggregating output in 
the forestry (harvests) and the mechanical industry (production), increases by about 1% per year, 
which is likely to be below the rate of productivity increase in timber harvesting. If we neglect the 
differences regarding this development at the sub-European level discussed later on, this could be seen 
as a healthy development considering prevailing demographic trends; e.g., population aging and the 
decline in population in Eastern Europe. Timber cutting with state-of-the-art technologies requires 
highly skilled labour, because the work is typically done alone in the forests using expensive high-tech 
machinery. Urbanized, young people are not particularly interested in this kind of work, and already 
now some difficulties are being faced in finding workers in the sector. Several studies consider that 
this situation will be aggravated in the future (e.g., Ministry of Agriculture and Forestry 2008). The 
European Confederation of Paper Industries (2007) identifies the potential lack of skilled workforce as 
one of the threats faced by the sector in the future.  

Finally, with production capacity growing more in the new EU-member countries than in the old ones, 
the variance of the value added to the timber harvested across EU/EFTA (indicator InduEqual) 
declines, suggesting some economic harmonization in the forest sector taking place in Europe. 

4.1.3 Environmental indicators 

When production increases in the forest industry, the use of electricity and fuels also increases 
(NetEner) by some 22%, when we compare the year 2025 to the early 2000s. Considering this, it has 
to be borne in mind, however, that we assumed no technical improvements to take place in the existing 



MATISSE Working Paper 28 

 

16 

 

mills or in the current best available technologies (BAT), which was the basis for new investments in 
the industry. 

In 2025 European countries use on average 66% of the growth of commercially managed forests 
(FellOfGrowth) , which is the same as in 2000. The EU is still a net importer of wood, but there is a 
small improvement in the indicator measuring the EU's dependency on imported wood 
(WoodSelfSuff). Because the harvests remain below the forest growth, the growing stock of forests in 
Europe (AllGrowStock)  continues to increase. In 2025, the growing stock available for commercial 
timber production is 30% higher than at the beginning of the century. This means that considerably 
more carbon is tied into forests. About 15% of the forest area in Europe is in non-timber use (TBFRA 
2000), as we did not assume any change in this exogenous variable (RAreaNonTimbUse). 

4.2 Projections at a sub-European level  

Table 5 displays selected indicators disaggregated into Northern, Western and Eastern Europe. 
Northern Europe includes Finland, Norway and Sweden. Eastern Europe includes new EU-member 
countries (Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Slovakia, Slovenia, 
Romania), and Western Europe includes the rest of the countries in EU/EFTA.  

 

 Northern 
Europe 

Western 
Europe 

Eastern 
Europe 

Northern 
Europe 

Western 
Europe 

Eastern 
Europe 

Northern 
Europe 

Western 
Europe 

Eastern 
Europe 

 2000 2000 2000 2025 2025 2025 change % change % change % 

TimberSales 6.4 8.0 3.1 9.3 11.4 5.9 45 44 92 

MechTurnover 7.6 18.1 5.4 8.3 19.9 8.2 9 10 51 

PaperTurnover 27.3 45.2 4.7 25.4 52.3 12.0 -7 16 156 

FITurnover 34.9 63.2 10.1 33.7 72.2 20.2 -3 14 99 

FIProfMarg 0.29 0.23 0.3 0.17 0.18 0.26 -41 -22 -13 

PapSelfSuff 5.99 0.8 1.12 5.25 0.79 0.81 -12 -1 -28 

PulpSelfSuff 1.48 0.41 0.69 1.64 0.57 1.18 11 39 71 

MechForSelfSuff 2.34 0.76 1.53 2.29 0.64 1.39 -2 -16 -9 

WoodSelfSuff 0.9 0.83 1.28 0.99 0.86 1.07 10 4 -16 

RcpSelfSuff 0.94 1.46 2.77 0.75 1.05 1.16 -20 -28 -58 

TradeBala 19.63 0.38 3.54 10.03 0.26 1.78 -49 -32 -50 

FIWages 4.2 8.2 .6 3.9 7.5 .8 -7 -9 28 

FIWorkHours 135 347 127 129 317 169 -4 -9 34 

RuralOutput 153 211 88 192 258 139 26 22 58 

NetEner 92 224 28 99 260 59 8 16 110 

RcpUtilRate 15 67 52 19 77 54 27 15 4 

AllGrowStock 5.0 7.1 4.6 6.2 10.0 5.7 25 41 22 

FellOfGrowth 77 61 60 76 55 76 -1 -9 27 

Table 5. SD indicators in Northern, Western and Eastern Europe in 2000 and 2025, and the 
relative change of the indicator values in 2025 compared to 2000 

 

As shown by the indicators, such as MechTurnover and PaperTurnover, the biggest economic gains 
in forest industry development are in Eastern Europe, with the main stream of the new investments in 
the industry going there, driven by lower production costs. This also leads to the highest relative 
increase in the value of wood harvests (TimberSales), with both prices and harvest levels increasing. 
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The indicator RuralOutput,  measuring harvests and mechanical forest industry production, increases 
by almost 60% from 2000 to 2025. 

In the paper industry, the Nordic countries are the biggest losers. The turnover of the pulp and paper 
industry (PaperTurnover) declines by 7%, when we compare the year 2025 to 2000. The turnover in 
the mechanical forest industry (MechTurnover) increases in Northern Europe but by less than the 
average for the EU/EFTA region. Nevertheless, development in total forest industry sales 
(FITurnover)  is negative. The profit margin in the forest industry (FIProfMarg ) decreases in the 
Nordic countries by more than the average for the EU/EFTA.  

Demand for labour in the forest industry (FIWorkHours)  declines in Northern and Western Europe, 
but the sector is creating new employment in Eastern Europe. The indicators FIWages, 
FIWorkHours and RuralOutput  in Eastern Europe all develop very favourably. 

The utilization rate of recycled fibre (RcpUtilRate) is highest in Western Europe and increases further 
toward 2025. Northern Europe also increases its use of recycled fibre but remains an important 
supplier of virgin fibre due to the availability of primary resources in the region.  

Growing stock of timber (AllGrowStock) increases in all the regions. In Eastern Europe, the share of 
forests growth that is harvested (FellOfGrowth)  increases. In Western Europe, the growing stock 
increases most, with lowest rate of industrial utilization of the forest growth (FellOfGrowth) . 

Western Europe remains a net importer of pulp, paper, mechanical forest industry products and wood. 
Nevertheless, the self-sufficiency of Western Europe in chemical pulp improves, so that more than 
half of consumption is derived from own production in 2025. Eastern Europe increases its self-
sufficiency in chemical pulp and becomes a net exporter of pulp. It also remains a net exporter of 
wood and mechanical forest industry products in 2025. Western Europe remains a net importer of 
wood, with the indicator WoodSelfSuff below one. It is notable that the forest growth would allow 
harvests in Western Europe to grow. It is more an issue of getting more wood to the market at a price 
that the forest industry is able to pay. 

Energy consumption in the forest sector (NetEner) increases without further investments in energy 
saving technologies. In Northern Europe the increase is lowest due to the less favourable overall 
development in the sector than elsewhere in Europe. In Eastern Europe, the energy demand more than 
doubles. 
 

5 SD indicators under biodiversity conservation pol icies 
A significant part of biodiversity value in Europe is found in forest ecosystems. However, in many 
countries, the management of forest stands has substantially changed local forest properties, mostly in 
terms of tree species composition and the amount of coarse woody debris. During the last century, the 
large tracts of primeval forests have been replaced by highly productive managed forests.  

In order to stop the biodiversity loss, there is a need to expand existing networks of protected forest 
areas and to create new networks. Some European countries have already set action plans to take steps 
in this direction in the coming years; e.g., Sweden and Finland (Ministry of Environment 2008). This 
was also a basis for our choice of the policy to be assessed. We assumed that governments will rent or 
buy forest land to be set aside from timber production for conservation. According to FAO (2000), 
about 15% of the forested land in EU/EFTA is unavailable for timber production. The share of land 
that is unavailable for timber production due to conservation is about 9% (FAO 2000). In this report, 
we considered setting aside percentages ranging from 3% to 10% of forest land for conservation. This 
would increase the forest area unavailable for timber production to 18–24% and the share of protected 
forest area to about 11–17%, respectively, of the forest land in the EU/EFTA. The costs of such a 
policy would depend on the land value. Valued simply based on the price of timber standing on the 
areas conserved, the direct costs of these policies would range from 32 (34) to 99 (106) billion (109) 
euros. We lacked information on the wood grade distribution of the growing stocks for most of the 
countries, and these values are simply based on the assumption of stocks consisting 50% of pulpwood 
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and 50% of sawlogs. The values in parentheses present the maximal cost estimate, which has been 
obtained by valuing the whole stock using saw-log prices. Admittedly, these cost measures are very 
crude, as they do not account for the expected future income provided by the land or non-wood 
benefits of the forests. On the other hand, the value of bare forest land is in some cases very low; e.g., 
in Finland. 

The impacts of potentially increased forest conservation in Europe have been addressed earlier by 
Kallio et al. (2006). Their study focuses on the markets impacts of forest biodiversity conservation, 
and so it does not address sustainability. The present analysis also extends the previous one by 
considering biodiversity conservation and its impacts in the larger EU area, not just in its Western 
member countries. In the further analyses by MATISSE partner National Technical University of 
Athens, the results will be cast in a broader societal scope. This will be done by using a Tool for 
Integrated Policy Assessment (see e.g., Kouvaritakis 2000 and 2002), which will also consider the 
uncertainty. 

5.1 Projections at the EU/EFTA level   

We now look at the development of the SD indicators in the conservation scenarios compared to the 
base year 2000 and the base case in 2025. Again, results are derived from the EFI-GTM to maintain 
consistency. Table 6 displays the values of the indicators in the years 2000 and 2025 in the base case 
and in the cases of five alternative set-aside percentages. Table 7 gives the relative changes with the 
conservation set-asides to the base case in 2025. 

The first general observation of the indicator development in Table 6 is that if 5% or even 7% of the 
growing stock of forest currently available for wood supply is set aside for biodiversity conservation, 
the resulting impacts on all economic, social and environmental (other than biodiversity) indicators are 
very small at the EU/EFTA level.  
 

 
ALL BASE PROT3 PROT5 PROT7 PROT10 
2000 2025 2025 2025 2025 2025 

TimberSales 17.5 26.7 26.5 26.5 26.3 26.0 
MechTurnover 31.0 36.4 36.0 35.9 35.7 35.3 
PaperTurnover 77.2 89.7 89.6 89.6 89.5 89.3 
FITurnover 108.2 126.0 125.6 125.5 125.1 124.6 
FIProfMarg 0.26 0.19 0.19 0.19 0.18 0.18 
PapSelfSuff 1.09 0.99 0.99 0.99 0.99 0.99 
PulpSelfSuff 0.84 1.03 1.01 1.01 1.01 1.01 
MechForSelfSuff 1.01 0.9 0.89 0.89 0.88 0.87 
WoodSelfSuff 0.92 0.95 0.94 0.94 0.93 0.92 
RcpSelfSuff 1.5 1.04 1.04 1.04 1.04 1.04 
TradeBala 1.18 0.76 0.73 0.72 0.7 0.67 
FIWages 13.0 12.1 12.1 12.1 12.0 11.9 
FIWorkHours 608 615 612 610 606 601 
RuralOutput 452 589 578 573 565 555 
NetEner 343 418 418 417 416 413 
InduEqual 0.17 0.13 0.14 0.15 0.16 0.17 
RcpUtilRate 51 61 61 61 61 61 
AllGrowStock 16.7 21.8 21.8 21.7 21.6 21.4 
FellOfGrowth 66 66 67 68 69 70 
RAreaNonTimbUse 15 15 18 19 21 24 
Cost of set aside 
timber, low estimate  
(billions €) 

 32 52 71 99 

Cost of set aside, high 
estimate (billions €) 

 34 56 77 106 

Table 6. Values of SD indicators in 2025 in the base case and in the cases where 3%, 5%,7%, 
or 10% of the forest area available for timber supply is set aside for forest conservation in 
2009 (PROT3–PROT10) 
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Set-aside-%  3 5 7 10 
TimberSales -1 % -1 % -2 % -3 % 
MechTurnover -1 % -1 % -2 % -3 % 
PaperTurnover 0 % 0 % 0 % 0 % 
FITurnover 0 % 0 % -1 % -1 % 
FIProfMarg 0 % 0 % -5 % -5 % 
PapSelfSuff 0 % 0 % 0 % 0 % 
PulpSelfSuff -2 % -2 % -2 % -2 % 
MechForSelfSuff -1 % -1 % -2 % -3 % 
WoodSelfSuff -1 % -1 % -2 % -3 % 
RcpSelfSuff 0 % 0 % 0 % 0 % 
TradeBala -4 % -5 % -8 % -12 % 
FIWages  0 % -1 % -1 % -2 % 
FIWorkHours -1 % -1 % -2 % -2 % 
RuralOutput -2 % -3 % -4 % -6 % 
NetEner  0 % 0 % -1 % -1 % 
InduEqual 8 % 15 % 23 % 31 % 
RcpUtilRate 0 % 0 % 0 % 0 % 
AllGrowStock 0 % -1 % -1 % -2 % 
FellOfGrowth 2 % 3 % 4 % 6 % 

Table 7. Relative changes in the SD indicators to the base case in 2025 in cases where 3%, 
5%, 7%, or 10% of the forest land (stock) available for wood production is set aside for forest 
conservation in 2009 

 

5.1.1 Socio-economic indicators 

In the 5% conservation case, the aggregated value of timber (TimberSales), mechanical forest sector 
products (MechTurnover), and pulp and paper (PaperTurnover) declines by circa 700 million euros 
in 2025 with respect to the base case. However, it is 26 billion (109) euros above the level in 2000. 
Hence, the sector is growing despite the conservation, but given the additional forest conservation, the 
growth is modestly lower than in the base case.  

The forest conservation set-asides tighten the wood supply and therefore timber prices are inclined to 
increase. This increases the production costs of the forest industry, which may cause some capacity 
investments to be cancelled or some existing production capacity to be shut-down. Hence, the timber 
demand may decrease. Because of the increase in timber prices, the timber sales value (TimberSales) 
decreases only by 1% with 5% conservation set-aside. However, in all the cases, the timber sales are 
considerably higher in 2025 than in 2000.  

The turnover in the mechanical forest industry (MechTurnover) is reduced by the same order of 
magnitude as timber sales. The decrease in mechanical forest industry production marginally reduces 
the self-sufficiency of mechanical forest products in EU/EFTA (MechForSelfSuff). The production 
and turnover of the paper industry are affected less. There are several reasons for this. First, the 
industry is very capital intensive. Wood cost is a less important cost factor in paper production than in 
the mechanical forest industry. Second, 61% of the raw material used in the paper industry is projected 
to be recycled fibre (RcpUtilRate) in 2025, and not all the rest is virgin wood fibre, since in many 
products fillers and coating pigments constitute an important share of the total product mass. Third, 
pulp is less costly to import than wood.  Overall at the EU/EFTA level, there is no change in the paper 
and paperboard production in the 5% conservation case, but domestic pulp is substituted by imported 
pulp, as can be seen from the self-sufficiency indicator for pulp (PulpSelfSuff ), which declines 
slightly. The share of recycled paper and virgin pulp in the total fibre content remains unchanged.   

In the forest industry, the profit-margin (variable profit/market price) starts declining when the 
percentage set-aside is higher than 5% of the stock. At the lower levels, the increase in factor prices is 
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shifted to output prices. Nevertheless, a word of caution regarding the variable profit margin indicator 
(FIProfMarg ) should be expressed here. The model assumes perfect competition. This implies that 
firms are assumed to be driven to produce more, if they make any positive profit, no matter how small. 
Having many competing firms in the market, the industry should actually end up making no profit 
(FIProfMarg  = 0). The industry is protected from such zero variable profit outcomes only by the fact 
that there are capacity costs for new entering capacity and incumbent firms are capacity-constrained.  

The turnover in the total forest industry (FITurnover)  remains unchanged in the 5% conservation 
case. Although output is cut by about 2% in the mechanical forest industry, the increase in prices and 
the gains related to some other forest industry products compensate for that. The ratio between the 
values of exports and imports in the forest sector (TradeBala) decreases from 76% to 72% in the 5% 
set-aside case. Hence, the trade deficit of the sector increases with forest conservation, with the decline 
of self-sufficiency in mechanical forest industry products, pulp, and wood. 

The forestry and mechanical forest industry are important in providing work opportunities, and with 
the 3% decrease in the combined output of these two (RuralOutput ), employment in rural areas may 
decline. Nevertheless, when considering the demographic trends taking place in Europe (with a 
decrease in population in Eastern Europe due to migration, overall aging of the population, and 
urbanization, the decrease in labour demand in rather skill-intensive timber harvesting can even be 
perceived to contribute to more sustainable development. The impacts that forest conservation policies 
have on rural development and socio-economic development of local population depend also on the 
question of what constraints are imposed on the use of protected forest land. Montiel et al. (2007) 
suggest that ‘not very strictly’ protected forest areas have substantial economic value in Europe.  

5.1.2 Environmental indicators 

Investments in conservation networks improve the status of biodiversity, but it is not possible to give a 
quantitative indicator that would measure this improvement. The overall impacts depend on many 
issues. First of all, what is gained in biodiversity depends on how the new conservation networks 
supplement the existing ones. The important location aspects relate to how representative the existing 
networks are, how the networks secure the dispersal of the red-listed species between suitable habitats, 
and how conservation networks help safeguard biodiversity as climate changes. These issues require 
additional and extensive research efforts by ecologists at the EU-level using our economic-oriented 
model. Thereby, the chosen indicator for the biodiversity protection is the share of forest areas outside 
timber production. That is increased from 15% to 19% in the five percent set-aside case, and to 24% in 
the 10% set-aside case. 

The increase in forest conservation areas has relatively small impacts on some other environmental 
factors. There is a moderate cut in the use of energy, meaning less fossil fuel emissions from the 
industry, and that would also be the case with timber cutting. Nevertheless, the growing stock 
(indicator AllGrowStock) also decreases, by about 176 million cubic meters or 1% with the 5% set 
aside, diminishing the capacity of forests to sequester carbon. This is due to two reasons. First, the 
harvest intensity in the forest remaining in wood supply (FellOfGrowth ) goes up slightly. Second, we 
assumed that when the new conservation areas are left out of active forest management, the forest 
growth in these areas declines. In principle, the carbon sequestration due to product substitution (e.g., 
use of wood instead of concrete) may diminish globally due to increased prices of forest products. In 
the 5% conservation case, the aggregate consumption of mechanical forest products, paper and 
paperboard was unchanged in EU/EFTA, because the growth in imports substituted any cuts in 
domestic supply. We are tempted to say that the overall trade-off between forest conservation and 
carbon sequestration is minor, admitting still that the issue would benefit from closer examination. In 
the long term, all trees eventually die, releasing the carbon they have sequestrated to the ground and to 
the atmosphere. As wood is a renewable resource, the greatest benefits regarding climate change 
mitigation occur when it is used first in the construction or other industry, and then recycled or used to 
generate energy (see e.g., Swiss Federal Office 2007). Therefore, the choice of setting aside forest for 
strict conservation conflicts with the climate change mitigation goal in the very long run. In the short 
run, synergies between biodiversity management and carbon sequestration in the conservation areas, 
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particularly in the managed forest, can be found (see e.g., Valsta et al. 2006) and should be actively 
pursued. 

5.2 Projections at a sub-European level 

Looking at the issue in EU/EFTA accommodating different economies with different stages of 
development in the forest sector hides the fact that there are important regional differences that may 
even out the results at the aggregate level. In the following, we briefly present the results for Northern, 
Western and Eastern Europe. These regions were defined in Section 4.2. Table 8 gives the differences 
with respect to the base case in 2025 when 5% of the growing stock is set-aside for forest biodiversity 
protection. 

 
  Northern 

Europe 
Western 
Europe 

Eastern 
Europe 

TimberSales 1 % -1 % -3 % 
MechTurnover -5 % 0 % -1 % 
PaperTurnover 0 % 0 % -1 % 
FITurnover -1 % 0 % -1 % 
FIProfMarg -6 % 0 % 0 % 
PapSelfSuff 0 % 0 % 1 % 
PulpSelfSuff 0 % 0 % -8 % 
MechForSelfSuff -5 % 0 % -1 % 
WoodSelfSuff 0 % -2 % -2 % 
RcpSelfSuff 0 % 0 % -2 % 
TradeBala -10 % -4 % -1 % 
FIWages  -2 % 0 % -1 % 
FIWorkHours -2 % 0 % -2 % 
RuralOutput -3 % -2 % -3 % 
NetEner  -2 % 0 % 1 % 
RcpUtilRate 0 % 0 % 0 % 
AllGrowStock -1 % -1 % 0 % 
FellOfGrowth 4 % 3 % 1 % 

Table 8. Changes in the SD indicator values in 2025 to the base case, with 5 percent of forest 
land available of wood supply set-aside to conservation 

 

The mechanical forest industry is most hard hit by forest conservation in Northern Europe due to the 
high increase in timber prices. Both the output and the turnover (indicator MechTurnover) in the 
mechanical forest industry decrease by 5% with 5% conservation set-aside. This also shows up as a 
decline in exports of the mechanical forest industry products from the region (MechForSelfSuff). In 
Western Europe, the change in both turnover and output in this industry is non-negligible. In Eastern 
Europe, where the mechanical forest industry grows strongly in the base case, conservation leads to a 
minor cut in new capacity investments, showing up as a 1% decrease in the turnover and a slightly 
higher decrease in the output. 

Perhaps the most important indicators in the forest sector for the local or national economic 
development are timber sales income (TimberSales) and forest industry wages (FIWages). The forest 
industries (the pulp and paper industry in particular) are very capital intensive, which means that a lot 
of the benefits from increased activities accrue to the owners and providers of capital based outside the 
local or national economies. Instead, the wages and timber sales income are more likely to benefit the 
local economies. Forest industry wages decline modestly in Northern and Eastern Europe. In Northern 
Europe, timber sales income increases despite decrease in the timber cutting, while in Western Europe 
it decreases slightly.  In Eastern Europe, the value of timber sales decreases by 3% in 2025 given 5% 
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conservation set-aside. The timber sales indicator measures the value of the timber trade, and it hides 
the changes in harvest levels. The changes were –3% in Northern and Western Europe and –4% in 
Eastern Europe. 

 

6 Summary 
In this paper, we presented a selection of sustainability indicators for the forest sector and projected 
their development in the future in the business as usual case (base line) and in the cases where the EU 
is assumed to improve the forest biodiversity by forest conservation programmes of alternative 
magnitudes. 

In the base case, the model projections showed generally positive developments for the economic and 
social indicators at the EU/EFTA level, the forest industries profitability being an exception. However, 
there were clear differences at the sub-European level. The economic development was much more 
favourable in Eastern Europe than in Northern Europe, where there was a decline in the turnover of the 
paper industry and the profits of forest industries. 

Judging from the base case developments increase in the energy consumption of the EU forest 
industry and degradation of biodiversity seem to be among the important (un)sustainability issues in 
the sector. The energy use in the forest sector is likely to be lower in reality than was projected by the 
model, since we did not account for the trends toward developing and deploying energy saving 
technologies. We simply assumed the new investments in the forest industry to be based on the best 
available technologies of today. Still, given the projected development, coping with the Kyoto CO2 
emission targets poses a challenge to the sector, in particular in Eastern Europe. Increase in the use of 
bioenergy could be an option. Felling residues that are usually left in the forest are becoming an 
increasingly important source for energy production. Asikainen et al. (2008) estimated recently the 
forest energy potential in Europe, and concluded that the annually available forest fuel in EU27 
countries corresponds to about 411 TWh. However, it must be borne in mind that the forest-based 
bioenergy could benefit other sectors of the economy as well, so it cannot be considered as earmarked 
for the forest industry.  

The constant decrease in biodiversity is one of the critical issues that Europe faces nowadays. In 2001, 
the European Union made a commitment to halt the loss of biodiversity by 2010. A significant part of 
biodiversity value in Europe is found in forest ecosystems. Due to the importance of this issue, we 
chose to consider this topic in our policy analysis. The conservation set-asides improve the 
biodiversity status in the EU, provided that the management of the forest land remaining in timber 
production would not intensify to levels that would offset the gains from conservation. If timber prices 
increase only moderately due to new conservation areas, the latter threat is diminished. Also, there is 
always some ‘leakage’ in harvests due to conservation restrictions in a particular area. In our case, it 
could be Russia or even tropical countries that could face increasing demand for timber. In this report, 
we focused on the impacts of forest conservation on the local sustainability indicators.  

Forest biodiversity conservation causes some decline in timber cutting and mechanical forest industry 
production. As this leads to reduction in the work opportunities and income from forestry, socio-
economic aspects should be considered together with ecological ones when new conservation areas are 
established. Because forestry and the forest industries can be of particular importance for rural areas, it 
could be advisable to put more weight on conserving forest sites closer to urban areas whenever it is 
possible considering the ecological aspects. These sites would also provide recreation possibilities for 
urban citizens. In studies measuring citizens’ ‘willingness-to-pay’ for forest conservation (e.g. Horne 
et al. 2004), it has also been found that urban residents are more willing to pay for conservation.  

The EFI-GTM is a model originally built for economic analyses. In MATISSE, we upgraded the 
model with several meaningful environmental and socio-economic indicators. The solid theory-based 
economic scope of the model is its strength, and there are no limitations on the inclusion of a wider set 
of environmental and social indicators in the model in the future. Further extension can and will be 
done given the data availability on the issues of interest. For instance, the consumption of water or the 
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output of pollutants in the forest sector production processes could be given together with the other 
input-output data related to production processes. Having additionally the data on the investments 
costs required for improving production technologies, the model could be used to assess policies 
aiming at reducing environmental pollution. Furthermore, incorporating a more detailed description of 
energy use in the sector and including bioenergy production and markets into the model are among the 
important issues for further development.  
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