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Preface

About the MATISSE project

The MATISSE (Methods and Tools for Integrated Susiaility Assessment) project is funded by the
European Commission, DG Research, within thé&@mework Programme. The project is interested
in the role that Integrated Sustainability Asses#nfkSA) could play in the process of developingl an
implementing policies capable of addressing peasisproblems of unsustainable development and
supporting transitions to a more sustainable futnr&urope. The core activity of MATISSE is to
develop, test and demonstrate new and improvedanetind tools for conducting ISA.

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

The extent to which the case studies are carryutgaocomplete ISA for their area of focus varies
between attempts to cover all phases of an ISAga®d¢o partial implementation of the process.
Equally, different case studies are oriented taetigping and testing tools and approaches to soute, b
not all, of the methodological challenges of ISAkeTcase studies are complementary, however, and
the set of cases offers the opportunity to addaessde range of methodological challenges and to
explore linkages between cases. An evaluation aftimal experiences with ISA implementation in
the case studies will provide guidance on the &rrtmprovement of methods and tools. Results will
also contribute to more informed policy advice.

What is ISA?

Within the MATISSE project, Integrated SustaindpilAssessment (ISA) has been defined as a
cyclical, participatory process of scoping, envisng, experimenting, and learning through which a
shared interpretation of sustainability for a speaontext is developed and applied in an integgtat
manner, in order to explore solutions to persisoblems of unsustainable development. ISA is
conceptualised as a complement to other forms sfagability assessment, such as Sustainability
Impact Assessment, Integrated Assessment and Regulenpact Assessment. Whereas these other
forms of assessment fulfil the pragmatic needeforantescreening of incremental sectoral policies
that are developed within the prevailing policyineg, ISA is conceptualised as a support to longer-
term and more strategic policy processes, whereolfjective is to explore persistent problems of
unsustainable development that have a systemiolpgth and possible solutions to these. ISA is
therefore oriented toward supporting the develognwncross-sectoral policies that specifically
address sustainable development and at explorirgbliag policy regimes and institutional
arrangements.

MATISSE Working Papers

Matisse Working Papers are interim reports of mtogestivities that are published in order to ilhase
ongoing work and some provisional conclusions, e &s providing the opportunity for discussion of
the approaches taken by the project and interimltsesThis discussion should be both within the
project and between project members and the braadentific and policy communities. Readers are
encouraged to contact the authors to discuss thtermioof MATISSE Working Papers.

Jill Jager and Paul Weaver
Editors of the MATISSE Working Paper Series
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ABSTRACT

This report describes (i) a partial equilibrium rabdor the forest sector, the EFI-GTM (European
Forest Institute Global Trade Model) and the kegtamability indicators for the forest sector that
were implemented in the model in the MATISSE projeg the projected development of these
indicators during 2000—-2025 in the base case; i@hthé impact on the indicators when it is assdme
that the problem of degrading forest biodiversityaddressed in the EU/EFTA region by setting aside
forest from commercial use for conservation.

Regarding (i), we looked for the most importanttaumsbility indicators drawing on the MCPFE
(Ministerial Conference on the Protection of Fasebt Europe) indicators of sustainable forest
management and the discussions with the stakelsolesinged within the MATISSE project. The
indicators were implemented in the EFI-GTM modelomder to project their development and to
assess, which are the main unsustainability issu® sector in the future.

Regarding (ii), we first defined the base case withich the impacts of the policy measures
addressing unsustainability issues could be estunanh the base case, turnover, production and
employment in the forest sector (the last of palic importance to rural areas) all increase.
Nevertheless, increased global competition oveefibsources decreases the profitability of thedor
industries from the levels seen in the early 2009gelative terms, the value of timber sales rises
more than the value of forest industry sales. Adicgy to the model results, the forest sector
production in Europe will become more oriented ta¥gasatisfying local needs in the future. The use
of recycled fibre in the industry increases. Alse growing stock of roundwood increases, so tlet th
forests sequester more carbon in the future thaaytdNith no technical improvements to the current
best available technology, the energy consumptfahe sector increases in line with production. In
the base case, no additional measures were asstonée taken in order to conserve forest
biodiversity. Considering the fact that rising wopdces motivate further intensification of forest
management, it is likely, that in 2025 the statuBrest biodiversity in this scenario would be \kea
than today. This, together with the fact that EeapUnion has made a commitment to halt the loss of
biodiversity by 2010, motivated us to concentratdlos issue in the policy example given in iii).

Regarding (iii), we report the impact on the kegtainability indicators when it is assumed that the
problem of degrading forest biodiversity is addeess the EU/EFTA region by setting aside forest
from commercial use for conservation. The cons@natet-asides improve the biodiversity status in
the EU, provided that the management of forest leerdaining in timber production would not
intensify to the levels which would offset the gafinom conservation. Conservation increases timber
prices and therefore it decreases timber demamnd fre base case. That has adverse impacts on
employment and self-sufficiency indicators in tleetsr. Among the positive impacts is the reduction
in the projected energy demand. Forest conserva@trasides of 5% or less have rather modest
impacts on the sustainability indicators. The impaare 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 tpge® methods and tools for better integrating
sustainability into policy development processes amstitutions. The models and the scenarios
developed within the project are to be used inchee studies (Jager et al. 2008). Within MATISSE,
the work reported in this paper is concerned wittangining policies aimed at addressing
(un)sustainability in the ‘forest sector’, which wake here to include forestry, the forest indestri
and the markets for forest industry products. Irtipalar, this work seeks to explore the potentifal
using the global forest sector model, EFI-GTM (®otp et al. 2003, Kallio et al. 2004) for
sustainability analysis in the sector.

The key economic, social and environmental indisafor sustainable development (SD indicators)
were identified based on the discussions with ttakeholders arranged within the MATISSE
consortium and by examining the indicators spetibg the MCPFE (Ministerial Conference on the
Protection of Forests in Europe). Naturally, th@liementation of the eventual indicators in the EFI-
GTM model was subject to the restrictions poseddbta availability and the initial focus of the
model. The EFI-GTM is a model designed to look atelopments in the economic variables
describing the forest sector, for instance markieep, forest industry production, timber harveats]
trade in forest sector commodities, and to stu@dyitippacts of the various policies and changeseén th
operations environment on these variables.

In order to assess the development of the key 8[Rators in Europe in the future, we defined the se
of base line assumptions. Then we projected the lras development of the indicators in 2000-2025
employing the EFI-GTM model. The base line projattis of interest as such, but it also provides a
benchmark for assessing the impacts of differehitypmeasures on the indicators.

In the base line, turnover, production and emplaynie the forest sector all increase. Nevertheless,
increased global competition over fibre resourcesr@hses the profitability of forest industriesiro
the levels seen in the early 2000s. In relativensethe value of timber sales rises more than the
turnover of the forest industry. In the future, theest sector production in Europe is projectetheo
less export-oriented. The use of recycled fibrerdases. Also the growing stock of roundwood
increases so that the forests sequester more canbtime future than today. With no technical
improvements to the current best available teclgyol®AT), the energy consumption of the sector
increases in line with production. We assumed rditiathal measures to be taken to conserve forest
biodiversity in the base case. Considering thamgisvood prices motivate the further intensificatio
of forest management, it is likely, that forestdiiersity is degrading in this scenario.

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

The remainder of this report is organized as folloim section 2, we describe the main assumptions
behind the base line projection. These assumptielate to the model, its parameters, and to the
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developments in the operations environment of #wos. In Section 3, we present the sustainability
indicators considered. The base line projectionsifese indicators in Europe are discussed in @ecti
4. Our focus was on the EU/EFTA region, and theicetdrs were calculated for the region
aggregating the EU countries, Norway and Switzerlddevertheless, we briefly discuss indicator
development at a sub-European level. In Sectiomesgdemonstrate the policy analysis by examining
the impacts of forest conservation set-asides ensttstainability 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 pdrgguilibrium model of the global forest sector.
The model is based on modern welfare economicsindsg that consumers maximize their utility
and that producers maximize their profits. The ratwlare assumed to be competitive. Thereby, all the
market players are assumed to act as price-takesmlving the model for the market equilibria, we
capitalize on the method of maximizing the sum obdpcers' and consumers' surplus minus
transportation costs (Samuelson 1952). While thdehis calculated for each period independently, it
has dynamic features related to the developmentnifer supply, forest industry capacity and final
product demand over time. The model is documemedore detail by Kallio et al. (2004), but we
summarize below some of the main assumptions @nd discuss the further developments and
updating of the model as carried out in the contéxthe MATISSE project.

The model version used in this study divides thebglinto 55 regions. Each of the EU/EFTA
countries, with the exception of some smaller nagitike Malta and Luxemburg, constitutes one
region. We model the markets for 35 forest seavonroodities (25 forest industry products, six types
of roundwood, chips and fuelwood, and four wasteeparades). In the analysis, we used the latest
complete version of the model available, which thas: based on the year 1999. When applicable, the
data were revised. The model is currently beingatgd for the year 2005 under the project
EFORWOOD, and since the sustainability indicatagehnow 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 asstdittebe affected by price and available income in
each country. Demand increases if prices decreageconsumers’ incomes (represented by GDP)
increase. The relationship between product pricesme and the demand is modelled through price
and income elasticities. The values for the eldisscwere chosen considering previous studieshier
different products and countries (for instance, kBaed Yin 2005, Chas-Amil and Buongiorno 2000,
Kangas and Baudin 2003, Li & Luo 2006, Li & McCarti2004, Hetemaki 2005), case studies
(Hanninen 2008), and expert estimates on marketsteThe markets for the forest industry products
are rather mature in developed countries, withrime@lasticities typically below one, and sometimes
closer to zero, as is the case, for instance, wawsprint demand in the US. In the developing
countries, forest industry demand is growing mdosealy with GDP. The price elasticities of demand
were assumed to be between —0.7 and - 0.1, degema the product and the region. The demand
functions were benchmarked to price-quantity okeswas in the base year, 1999. When both demand
and price data were available, demand functiong wedated to the latest available data. Examples
for the data sources used include the Europearrétamte of Corrugated Board Manufacturers (2007),
the FAOSTAT data base (http://faostat.fao.org), O2P07) and RISI (2007).

GDP growth rates for Europe during 2007-2025 agetheon the figures provided by MATISSE

partner Centre d'Observation Economique (COE) adniire de Commerce et d'Industrie de Paris
based on the Nemesis model projections. For ottgioms and for the years before 2007, the GDP
estimates were based on the International Moné&tang (2007) database and projections, so that the
latest available figure (for 2008) was assumed fiota year 2010. Thereafter we assumed some
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decline in GDP growth in the very rapidly growingoaomies. During 2010-2025, the assumed
annual GDP growth rates in some main non-Europeananies were: 2% for North America, Japan
and South Africa, 2.5% for Oceania, 3% for Southeficrn, 4% for Russia, India and Indonesia, and
5% for China.

Demand for recovered paper, pulp and wood fibieisved 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 it®ft as a price taker, and thus it is assumed to
supply to market whenever the market prices ardeloiw production costs.

For each region, supply functions for productiootdas are defined, as well as a set of fixed-input
technologies with specific capacities for produdimgrmediate and final forest industry producis: F
each European country and product, three or meeenative production technologies are specified.
The production with each technology is limited hg @available production capacity, but the industry
may invest in new capacity whenever investmentspaoéitable. Initial and potential (investments)
production capacities and input coefficients forimas industrial processes are given to the moslel a
data. The data on technologies and initial capeciire for 1999. The main source for the technology
data was Jaakko Poyry Consulting. When availaldéa @on production capacities after 1999 were
updated based on sources such as RISI (2006) aedzration of European Paper Industries (2007),
CEPIPRINT (2007) and FAO.

Assumptions about capacity dynamics in the forekistry

Capacity investments in the EFI-GTM model couldaiewed to take place entirely freely whenever
new production capacities with best known new tetdgies would make profit in the markets.

However, while the forest industry operates inweld with the investors typically already having a
large amount of existing capacity, the profitabildf which would be adversely affected by the new
capacity, we chose to put some, although ratheseloexogenous limits to capacity increases.

During the current decade, the paper industry inof® and North America has been plagued by
overcapacity and significant capacity closures Haaen taking place in recent years. In Europe, this
has mainly been the case regarding printing antingrpapers, while in North America also regarding
containerboard. The paper and paperboard capaastypéen growing drastically in Asia, in particular
in China, whereas the majority of the sulphate mapacity based on the use of plantation wood has
been installed, or is currently under installationSouth America. Due to the strength of the euro,
overcapacity, and the fact that market demandawigig very slowly, it is unlikely that there willeb
much new paper capacity installed in Europe indtwing years. We limited the annual addition to
pulp and paper capacity in Europe, so not to ex8édf the existing capacity. This constraint still
allows at least one new machine or mill to be baithually depending on the product. For the
mechanical forest industry, the respective limisve86. In Asia and Latin America we applied 10 %
for all the industries. These limits were appliest to individual countries but to continents. Ireth
case of no previously extant capacity for a paldicproduct on a continent, only a global capacity
constraint was applied.

Regarding individual countries, we applied certgudelines when specifying options for new
investments. With the exception of some paper gradeh as tissue, state-of-the-art paper machines
tend to be rather large. For instance, the typiegdacities of new newsprint, printing and writing
papers, and corrugated paperboard machines aasat300—400 000 tonnes/year. The new capacity is
most likely to be built close to markets. When tisigiot the case, the investing region must at leas
have good access to raw material. Optimally botiditans would apply. With the exception of tissue
and sack kraft paper, we required that the regaomadd new paper or paperboard machines only if
one of the following conditions is satisfied: the regiis a significant consumer of the paper grade
considered (consumption more than 400 000 t/a)cdiatry has significant forest resources (over 400
mill. m®), or the country has a significant amount of cleipulp capacity (over 1 million tonnes).

9
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Household and sanitary papers have rather higspgoatation costs and a smaller scale in production
and they are typically produced where they are wmesl. In 1999, the average difference between
tissue paper production capacity and consumptiahenindividual EFI-GTM regions was below 60
000 tonnes. We therefore assumed that tissue pamstments are primarily made in the consuming
regions to match the increases in consumption. &lewe did not allow the production capacity of
tissue paper in a region to increase by more themptojected consumption increase annually.

Regarding chemical pulp, the standard capacityadem mills is approaching or exceeding 1 million
tonnes per year. For chemical pulp investmentsrageired that the investing region has to have an
excessupply of wood fibre measured by the annual grosftforests - in addition to what is used by
existing capacity — in order to be able to hose¢wa pne million tonnes pulp mill at least.

Finally, investments in new capacity for solid wqmodducts (sawn wood and plywood) were allowed
only in those countries that have underutilizeg$bresources to host new mills. Underutilizaticasw
evaluated by looking at the difference in the ahrgrawth of timber stock and the amount of
roundwood used by the existing production capaiditthe region in the previous period. Although
physical proximity to the market cannot be neglgatden investing in sawn wood production, the
availability of raw material is a more essentialtéa in locating mills (see, e.g., Aguilar 2008)gHi
transportation costs of roundwood are an importagon for this.

2.1.3 Timber supply (Forest owners)

Timber supply is assumed to be affected by theemiwd volume of growing timber stock. The higher
the market price or the timber stock, the higherttmber supply is assumed to be. In the EFI-GTM,
this relationship is modelled via the elasticitygraeters of wood supply with respect to the growing
stock and timber price. The timber supply functiaeme defined to four grades: non-coniferous and
coniferous pulpwood and sawn logs. Growing stockngies from period to period are accounted for
as the net of forest growth (growth rates givedata) and harvests. For the countries in the EUEFT
region, the growing stock data were separateddaigferous and broadleaved forests. For the rest of
the regions, all the four roundwood categories id@med share one stock. For each region, the
maximum annual harvest was limited to remain avellless than twice forest growth, but this limit
was not binding in the base case runs.

Elasticity of wood supply with respect to the growgistock was assumed to be 0.7 in all countries.
Hence, it was assumed that changes in the foimsk ate not fully reflected in the roundwood market
as a respective increase or decrease in wood supphain reason why we consider this assumption
to be justified is that part of the growth alwagkds place in younger age classes, which are adyre
to be harvested under optimal forest managemeategies.

Timber supply elasticities with respect to the wqoitte were based on econometric studies (e.g.,
Bolkesjg and Solberg 2003, Hanninen et al. 2008\ lations from forestry models (Eriksson, 2007),
and expert estimates. For countries in Europeeldiicity 0.5 was applied for all timber gradesr F
Russia and non-European countries unitary elastiais applied.

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

2.2 Policy assumptions

The baseline scenario is assumed to depict a "&ssias usual' case, where no new policy measures
are introduced. Hence, the development of the fagestor is solely dictated by the exogenously
defined external drivers and the assumed charstitsrand behaviour of the market agents modelled:
forest owners, forest industry and consumers @sfioproducts.

Among the most important external drivers of thet@e in addition to what has been discussed above,
is the development of the foreign exchange marketrency exchange rates affect strongly the
relative competitiveness of regions, but they ateeenely difficult to forecast. Currently the eusoat
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a historically strong level against the US doli&rd we had to make the choice whether to assurhe tha
the current situation will prevail in the future.eMave assumed that the relative value of the wiliro
gradually return to its average level of the y&#i80-2006, reaching the average in 2015 and keeping
it to 2025. Hence during 2015-2025, one euro wasrasd to be worth 1.1 US dollars, 1.5 Canadian
dollars, 9.1 Swedish crowns, 0.66 UK pounds and J&ffanese yens, to name but a few currencies
important to the forest sector.

Russia has been planning to increase tariffs omoitedwood exports gradually to 50 €/rwhich
would, in practice, stop timber exports from Rudsiather countries. We assumed the tariffs to be
raised to 10 €/f(the tariff level in 2007), but that no furtheis®s in the tariffs would occur.

Real energy prices during the period 2006—2025 wassemed to be twice those of 1999.

In the base case the forest area outside of wamtliption was assumed to stay at the current lével.
the corresponding policy analysis, we assume tlattain percentage of the forest land (timberlgtoc
is set aside from timber production for forest ledsity protection. The percentages considered
ranged from 3% to 10% of the forest land availdbfewood production and they were applied to all
countries in the same proportion paying no attentiothe existing amount of conservation areas. The
set aside shocks were assumed to take place anthef 2009. The growth rate of the forests on the
land that was set aside was assumed to drop twhdig initial rate to reflect that on this larardst
management practices aiming at increasing timbgplgwould cease.

3 Indicators considered

The selection of economic, social and environmesilindicators important to the forest sector was
based on discussions with stakeholders (Brusse@)2and on indicators suggested at the Ministerial
Conference on the Protection of Forests in Eurepbject to the restrictions posed by the economic
scope of the model.

The following issues were highlighted by the staitdérs:
Biodiversity protection

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

Securing wildlife habitats, water catchments se&wiand carbon sequestration capacity

Income provision in rural areas - counterbalanaidening urban/income differential and
increasing risks related to production volumesdpob quality and price volatility

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

Being a model with economic focus, the EFI-GTM oradly had rather limited links to environmental
or social issues. Regarding environmental asp#otsjssues such as energy use, paper recycling,
forest area under protection and timber stocks estgting carbon can currently be handled.
Regarding social aspects, we are currently ablecdonsider employment in the sector. When
implementing the sustainability indicators in thedual, these limitations were taken into account.
Nevertheless, there is no technical constrainngtuding in the model issues such as air pollugon
developments in the bioenergy markets. It is moraaéter of data availability. The extensive data
collection needed for the additional analyses vagpassible within the MATISSE project.

Indicators and their definitions are given in Table3, grouping the indicators as "economic”, "dbcia
and "environmental". These groupings do, of courserlap to some extent.

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

b) To considessocial sustainability(Table 2), the model calculates employment in tredt industry

in terms of hours worked. Besides employment, atleeial aspects are not directly represented in the
EFI-GTM model, which has its focus on the technjpassibilities and economic performance of the

forest sector. However, the volume of roundwoodvéstr and production in the mechanical forest

industry could be seen as a surrogate indicatorui@ development. Therefore we implemented an

indicator representing the aggregate of the has\aasl mechanical forest industry production.

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

¢) For environmental sustainability, we implemented measures of resource use and devehbp
The EFI-GTM calculates utilization rates of wastp@r (maximum collection rates are exogenously
specified), use of wood relative to the growth lné growing stock in the forest area available for
timber supply, and consumption of electricity ardgess heat in the forest industry. Related to the
carbon stocks, the model keeps track of the voloftke total growing stock in forests in the region

Abbreviation Indicator name Definition Unit

Value of timber Roundwood harvestsprice at the mill

TimberSales gate (sub bark). Includes the costs of billion (10°% €

sales :
harvests antransportsto the mill.

ElTurnover _Value of forest _ _Turnover (price x quantity) of the forest billion (10°) €
industry production industry

PPTurnover Value of pulp gnd Turnovgr (price x quantity) of the pulp an%illion (10% €
paper production  paper industry
Value of Turnover (price x quantity) of the

MechTurnover  mechanical forest b q y billion (10°% €
) . mechanical forest industry
industry production
Variable profit [Turnover — variable costs (costs of fibre

FIProfMarg margin in the whole and other materials, labour, energy and %
forest industry machinery maintenance] / Turnover

Wages paid in the Froduction quantities (tonnes or m3) x

FIWages ) labour demand (h/tonne or h/m3) x labourbillion (10°) €
forest industry
costs (€/h)
Self-sufficiency in above 1 =
PapSelfSuff paper and Production (tonnes) /Consumption (tonnesjore than
paperboard self-sufficient
Self-sufficiency in above 1 =
PulpSelfSuff . y Production (tonnes) /Consumption (tonnesjore than
chemical pulp s
self-sufficient
Self-sufficiency in above 1 =
MechForSelfSuff mechanical forest Production (m3) /Consumption (m3) more than
products self-sufficient

! Mechanical forest industry= Sawnwood, plywood padels
12
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Abbreviation Indicator name Definition Unit
- . : . above 1 =
WoodSelfSuff Self-sufficiency in  Harvests (m3) /Industrial consumption more than
wood (m3) -
self-sufficient
Self-sufficiency in . . above 1 =
RcpSelfSuff Collection (tonnes) /Consumption (tonnesjnore than
recovered paper s
self-sufficient
Value of forest Considers trade in recycled paper, wood, above 1 =
sector exports / - :
TradeBala pulp and paper, and mechanical forest  surplus in

Value of forest

sector imports industry products.

value of trade

Table 1. Indicators for economic sustainability

Abbreviation Indicator name Definition Unit
. Production quantity (tonne or
FIWorkHours Labor plemand in the m3) x labor demand (h/tonne omill. hours
forest industry h/m3)
Production of timber and Roundwood harvests (m3) +
RuralOutput mechanical forest industry production volume in the mill. m3
products mechanical forest industry (m3)
Equality in the income Variance across the countries in
InduEqual generated by the use of turnover of the forest

forest resources industry/harvests.

Table 2. Indicators for social sustainability

Abbreviation Indicator name Definition Unit

Net energy use in  Use of net electricity and fuels
NetEner the forest industry  bought outside of the mills a. TWh

Utilization rate of Percentage of recovered paper  %. Note: not
RcpUtilRate utilisation compared to the total  possible to reach

recovered paper paper production.

Growing stock of forests in and
outside of timber production

Growing stock of all
forests

Harvests relative to
the growth of the
growing stockn
roundwood
production

AllGrowStock

Harvests of roundwood

FellOfGrowth (m3) usable for roundwood

production

(m3)/Growing stock of roundwood

100%.
billion (10%
(over bark)

%

Area outside timber production due

to conservation or economic
reasons.

Share of forest area
RAreaNonTimbUse outside timber
production

GTM

Note: this is exogenous in the EFI-

%

Table 3. Indicators for environmental sustainapilit
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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-GTMngsihe assumptions and scenario definitions
discussed in Section 2. In the following, we disctise development of the SD indicators in 2000—
2025. In particular, we compare the values in 2@2fhe values in 2000 and to the mean of the years
2000-2005. While no available data source providesparable indicator values for EU/EFTA for the
selected SD indicators, the EFI-GTM projectionswed for historic values as well, although they ar
likely to deviate from the actual figures dependorghow well the model assumptions reflect what
happens or has happened in markets. This provigidsefter consistency in the comparisons. Table 4
displays the development of the indicators.

4.1.1 Economic indicators

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

In the future, the local markets become more ingrdrto the forest industry in EU, and the share of
the forest industry turnover coming from the salasside of the EU/EFTA decreases. Related to that,
self-sufficiency of the EU/EFTA in the forest indiysproducts declines toward 2025, as can be seen
from the indicatorPapSelfSuff and MechForSelfSuff. Also, while the EU is currently exporting
waste paper, it starts to use almost all of thig maaterial itself(RcpSelfSuf). Because this means
declining transports of recycled fibre from Eurdpefor instance, Asia, it can be seen as a pesitiv
development from the environmental point of vieweTutilization rate of recovered paper in paper
and paperboard productioRg¢pUtilRate) increases to about 60%. The increased use otwpagter

as a raw material alleviates the EU's dependendyparted chemical pulp, and the self-sufficiency
in chemical pulp RulpSelfSuff) improves. The trade surplus of the secioedeBala) declines, in
particular, due to a declining share of forest stduproduction going to export and decline in the
export of recycled fibre for pulp making.

Change (%) Change (%)

2000-2005 2025 vs. mean

2000 (mean) 2025 2000-2005 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 15 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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Change (%) Change (%)

2000-2005 2025 vs. mean

2000 (mean) 2025 2000-2005 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 projeftie2000-2025 by the EFI-GTM model

4.1.2 Social indicators

From the social indicators, we are directly onlyeaio look at employment in the forest sector. The
forest sector employ$=(WorkHours) only 1% more people in 2025 than in 2000. Theease in
employment is lower than the increase in the sabdsme of the industry. That is partly due to the
new investments using less labour-intensive pradoctechnologies, which is one source of
productivity growth. Hours worked increase morahe mechanical forest industry than in the pulp
and paper industry. The wages paid in the forehistry FlWages) decrease despite the increase in
employment as more new production capacity is éstea in the regions with lower labour costs.
We assumed that any gains in labour productivityldide offset by the increase in wages, keeping
the real labour costs constant during the periaate Nhowever, that we did not assume any change
taking place in relative wages across the regibe®uld be expected that the gap in wages betieen
Eastern and Western Europe narrows over time. Biste that we did not consider employment in
forestry due to the fact that timber supply is esgnted in the model by functions that do not
explicitly account for labour costs.

The increase in harvests and the increase in emmglol/in the mechanical forest industry are likely t
be favourable for rural development. The valuehef indicatorRuralOutput aggregating output in
the forestry (harvests) and the mechanical indugirgduction), increases by about 1% per year,
which is likely to be below the rate of productwincrease in timber harvesting. If we neglect the
differences regarding this development at the sutmjiean level discussed later on, this could be see
as a healthy development considering prevailingagaphic trends; e.g., population aging and the
decline in population in Eastern Europe. Timbettiogtwith state-of-the-art technologies requires
highly skilled labour, because the work is typigalbne alone in the forests using expensive high-te
machinery. Urbanized, young people are not pa#rtuiinterested in this kind of work, and already
now some difficulties are being faced in findingrikers in the sector. Several studies consider that
this situation will be aggravated in the futureg(eMinistry of Agriculture and Forestry 2008). The
European Confederation of Paper Industries (2atifies the potential lack of skilled workforce a
one of the threats faced by the sector in the éutur

Finally, with production capacity growing more metnew EU-member countries than in the old ones,
the variance of the value added to the timber tsedeacross EU/EFTA (indicatdnduEqual)
declines, suggesting some economic harmonizatitimeifiorest sector taking place in Europe.

4.1.3 Environmental indicators

When production increases in the forest industing tise of electricity and fuels also increases
(NetEner) by some 22%, when we compare the year 2025 teaHg 2000s. Considering this, it has
to be borne in mind, however, that we assumed ctinteal improvements to take place in the existing
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mills or in the current best available technolodi@aT), which was the basis for new investments in
the industry.

In 2025 European countries use on average 66%eofgtbwth of commercially managed forests
(FellOfGrowth) , which is the same as in 2000. The EU is stileaimporter of wood, but there is a
small improvement in the indicator measuring the 'sEWdlependency on imported wood
(WoodSelfSuff) Because the harvests remain below the forestthrdine growing stock of forests in
Europe AlIGrowStock) continues to increase. In 2025, the growing stekilable for commercial
timber production is 30% higher than at the begigrof the century. This means that considerably
more carbon is tied into forests. About 15% offibvest area in Europe is in non-timber use (TBFRA
2000), as we did not assume any change in thisezxng variableRAreaNonTimbUse).

4.2 Projections at a sub-European level

Table 5 displays selected indicators disaggregatéal Northern, Western and Eastern Europe.
Northern Europe includes Finland, Norway and Swedsstern Europe includes new EU-member
countries (Czech Republic, Estonia, Hungary, Latvighuania, Poland, Slovakia, Slovenia,
Romania), and Western Europe includes the resteofountries in EU/EFTA.

Northern Western Eastern Northern Western Eastern Northern Western Eastern

Europe Europe Europe Europe Europe Europe Europe Europe Europe
2000 2000 2000 2025 2025 2025 change % change % ange %

TimberSales 6.4 8.0 3.1 9.3 114 5.9 45 44 92
MechTurnover 7.6 18.1 54 8.3 19.9 8.2 9 10 51
PaperTurnover 27.3 45.2 4.7 254 52.3 12.0 -7 16 6 15
FlTurnover 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 6 -1 -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 8 -5
TradeBala 19.63 0.38 3.54 10.03 0.26 1.78 -49 -32 0 -5
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 andtBasEurope in 2000 and 2025, and the
relative change of the indicator values in 2025 paned to 2000

As shown by the indicators, suchMechTurnover andPaperTurnover, the biggest economic gains

in forest industry development are in Eastern Eeyepth the main stream of the new investments in
the industry going there, driven by lower producticosts. This also leads to the highest relative
increase in the value of wood harvedisr{berSales) with both prices and harvest levels increasing.
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The indicatorRuralOutput, measuring harvests and mechanical forest indpstguction, increases
by almost 60% from 2000 to 2025.

In the paper industry, the Nordic countries areliggest losers. The turnover of the pulp and paper
industry PaperTurnover) declines by 7%, when we compare the year 2029@0.2The turnover in
the mechanical forest industriMéchTurnover) increases in Northern Europe but by less than the
average for the EU/EFTA region. Nevertheless, dgwekent in total forest industry sales
(FITurnover) is negative. The profit margin in the forest intygFIProfMarg ) decreases in the
Nordic countries by more than the average for tHéEgETA.

Demand for labour in the forest industii\(VorkHours) declines in Northern and Western Europe,
but the sector is creating new employment in EastBurope. The indicator&IWages,
FIWorkHours andRuralOutput in Eastern Europall develop very favourably.

The utilization rate of recycled fibr&¢pUtilRate) is highest in Western Europe and increases further
toward 2025. Northern Europe also increases itsafseecycled fibre but remains an important
supplier of virgin fibre due to the availability pfimary resources in the region.

Growing stock of timberAllGrowStock) increases in all the regions. In Eastern Eurdpe share of
forests growth that is harvesteBe(IOfGrowth) increases. In Western Europe, the growing stock
increases most, with lowest rate of industriaizaiion of the forest growthH=€lIOfGrowth) .

Western Europe remains a net importer of pulp, papechanical forest industry products and wood.
Nevertheless, the self-sufficiency of Western Eerap chemical pulp improves, so that more than
half of consumption is derived from own production 2025. Eastern Europe increases its self-
sufficiency in chemical pulp and becomes a net grpmf pulp. It also remains a net exporter of
wood and mechanical forest industry products in520&estern Europe remains a net importer of
wood, with the indicatoWWoodSelfSuff below one. It is notable that the forest growthuidoallow
harvests in Western Europe to grow. It is moresane of getting more wood to the market at a price
that the forest industry is able to pay.

Energy consumption in the forest sectbie{Ener) increases without further investments in energy

saving technologies. In Northern Europe the in@easlowest due to the less favourable overall

development in the sector than elsewhere in Eulopgastern Europe, the energy demand more than
doubles.

5 SD indicators under biodiversity conservation pol icies

A significant part of biodiversity value in Euroj found in forest ecosystems. However, in many
countries, the management of forest stands hasasiiadly changed local forest properties, mogtly i
terms of tree species composition and the amouocb@fse woody debris. During the last century, the
large tracts of primeval forests have been replageuighly productive managed forests.

In order to stop the biodiversity loss, there isegd to expand existing networks of protected fores
areas and to create new networks. Some Europeatriesunave already set action plans to take steps
in this direction in the coming years; e.g., Swedad Finland (Ministry of Environment 2008). This
was also a basis for our choice of the policy tagsessed. We assumed that governments will rent or
buy forest land to be set aside from timber praduactor conservation. According to FAO (2000),
about 15% of the forested land in EU/EFTA is unkaade for timber production. The share of land
that is unavailable for timber production due togervation is about 9% (FAO 2000). In this report,
we considered setting aside percentages ranging 386 to 10% of forest land for conservation. This
would increase the forest area unavailable for ¢ingyoduction to 18-24% and the share of protected
forest area to about 11-17%, respectively, of trest land in the EU/EFTA. The costs of such a
policy would depend on the land value. Valued siympdsed on the price of timber standing on the
areas conserved, the direct costs of these poliiesd range from 32 (34) to 99 (106) billion {10
euros. We lacked information on the wood graderibigion of the growing stocks for most of the
countries, and these values are simply based oasthenption of stocks consisting 50% of pulpwood
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and 50% of sawlogs. The values in parenthesesrgrése maximal cost estimate, which has been
obtained by valuing the whole stock using saw-loggs. Admittedly, these cost measures are very
crude, as they do not account for the expectedduituicome provided by the land or non-wood
benefits of the forests. On the other hand, thaeval bare forest land is in some cases very logv; e

in Finland.

The impacts of potentially increased forest coration in Europe have been addressed earlier by
Kallio et al. (2006). Their study focuses on therkets impacts of forest biodiversity conservation,
and so it does not address sustainability. Theepteanalysis also extends the previous one by
considering biodiversity conservation and its intpaa the larger EU area, not just in its Western
member countries. In the further analyses by MAHS&rtner National Technical University of
Athens, the results will be cast in a broader gatigcope. This will be done by using a Tool for
Integrated Policy Assessment (see e.g., Kouvasitdki00 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 indicatorthe conservation scenarios compared to the
base year 2000 and the base case in 2025. Agairts@re derived from the EFI-GTM to maintain
consistency. Table 6 displays the values of thecatdrs in the years 2000 and 2025 in the base case
and in the cases of five alternative set-asidegmages. Table 7 gives the relative changes wih th
conservation set-asides to the base case in 2025.

The first general observation of the indicator depment in Table 6 is that if 5% or even 7% of the
growing stock of forest currently available for vabsupply is set aside for biodiversity conservation
the resulting impacts on all economic, social amdrenmental (other than biodiversity) indicators a
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 15 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 32 52 71 99
(billions €)
Cost of set aside, high 34 56 77 106

estimate (billions €)

Table 6. Values of SD indicators in 2025 in theebease and in the cases where 3%, 5%,7%,
or 10% of the forest area available for timber slypis 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 indicatorshtoliase case in 2025 in cases where 3%,
5%, 7%, or 10% of the forest land (stock) availalolewood production is set aside for forest
conservation in 2009

5.1.1 Socio-economic indicators

In the 5% conservation case, the aggregated vdltimioer (TimberSales) mechanical forest sector
products KMechTurnover), and pulp and papePéperTurnover) declines by circa 700 million euros
in 2025 with respect to the base case. Howeves, 26 billion (10) euros above the level in 2000.
Hence, the sector is growing despite the consemvaliut given the additional forest conservatibe, t
growth is modestly lower than in the base case.

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

The turnover in the mechanical forest industsfe¢hTurnover) is reduced by the same order of
magnitude as timber sales. The decrease in meethdoiest industry production marginally reduces
the self-sufficiency of mechanical forest productEU/EFTA MechForSelfSuff). The production
and turnover of the paper industry are affected. |@here are several reasons for this. First, the
industry is very capital intensive. Wood cost iess important cost factor in paper production timan
the mechanical forest industry. Second, 61% ofdlaematerial used in the paper industry is progkcte
to be recycled fibreRcpUtilRate) in 2025, and not all the rest is virgin wood fipsince in many
products fillers and coating pigments constituteiraportant share of the total product mass. Third,
pulp is less costly to import than wood. Overallree EU/EFTA level, there is no change in the pape
and paperboard production in the 5% conservatise,daut domestic pulp is substituted by imported
pulp, as can be seen from the self-sufficiencycatdir for pulp PulpSelfSuff ), which declines
slightly. The share of recycled paper and virgifppo the total fibre content remains unchanged.

In the forest industry, the profit-margin (variabpeofit/market price) starts declining when the
percentage set-aside is higher than 5% of the stddke lower levels, the increase in factor sice
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shifted to output prices. Nevertheless, a wordaaftion regarding the variable profit margin indarat
(FIProfMarg ) should be expressed here. The model assumesipedimpetition. This implies that
firms are assumed to be driven to produce motbgeif make any positive profit, no matter how small.
Having many competing firms in the market, the stdy should actually end up making no profit
(FIProfMarg = 0). The industry is protected from such zeraalde profit outcomes only by the fact
that there are capacity costs for new enteringagpand incumbent firms are capacity-constrained.

The turnover in the total forest industriylTurnover) remains unchanged in the 5% conservation
case. Although output is cut by about 2% in the lmeaal forest industry, the increase in prices and
the gains related to some other forest industrgymts compensate for that. The ratio between the
values of exports and imports in the forest seCicrdeBala) decreases from 76% to 72% in the 5%

set-aside case. Hence, the trade deficit of thserreases with forest conservation, with thelide

of self-sufficiency in mechanical forest industmpgucts, pulp, and wood.

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

5.1.2 Environmental indicators

Investments in conservation networks improve thtustof biodiversity, but it is not possible to gia
quantitative indicator that would measure this ioy@ment. The overall impacts depend on many
issues. First of all, what is gained in biodiversilepends on how the new conservation networks
supplement the existing ones. The important looatispects relate to how representative the existing
networks are, how the networks secure the dispefshk red-listed species between suitable habitat
and how conservation networks help safeguard beosiity as climate changes. These issues require
additional and extensive research efforts by edsiogt the EU-level using our economic-oriented
model. Thereby, the chosen indicator for the biediity protection is the share of forest areasideits
timber production. That is increased from 15% t&0lifi the five percent set-aside case, and to 24% in
the 10% set-aside case.

The increase in forest conservation areas hasvediasmall impacts on some other environmental
factors. There is a moderate cut in the use ofggneneaning less fossil fuel emissions from the
industry, and that would also be the case with @éimbutting. Nevertheless, the growing stock
(indicator AllGrowStock) also decreases, by about 176 million cubic meter% with the 5% set
aside, diminishing the capacity of forests to sstprecarbon. This is due to two reasons. First, the
harvest intensity in the forest remaining in woag@y (FellOfGrowth) goes up slightly. Second, we
assumed that when the new conservation areas fareuteof active forest management, the forest
growth in these areas declines. In principle, #adan sequestration due to product substitutian,(e.
use of wood instead of concrete) may diminish dlgliue to increased prices of forest products. In
the 5% conservation case, the aggregate consumpfianechanical forest products, paper and
paperboard was unchanged in EU/EFTA, because thetlyrin imports substituted any cuts in
domestic supply. We are tempted to say that theativieade-off between forest conservation and
carbon sequestration is minor, admitting still ttheg issue would benefit from closer examination. |
the long term, all trees eventually die, releasivgcarbon they have sequestrated to the grountband
the atmosphere. As wood is a renewable resoureegibatest benefits regarding climate change
mitigation occur when it is used first in the conostion or other industry, and then recycled orduse
generate energy (see e.g., Swiss Federal Officé)208@erefore, the choice of setting aside forest f
strict conservation conflicts with the climate cgammitigation goal in the very long run. In the gho
run, synergies between biodiversity managementcanion sequestration in the conservation areas,
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particularly in the managed forest, can be foure (8.9., 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 défé economies with different stages of
development in the forest sector hides the fadtttiere are important regional differences that may
even out the results at the aggregate level. Ifidi@ving, we briefly present the results for Nwetn,
Western and Eastern Europe. These regions wengedefn Section 4.2. Table 8 gives the differences
with respect to the base case in 2025 when 5%eofjitbwing stock is set-aside for forest biodivegrsit
protection.

Northern Western Eastern
Europe Europe  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 2@2the base case, with 5 percent of forest
land available of wood supply set-aside to consioma

The mechanical forest industry is most hard hifdngst conservation in Northern Europe due to the
high increase in timber prices. Both the output &émel turnover (indicatoMechTurnover) in the
mechanical forest industry decrease by 5% with S¥servation set-aside. This also shows up as a
decline in exports of the mechanical forest indugtoducts from the regiorMechForSelfSuff). In
Western Europe, the change in both turnover angubun this industry is non-negligible. In Eastern
Europe, where the mechanical forest industry grsinengly in the base case, conservation leads to a
minor cut in new capacity investments, showing smal% decrease in the turnover and a slightly
higher decrease in the output.

Perhaps the most important indicators in the fowesttor for the localor national economic
development are timber sales incomanberSaleg and forest industry wageBlWages). The forest
industries (the pulp and paper industry in particulre very capital intensive, which means thiat a

of the benefits from increased activities accruth®owners and providers of capital based outtiele
local or national economies. Instead, the wagedtiamzker sales income are more likely to benefit the
local economies. Forest industry wages decline stbdim Northern and Eastern Europe. In Northern
Europe, timber sales income increases despite agxra the timber cutting, while in Western Europe
it decreases slightly. In Eastern Europe, theevalitimber sales decreases by 3% in 2025 given 5%
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conservation set-aside. The timber sales indigatasures the value of the timber trade, and itshide
the changes in harvest levels. The changes wereir3%rthern and Western Europe and —4% in
Eastern Europe.

6 Summary

In this paper, we presented a selection of sudidityaindicators for the forest sector and progatt
their development in the future in the businesesaml case (base line) and in the cases whereldhe E
Is assumed to improve the forest biodiversity bye$db conservation programmes of alternative
magnitudes.

In the base case, the model projections showed@gnpositive developments for the economic and
social indicators at the EU/EFTA level, the forestustries profitability being an exception. Howeve
there were clear differences at the sub-Europeaal.l@he economic development was much more
favourable in Eastern Europe than in Northern Egreghere there was a decline in the turnover of the
paper industry and the profits of forest industries

Judging from the base case developments increaskeirenergy consumption of the EU forest
industry and degradation of biodiversity seem taab®wng the important (un)sustainability issues in
the sector. The energy use in the forest secldeely to be lower in reality than was projected thy
model, since we did not account for the trends tdwd@eveloping and deploying energy saving
technologies. We simply assumed the new investniartse forest industry to be based on the best
available technologies of today. Still, given thejected development, coping with the Kyoto £O
emission targets poses a challenge to the seotpagrticular in Eastern Europe. Increase in theafise
bioenergy could be an option. Felling residues #rat usually left in the forest are becoming an
increasingly important source for energy productideikainen et al. (2008) estimated recently the
forest energy potential in Europe, and concludeat the annually available forest fuel in EU27
countries corresponds to about 411 TWh. Howevemust be borne in mind that the forest-based
bioenergy could benefit other sectors of the ecgnaswell, so it cannot be considered as earmarked
for the forest industry.

The constant decrease in biodiversity is one otthigal issues that Europe faces nowadays. 1r1200
the European Union made a commitment to halt the & biodiversity by 2010. A significant part of
biodiversity value in Europe is found in forest ggstems. Due to the importance of this issue, we
chose to consider this topic in our policy analysifie conservation set-asides improve the
biodiversity status in the EU, provided that thenagement of the forest land remaining in timber
production would not intensify to levels that woulfiset the gains from conservation. If timber pec
increase only moderately due to new conservatieasarthe latter threat is diminished. Also, there i
always some ‘leakage’ in harvests due to consenvagstrictions in a particular area. In our caise,
could be Russia or even tropical countries thatcdctace increasing demand for timber. In this répor
we focused on the impacts of forest conservatiotherocal sustainability indicators.

Forest biodiversity conservation causes some deatinimber cutting and mechanical forest industry
production. As this leads to reduction in the wogkportunities and income from forestry, socio-
economic aspects should be considered togetherwitlogical ones when new conservation areas are
established. Because forestry and the forest indastan be of particular importance for rural aré&a
could be advisable to put more weight on conserfangst sites closer to urban areas whenever it is
possible considering the ecological aspects. Thiése would also provide recreation possibilities f
urban citizens. In studies measuring citizens’ lingness-to-pay’ for forest conservation (e.g. Horn
et al. 2004), it has also been found that urbaideass are more willing to pay for conservation.

The EFI-GTM is a model originally built for econamanalyses. In MATISSE, we upgraded the
model with several meaningful environmental andseconomic indicators. The solid theory-based
economic scope of the model is its strength, aacethre no limitations on the inclusion of a widet
of environmental and social indicators in the madethe future. Further extension can and will be
done given the data availability on the issuestdrest. For instance, the consumption of watéher
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output of pollutants in the forest sector produttmyrocesses could be given together with the other
input-output data related to production processksiing additionally the data on the investments
costs required for improving production technolsgithe model could be used to assess policies
aiming at reducing environmental pollution. Furthere, incorporating a more detailed description of
energy use in the sector and including bioenergguysction and markets into the model are among the
important issues for further development.
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