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Summary

Overarching objective of the EU biodiversity strategy for 2030 is recovering biodiversity by
strengthening the protection and restoration of nature. Key elements are the creation of protected
areas on at least 30% of Europe's land and sea area, including stronger protective measures for
forests. However, any implementation of dedicated measures will reduce roundwood production
in EU member states. It is to be expected that parts of this reduced roundwood production will be
compensated by increasing roundwood production in non-EU countries. There is a fundamental
risk of biodiversity losses in non-EU countries accompanying such leakage of roundwood produc-
tion. From a global perspective, such biodiversity losses must be opposed to biodiversity gains in
EU countries. The presented study provides a first assessment of possible leakage effects and rep-
resents the state of work as of September 2020.

At first, the presented study provides an estimate of the decline in roundwood production in EU
member states as a result of implementing partial or full production restrictions in forests. In a
second step, implications of reduced roundwood production within EU-27 on global wood markets
are assessed. Finally, leakage of roundwood production to non-EU countries is evaluated using in-
dicators related to governance, sustainable forest management, biodiversity, forest condition, de-
forestation pressure and socio-economic aspects.

In order to estimate the reduction in roundwood production in EU countries firstly three single
implementation measures are assessed and then consolidated for Germany: (i) 10 % share of forest
area set-aside, (ii) non-utilization of “old-growth forests” and (iii) 30 % share of protected forest
areas under Habitats Directive management requirements. As a result, the potential roundwood
production in Germany declines on average within the period examined (2018 — 2052) by
23.96 million m3/a to 52.77 million m3/a or to 69 %. In the following calculations, this reduction
share is assigned to all EU-27 countries.

Modelling international roundwood production leakage using the Global Forests Products Model
GFPM projects an overall roundwood production decrease of 42 % in the EU-27 for the year 2050.
Increased roundwood production in non-EU countries would compensate for 73 % of the de-
creased roundwood production in the EU. The remaining 27 % can be understood as price-induced
reduction of wood products consumption. Until 2050 EU-27’s decreased roundwood production
would mainly be offset by increased production in the USA. According to the modelling results,
26 % of decreased roundwood production are leaked to the USA. Further leakage occurs to Russia
(12 %), Canada (9 %) und Brazil (8 %). Differentiating non-consumption into soft- and hardwood,
non-consumption of hardwood is more pronounced (39 %) than non-consumption of softwood
(11 %). Consumption of fuelwood declines by 67 % but its production does not shift to non-EU
countries. Basically, fuelwood is consumed to a much smaller share, due to increasing prices and
the following assumed transition to other energy sources. Only small leakages are calculated for
pulp and paper products. Leakages for sawn wood and wood-based panels show comparable rela-
tive changes to those modelled for roundwood production.

Implementation of the EU biodiversity strategy causes decreasing roundwood production in EU
member states and increasing roundwood production in non-EU countries. The expected addi-
tional production would be shifted to countries that have a significantly higher proportion of intact
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forest areas compared to the EU, but already have lost significant amounts of these areas in recent
years. The described leakage poses a threat to the remaining intact forest areas in non-EU-
countries. Non-EU countries with a modelled roundwood production increase often show smaller
biomass stocks and higher shares of already degraded area than EU-27 member states. Either this
could indicate a further threat or a potential for promoting afforestation measures to buffer pres-
sure on natural forests.

Further protection measures in the EU would further increase the discrepancy to protection
measures of other countries. In non-EU countries, net deforestation is higher, significantly lower
proportions of forest areas are placed under protection and less money is spent on the conserva-
tion of biodiversity than in EU countries. The average Red List Index indicates an increased threat
of extinction of species for non-EU countries. Also, income disparities are higher in non-EU coun-
tries than in EU member states. For particularly poor countries, the shift of roundwood production
could mean an opportunity to benefit from potential job creation, but on the other hand there is
also the risk of displacement effects for often subsistence-based income groups.

Countries with high additional roundwood production and high vulnerability should be primarily
focused on in the risk assessment. Immediate risks are further endangerment of already endan-
gered species, reduction of intact forest area, increase of degraded land area and increased net
deforestation. At a global scale it is expected that positive biodiversity effects in the EU due to
additional protection are counteracted by negative effects in non-EU countries. Thus, European
policy measures should focus particularly on these countries in order to buffer potential leakage
effects by strengthening sustainable forest management and respective governance.

The presented report constitutes a pre-study on leakage effect of the EU biodiversity strategy. It
uses information and data that is available at this point. However, for a more detailed analysis
further data from EU member states and further development of the applied methods are neces-
sary.

Key words: leakage, biodiversity, EU, forestry, forests
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1 Background

In May 2020, the European Commission adopted the EU biodiversity strategy for 2030 with the
overarching objective of recovering biodiversity by strengthening the protection and restoration
of nature. Key elements are the creation of protected areas on at least 30 % of Europe's land and
sea areas. The activities will include legally binding targets and stronger protection of European
forests, restoration of damaged land and marine ecosystems, investment in biodiversity and global
leadership by the EU (COM 2020). Against this background, this publication examines possible leak-
age effects on forestry and forests in non-EU countries that may arise from implementing European
Commission (COM) proposals on the EU biodiversity strategy 2030 (EU BioDiv strategy). There is a
fundamental risk of biodiversity loss in non-EU countries. From a global perspective such biodiver-
sity losses must be compared/opposed to biodiversity gains in EU countries. This study provides a
first assessment of possible leakage effects and represents the state of work as of September 2020.

Leakage can be understood as a subset of the broader term spillover. A spillover can be any form
of collateral effect that takes place across (‘over') established governance boundaries, be they ge-
ographical, temporal, jurisdictional, sectoral, or political (Liu et al. 2018; Meyfroidt et al. 2018). In
contrast to the broad meaning of spillovers, however, leakage is usually understood in a narrower
sense. It refers to a specific type of spillover in which an environmental policy indirectly triggers
impacts that go against its aims, thus reducing the overall benefit of the intervention (Meyfroidt et
al. 2018). This definition allows for the identification of three key elements that characterize leak-
age in its strictest sense (Bastos Lima et al. 2019):

= Impacts occur as a causal effect from an environmental policy intervention
= The variable affected is the one targeted by the intervention

= The leakage has a negative effect on the targeted variable

Significant examples are deforestation caused by measures to reduce deforestation or CO, emis-
sionsincreased by climate adaptation strategies. In the environmental sector, spatial displacement
effects often occur, i.e., the desired effect occurs in places not initially focused on by the original
measure (Bastos Lima et al. 2019).

In the given context of the EU BioDiv strategy, the major objective is to protect biodiversity in the
EU member states. The loss of biodiversity in non-EU countries caused by the implementation of
the EU Biodiversity strategy qualifies as leakage in this case.

Leakage effects are primarily examined for the EU as a whole, individual EU member states are not
considered separately. The present study has the character of a preliminary study. The quantitative
and qualitative assessments are mainly based on the information available to the authors at short
notice. In the following chapters underlying assumptions are explained. Related limitations or their
effects on the results are discussed. Due to limited availability of data, the ecological assessment
of identified leakage effects can only be carried out on a national level and not further regionally
disaggregated. The period 2020 to 2050 has been defined as the projection period for this assess-
ment. The decision for this somewhat longer period is based on the fact that forestry is based on
long-term processes and that special tree species and age class composition of forests sometimes
have a strong impact on target values such as logging volume or net yield. The choice of a particular
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year can therefore have a greater influence on the result. By choosing a longer observation period,
the effects of specific single characteristics are not overestimated in the leakage assessment.

In detail, the following objectives of the EU BioDiv strategy (COM 2020, p.5) are the basis of the
investigation:

= “Legally protect a minimum of 30 % of the EU's land area and 30 % of the EU’s sea area and
integrate ecological corridors, as part of a true Trans-European Nature Network”

= “Strictly protect at least a third of the EU's protected areas, including all remaining EU primary
and old-growth forests”

= “Effectively manage all protected areas, defining clear conservation objectives and measures,
and monitoring appropriately"

As further elaborated in the EU Biodiversity strategy, "as part of this focus on strict protection, it
will be crucial to define, map, monitor and strictly protect all the EU’s remaining primary and old-
growth forests". Footnote 24 of the Strategy further states that "strict protection does not neces-
sarily mean the area is not accessible to humans, but leaves natural processes essentially undis-
turbed to respect the areas’ ecological requirements" (COM 2020, p.4).

Chapter 2 first provides an estimate of the decline in roundwood production in the EU. It is ex-
pected that an implementation of the EU BioDiv strategy will have an impact on the roundwood
supply in the EU. In concrete terms, the effects on roundwood production of i.) the set-aside (i.e.,
no roundwood production) of 10 % of the forest area, ii.) the abandonment of roundwood use at
all sites with "old-growth forest"* and iii.) the designation of protected areas following manage-
ment requirements of the fauna flora habitat directive (i.e. the Habitat Directive) on 30 % of forest
area are examined. Chapter 3 quantifies leakage effects from a market perspective. For this pur-
pose, the effect of reduced roundwood production on global timber markets is examined. This is
done using a global model of the forest products market, the Global Forest Products Model
(GFPM). Global timber flows are calculated in two scenarios, the reference scenario without and
the EU BioDiv scenario with implementation of the EU BioDiv strategy. The leakage effects in the
individual countries are derived from the difference in roundwood production in the two scenario
calculations. Chapter 4 provides the assessment of environmental leakage effects in non-EU coun-
tries using indicators. Possible issues to be covered are (i) governance, (ii) sustainable forest man-
agement, (iii) biodiversity, (iv) forest condition, (v) deforestation pressure and (vi) socio-economic
aspects. Chapter 5 concludes with a discussion of the outcomes of the analysis. In the/an annex,
additional information is provided.

1 Since there is no EU agreed definition of "old-growth forests", an age limit of over 120 years was proposed.
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2 Estimation of the decrease in roundwood production in the EU

In order to assess the impact of an implementation of the EU BioDiv strategy on the roundwood
supply in the EU, the effect of the following measures were investigated:

i. 10 % share of forest area set-aside,
ii.  non-utilization of "old-growth forest" and
iii. 30 % share of protected forest areas with Habitats Directive (COM 1992) management re-
quirements.

Comprehensive information on forest structure, future development of potential roundwood sup-
ply, and existing and future implementation of nature conservation measures in EU member states
was not available on short notice. Thus, the reduction of EU’s roundwood production as direct
effect of implementing nature conservation measures on in forests was estimated in an impact
assessment for Germany. The relative rates of change in domestic roundwood production in Ger-
many were transferred to the other EU member states. Alternatively, the effects could only have
been estimated by means of country-specific data from the EU-27 member states, which would
have been very costly and time-consuming to collect and model.

Main data sources for the estimations of the development of roundwood production according to
the current forest nature conservation level (reference), and after an implementation of described
nature conservation measures for the EU Biodiversity strategy, were the results of the German
Federal Forest Inventory (BWI) 2012 on the forest condition as well as the Forest Development and
Timber Volume Modelling (WEHAM) in the baseline scenario 2012. The WEHAM baseline scenario
2012 was developed by the federal and state governments in cooperation with forest-based asso-
ciations based on BWI 2012 data. It reflects the expected forest management and economic and
legislative framework of forest management at that time (Rock et al. 2016).2 3

In accordance with the modelling assumptions of the WEHAM baseline scenario 2012 forest areas
specified as gaps or as temporarily unstocked were assumed to be constant over time. The result-
ing area of 10,627,513 ha accessible and stocked forest area was used as the reference area for
further calculations (BWI 2012; Rock et al. 2016; Johann Heinrich von Thiinen-Institut 2012).

The results of the BWI 2012 and the WEHAM baseline scenario 2012 were directly adopted as a
reference for forest management according to the current forest nature conservation level. In a
first step, individual scenarios were developed for three single nature conservation. In a second
step, these were combined into an overall scenario for Germany, which formed the basis for the
transfer of the German decrease in roundwood production to the EU-27. In detail, for each scenario
a separate analysis was conducted for the affected areas on the basis of BWI 2012. Based on this,

2 The current forest damage caused by extreme weather conditions since 2018 is not taken into account (see, e.g.,
Bundesministerium flr Erndhrung und Landwirtschaft (BMEL) 2/26/2020).

3 For time reasons, an independent simulation of forest development and fellings with the Strugholtz-Englert model
Rosenkranz and Seintsch 2015 was not conducted.
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combined reduction percentages for the potential roundwood production of the WEHAM baseline
scenario 2012 until 2052 were calculated.* These percentages of the overall scenario were applied
on FAO data on roundwood production of EU-27 member states in order to estimate reductions of
roundwood production in those countries.

Thus, in this chapter the first step of the analysis intends to roughly estimate the effects on the EU
roundwood supply if the German implementation scenarios of nature conservation measures were
to be transferred to the other EU member states with the same impact intensity. It should be
stressed that this rough estimate is subject to uncertainties and limitations. However, there is no
indication of a one-sided distortion of the extrapolation.

2.1 10 % forest area set-aside scenario for Germany

According to the German "National Strategy on Biological Diversity" (NBS), forests with "natural
forest development" (NWE) should account for 5 % of Germany's forest area (or 10 % of public
forests) by 2020 (BMUB 2007, p. 31).° Due to the lack of a harmonised definition, criteria for forests
with natural forest development and of an opening balance sheet, the project "Natural Forest De-
velopment as an objective of the National Biodiversity Strategy (NWE5)" was carried out.® In addi-
tion to the permanent exclusion of direct forest operations or nature conservation measures, an
essential criterion for declaring NWE areas was a permanent protection status through legally bind-
ing safeguarding measures like sovereign protection or contractual or material safeguarding (Engel
et al. 2016, S. 46).

If this NWE criterion is applied to the BWI 2012 results, the BWI identifies 149,657 ha for nature
conservation and 28,046 ha as protected forests. On these areas, forest utilization is not permitted
or expected due to external conditions.” If it is assumed that these 177,703 ha of forest area are
located, according to NWE criteria, exclusively on the accessible and stocked forest area of
10,627,513 ha (reference area), non-utilized forests amount to 1.67 % when referring to BWI cut-
off date 01.10.2012. Accordingly, in order to achieve a share of 10 % of the German forest area, a
further 885,048 ha or 8.33 % would have to be set aside from forest utilization. In the 10S forest
area set aside scenario for Germany (set-aside scenario) existing and additional NWE areas are
equally distributed across all species groups and age groups. This balanced distribution across all

4 The last 5-year period of the projection of the WEHAM baseline scenario 2012 covers the years 2048 to 2052.

> In close connection with the 5 % target for natural forest development, the NBS target of 2 % wilderness areas on the
territory of Germany was also discussed (BMUB 2007, S. 28). Depending on the (undefined) minimum size for wilderness
area, there are smaller or larger intersections with the NWE area backdrop.

6 see https://www.nw-fva.de/index.php?id=454 as well as ongoing follow-up project "Natural forest development in Ger-
many - operational and systematic supplementation of the existing area scenery (NWeos)" under https://www.nw-
fva.de/index.php?id=712

7 Related to the 10,887,990 ha of accessible forest area.
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forest habitat types and forest development phases is considered appropriate for natural forest
development from a nature conservation point of view. ®

Based on this assumption, the potential roundwood volume of the WEHAM baseline scenario 2012
was generally reduced by 8.33 %. On average for the period 2018 to 2052, the potential round-
wood volume is reduced by a total of 6.39 million m3/a, of which 2.29 million m3/a are hardwood
and 4.09 million m3/a softwood.

2.2 Non-utilization of old-growth forests scenario for Germany

Although the EU Biodiversity strategy sets the protection of all remaining primary and primeval
forests in the EU as an objective, there is no uniform EU definition for forests which are referred
to as "old-growth forests" (Wirth 2009). Thus, in the scenario for non-utilization of old-growth for-
ests in Germany (old-growth forests scenario) age classes ranging above the usual productive age
of the respective tree species groups as classified by the BWI 2012, were defined as “old-growth
forests”. The control parameters of the WEHAM baseline scenario 2012 were used as orientation
for the determination of the usual production periods (Rock et al. 2016). The term "old-growth
forest" was assigned to age classes of over 160 years for tree species group oak, over 140 years for
tree species group beech, over 100 years for tree species group spruce and over 120 years for tree
species group pine. According to these assumptions, 1,292,384 ha or 12 % of the reference forest
area would have to be classified as "old-growth forest" and would no longer be available for round-
wood production. This area consists of 463,506 ha of deciduous forests (or 10 % of the total decid-
uous tree area) and 828,878 ha of coniferous forests (or 14 % of the total coniferous tree area)

Since the WEHAM baseline scenario 2012 also includes evaluations of the potential roundwood
volume of the tree species groups differentiated by age classes, the share of the age classes as-
signed to the "old-growth forest" in the roundwood supply could be determined. For the WEHAM
period 2013 to 2018, this share amounts to 17.36 % for deciduous trees and 26.88 % for coniferous
trees. If these proportions are transferred to the following WEHAM periods, the potential round-
wood supply of the WEHAM baseline scenario 2012 is reduced on average for the period 2018 to
2052 by a total of 18.08 million m3/a, of which 4.79 million m3/a are hardwood and 13.28 million
m3/a are softwood.’ The comparison of the decrease in roundwood production in the old-growth
forest scenario with the 10 % set-aside scenario shows that the protection of old stands creates
particularly high opportunity costs for roundwood supply.

8 If, for example, only old stands were to be placed against the "natural forest development (NWE)" area backdrop, natural
forest development at later points in time would mean that large-scale forest development phases with a low nature
conservation value could be expected, which would make an insufficient contribution to biodiversity protection.

9 Double counting of the areas in the 10 % set-aside scenario is not yet taken into account in this isolated consideration of
the "old-growth forest" scenario.
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2.3 30 % natural habitats scenario for Germany

A central goal of the EU Biodiversity strategy is to place at least 30 % of the EU's land area under
legal protection (COM 2020). As stated by Polley (2009), 67 % of the German forest area is already
subject to one or more protected area categories, with categories substantially overlapping each
other. The German Natura 2000 area includes protected areas under the Habitats and the Birds
Directives; it accounts for about 24 % of the total forest area (Polley 2009, p.76).

In 2019, in Germany 3,327,708 ha (9.3 % of terrestrial area) are classified as terrestrial natural hab-
itat types according to Art 4 § 1 of the Habitats Directive (COM 1992, (92/42/EEC)). Together with
protected areas under the Birds Directive (COM 2009, (2009/147/EC)) the Natura 2000 network of
protected areas, which covers 15.5 % of the terrestrial area of Germany. EU-wide, the Natura 2000
areas account for approx. 18 % of the land area of all member states (BfN 2019).

Wippel et al. (2013) surveyed the implementation status of the Habitats Directive in forests in Ger-
many and Rosenkranz et al. (2014) determined the natural and economic effects of measures ac-
cording to the Habitats Directive on forest management by means of case study analyses. At that
time about 1.8 million ha of forest were registered in these areas. Of these, 817,000 ha (or 46 %)
had forest habitat types as objects of protection. The remaining forest areas were used for species
protection or as filling and buffer zones. Of the forest habitat types, beech forests had the largest
share with 585,967 ha, followed by oak forests with 100,276 ha. In order to maintain or restore a
good conservation status of the forest habitat types, the following measures in particular were
found to have an influence on the roundwood supply: i.) minimum area share of habitat-typical
tree species (possible restriction of the selection of tree species), ii.) minimum area share of old
timber stands (possible extension of the production period / deferment of use), iii.) preservation
of old trees and biotope trees (non-utilization) as well as iv.) preservation of dead wood (non-uti-
lization).

Based on this knowledge, Rosenkranz and Seintsch (2015) modelled the natural and economic ef-
fects of the management requirements under the Habitats Directive for nature conservation pri-
ority areas in German forests. As a result, 69 % of the natural forest habitat type area was assigned
to the tree species group beech. The remaining area was assigned to tree species groups oak
(21 %), spruce (6 %) and pine (5 %), respectively.

In the habitats scenario, these tree species group shares were applied to the 30 % of protected
area targeted by the EU Biodiversity strategy. Since the forest habitat types are to be actively pre-
served or restored as objects of protection (forestry or nature conservation measures), the habi-
tats scenario includes only forest areas that are not already covered by the set-aside or old-growth
forests scenario and thus aim at process conservation. With regard to the overall scenario, the
habitats scenario covers only age groups that were not already occupied by old-growth forests.

As management requirements in forest habitat types, the limited choice of tree species, selective
renunciations of use for permanent habitat trees, the preservation of a defined dead wood stock
as well as an increase in production times were modelled by Rosenkranz and Seintsch (2015). A
200-years spanning felling average in forests with nature conservation priority function of
6.3 m3/(ha*a) and in commercial forests with nature conservation minimum standard of
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7.8 m3/(ha*a) was calculated (in the status quo). Based on these calculations, a decline of 19 % in
the roundwood potential of the WEHAM baseline scenario 2012 for forest management according
to the requirements by the Habitats Directive was assumed.

Based on these assumptions, the "30 % natural habitats scenario for Germany" (habitats scenario)
projects a protected area with management requirements by the Habitats Directive of
3,188,254 ha (30 % of the total forest area), of which 2,859,482 ha are deciduous forests (60 % of
the deciduous tree area) and 328,772 ha are coniferous forests (6 % of the coniferous tree area).
Under the management conditions of the Habitats Directive, the potential roundwood volume in
the WEHAM baseline scenario 2012 is reduced by an average of 0.99 million m3/a for the period
2018 to 2052, of which 0.19 million m3/a are hardwood and 0.80 million m3/a softwood. This cor-
responds to a decrease in roundwood production of 0.31 m3/(ha*a) across all tree species groups.
These results are comparable to those of Wippel et al. (2013) who described a 200-year average
felling losses of 0.4 m3/(ha*a) (arithmetic mean) and 0.33 m3/(ha*a) (median) for beech habitat
type. Rosenkranz and Seintsch (2015) calculated a long-term average decrease in felling due to
management requirements of 1.5 m3/(ha*a).

2.4 EU biodiversity strategy overall scenario for Germany

The individual scenarios presented were combined in the "EU Biodiversity Strategy Overall Sce-
nario for Germany" (German BioDiv scenario). This required adjustments of double counting of
areas in the set-aside and old-growth forest scenario. This correction resulted in a total protected
forest area of 5,414,151 ha in the German BioDiv scenario, of which 3,749,363 ha are stocked with
deciduous trees and 1,664,788 ha are stocked with coniferous trees. Furthermore, 2,225,897 ha
are completely set-aside from roundwood production (889,881 ha of the deciduous tree area and
1,336,015 ha of the coniferous tree area). On 3,188,254 ha (2,859,482 ha of the deciduous tree
area and 328,772 ha of the coniferous tree area) roundwood production is determined by man-
agement requirements under the Habitats Directive. Due to the application of fixed percentages
in the set-aside and habitats scenario, the overall scenario for forest areas without protection area
requirements results in a negative area balance for the tree species group oak in the age classes 1
to 40 years and for the tree species group beech in the age classes 101 to 140 years. However, this
is balanced in total by other age classes.

According to the scenario assumptions the implementation of the three nature conservation
measures would reduce the volume of potential roundwood supply estimated by WEHAM baseline
scenario 2012 by a total of 23.96 million m3/a, of which 6.88 million m3/a are hardwood and 17.07
million m3/a softwood, on average for the period 2018 to 2052. The total volume of potential
roundwood supply estimated by WEHAM baseline scenario 2012 of 76.73 million m3/a would be
reduced to 52.77 million m3/a or to 69 % of the average WEHAM-based roundwood supply for the
period 2018 to 2052.
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2.5 EU biodiversity strategy overall scenario

The roundwood reduction described above was then applied to the historical roundwood supply
of the individual EU member states. For this purpose, the FAOSTAT database on the domestic
roundwood supply of the EU member states for the years 2015 to 2018 was used as data source.
Data for the United Kingdom were excluded from the assessment due to its recent EU withdrawal
(Brexit). Furthermore, for the modelling of global timber markets, the divided island of Cyprus is
attributed to the Asian continent, so that data for Cyprus also were not considered in this analysis.
Malta also is not part of the analysis, as cannot explicitly be modelled by the "Global Forest Prod-
ucts Model (GFPM)" (compare chapter 3). The FAO data were available in the following categories
of roundwood: i.) Wood fuel, coniferous, ii) Wood fuel, non-coniferous, iii) Industrial roundwood,
coniferous and iv.) Industrial roundwood, non-coniferous.” For the purpose of projection, the po-
tential volume of roundwood supply for the other EU member states was aggregated and an aver-
age for 2015 to 2018 of total domestic roundwood supply was derived. On this multi-year average,
the reduction factors for the years 2020 (69.1 % compared to the potential supply calculated by
WEHAM), 2030 (68.8 %), 2040 (68.6 %) and 2050 (68.5 %) calculated in the previous section were
applied and distributed to the individual assortments in the projection with the country-specific
shares of the historical multi-year average.

Summarizing, in the EU BioDiv scenario, the multi-year average 2015 — 2018 of total roundwood
supply of 473.40 million m3, would be reduced by 149.18 million m3/a to 324.22 million m3/a in
2050. In 2050, the total roundwood supply would then be distributed as follows: 24.14 million m3/a
(7 %) wood fuel, coniferous, 56.50 million m3/a (17 %) wood fuel, non-coniferous, 189.95 million
m3/a (59 %) industrial roundwood, coniferous and 53.62 million m3/a (17 %) industrial roundwood,
non-coniferous.

3 Quantification of leakage effects

Based on the results on reduced roundwood production from the implementation of the EU BioDiv
strategy as calculated in Chapter 2, the following section shows possible impacts on the forest-
based economy both in the EU and in non-EU countries. The implementation of the COM proposals
may lead to shifts in global production and trade of roundwood and wood-based products. Thus,
the protection of forests in one country could influence forest conservation and the use of forest
resources in other countries, as the markets for wood and wood-based products are highly inter-
linked via international trade (Dieter and Englert 2007; Gan and McCarl 2007).

Therefore, the aim of the following analysis is the quantitative estimation of possible leakage ef-
fects and their impact on roundwood production outside the EU. The measurement of leakage
effects by means of general equilibrium modelling (Gan and McCarl 2007) or partial timber market
modeling is a proven methodological approach for this type of analysis (Kallio et al. 2006). With

10 |t should be noted that according to the international definition, industrial roundwood is all raw wood used for material
purposes and not the German "Industrieholz".
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the help of dynamic mathematical simulation models, it is possible to simultaneously evaluate
country and product-specific market developments over time which are otherwise difficult to grasp
in their complexity. The Global Forest Products Model (GFPM, Buongiorno 2003) has proven itself
to be such an instrument for policy impact or scenario assessment in the past (Buongiorno 2015;
Nepal et al. 2012; van Kooten and Johnston 2014; Schier et al. 2018). The GFPM is a partial and
dynamic equilibrium model that simulates production, consumption, and trade of wood and wood-
based products of different processing steps in 180 countries. The model structure distinguishes
between raw, intermediate and end products. By simulating different scenarios, the influence of
different exogenous market impacts on the production and consumption of wood and wood prod-
ucts can be analyzed. The GFPM has also been widely used as a methodological approach to ana-
lyze the possible effects of trade barriers (Johnston and Buongiorno 2017; Turner et al. 2008), pay-
ments for the compensation of greenhouse gas emissions (Buongiorno and Zhu 2013; Johnston
and Buongiorno 2017) or possible benefits and losses from international trade in the forest-based
sector (Buongiorno et al. 2017).

3.1 Methods

To assess possible leakage effects of the implementation of the EU Biodiversity strategy, the GFPM
was used to simulate two alternative scenarios. In the first scenario, the forest sector development
is framed by general socio-economic parameters but a restriction on the production of roundwood
as proposed by the EU Biodiversity strategy was not implemented in the simulation. This scenario
serves as a reference scenario. The second scenario adopts the results calculated in Chapter 2. The
restrictions on the availability and production of roundwood due to the implementation of the EU
Biodiversity strategy, exogenously limits the production potential of roundwood in the EU 27 coun-
tries for the scenario simulation. The comparison of the two scenarios is then used to quantify
possible leakage effects.

For the purpose of the present working paper, an extended version of GFPM is used. In this model
version, industrial roundwood and sawnwood are differentiated into coniferous and non-conifer-
ous industrial roundwood and sawnwood (Schier and Weimar 2018; Schier et al. 2018). This version
of the GFPM thus simulates production and trade of 16 products (Figure 1).
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Figure 1: Product structure in GFPM
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This modification already has been successfully implemented, tested and applied in the course of
the WEHAM Scenario project (Schier and Weimar 2018). The changes in the model structure and
calibration allow for differentiation of coniferous and non-coniferous roundwood products. Fur-
thermore, based on the modifications, wood-based materials and wood pulp can be produced
from a mix of coniferous and non-coniferous roundwood. This provides a more differentiated rep-
resentation of the wood market development in the scenarios.

The input data for the GFPM are obtained from three global databases: The forestry statistics of
the Food and Agriculture Organization of the United Nations (FAO 2020a), the database of the
Global Forest Resources Assessment 2010 (FRA, FAO 2010) and the database of the World Bank
(World Bank 2020). The simulations of the reference scenario and the EU BioDiv scenario are based
on the model and the settings created for the WEHAM Scenarios project. The base and start year
of the simulations is 2012.
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For the simulation in the modified GFPM model, behavioral parameters and control variables are
adjusted as follows:

— The price and income elasticities of coniferous and non-coniferous sawnwood are taken from
Morland et al. (2018)

= For Germany, the share of coniferous and non-coniferous industrial roundwood in raw material
input mix is calculated based on the studies on the development of production capacities and
wood use in the wood-based panel industry and the wood pulp industry (Doéring et al. 20173,
2017b).

One of the most important exogenous development parameters in the GFPM is the GDP (gross
domestic product), as variable for economic income. As demand for wood-based products is posi-
tively correlated to income, an increase in income basically leads to an increase in demand. De-
mand, on the other hand, is part of equilibrium processes which balance product supply, demand
and price formation for each simulation period. The assumptions about future GDP developments
and population growth for the calculation of per capita income are based on the IPCC-A1 scenario
(Nakicenovic et al. 2000)). This scenario describes a world of dynamic economic growth, efficient
technology development and diminishing differences in the global distribution of per capita in-
come. Further global exogenous model parameters were derived from the basic version of the
GFPM (Buongiorno 2003), including the development of forest areas and forest stock (which was
originally based on FAO 2010) and the development of technological change.

In the EU BioDiv scenario, the reduction in EU roundwood production as described in chapter 2 is
implemented as maximum potential roundwood supply until 2020. As of the year 2020, the round-
wood quantities available under the EU BioDiv scenario are set as exogenous maximal production
potentials for the simulation until 2050. For the reference scenario, no specific restrictions regard-
ing roundwood production are assumed for Germany or the EU.

In the following, the results from the two scenarios are compared and the differences in the round-
wood production of individual countries are presented for the year 2050. Based on these results,
it can be deduced where the production of roundwood can increase if the roundwood production
in the EU 27 countries is limited, and thus leakage occurs. Leakage effects for further processed
wood-based products are only shown to a limited extent.

3.2 Results of the wood products market modelling

In the base period, the roundwood production in the EU-27 in the BioDiv scenario is approximately
31 % lower than reported by FAOSTAT. In 2050, the wood products market modeling simulation
for the reference scenario results in a projected total roundwood production of 576 million m? for
the EU-27 countries. In the EU BioDiv scenario, the amount of available roundwood volumes is held
constant (see Chapter 2) and results in a total roundwood production of 332 million m3 for the EU-
27 countries in 2050. Therefrom, 80 million m® are used as fuelwood for energy production. An-
other 190 million m® are used as coniferous industrial roundwood and 53 million m* as non-conif-
erous industrial roundwood for material production. Thus, total annual roundwood production in
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the EU-27 in 2050 is 42 % (-244 million m3) lower in the EU BioDiv scenario than in the reference
scenario. The lower roundwood production in the EU BioDiv scenario can be understood as a pro-
jected production deficit compared to the reference scenario in 2050. In addition, a few countries
outside the EU also produce around three million cubic meter less roundwood compared to the
reference scenario. Thus, in sum, the total production deficit in the EU BioDiv scenario accumulates
to 247 million m3 globally. The comparison of the two scenarios also shows that 73 % (or 181 mil-
lion m3) of this production deficit is compensated by increasing production volumes in non-EU
countries. The remaining 66 million m? are neither produced nor demanded and thus, potentially
substituted by other, non-wood-based products. Figure 2 shows the effects from the limited round-
wood production in the EU BioDiv scenario in comparison to the results of the reference scenario
for the EU.

Figure 2: Simulation of roundwood production in the EU in the Reference Scenario and
the EU BioDiv Scenario
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Source:  Own calculations

However, in 2050 the production deficit in the EU-27 is mainly offset by increased production of
roundwood in the USA (where 26 % of the production deficit is shifted to), Russia (12 % of the
production deficit), Canada (9 % of the production deficit) and Brazil (8 % of the production deficit).
The results show that in terms of volume, a large part (61 % or 151 million m3) of the change in
roundwood production takes place in non-EU countries of the northern hemisphere.

The production of coniferous roundwood for material use is shifting mainly to the USA (39 % of the
reduced coniferous industrial roundwood production of the EU is shifting to this country), Russia
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(16 %) and Canada (14 %), while the change in production of non-coniferous roundwood for mate-
rial use is shifting mainly to Brazil (19 %), Russia (10 %) and Malaysia (8 %). Howeuver, it can be seen
that in the segment of non-coniferous industrial roundwood, about 39 % of the production deficit
is no longer consumed and may be substituted by products from other raw materials. This propor-
tion is thus significantly higher than in the coniferous industrial roundwood segment (11 %).

The decline in the consumption of fuelwood has an even stronger impact. Here, about 67 % of the
fuelwood that is no longer produced in the EU in comparison to the reference scenario is not com-
pensated by shifting production of fuelwood to non-EU countries, but by a reduction of consump-
tion. One reason for this effect could be that the price of fuelwood in the EU BioDiv scenario is
38 % higher than in the reference scenario. If the price of fuelwood is comparatively high, it may
be possible that consumers will switch to other energy sources (Glasenapp et al. 2019).

Figure 3: Raw wood production of the countries with the greatest changes and the EU:
Reference scenario (blue), EU BioDiv scenario (orange) in 2050
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When looking at processed wood-based products, it can be seen that the production of paper and
paperboard is hardly influenced by a possible implementation of the EU biodiversity strategy. The
production of the paper sector within the EU is only reduced by 3 % from 120 million tons to 117
million tons, while consumption only decreases by 1 % to 97 million tons. This is possible due to a
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decline in exports of paper products from the EU to non-EU countries. Globally, the production
volume of the paper sector in the EU BioDiv scenario is 1 % below the reference scenario in 2050.
However, shifts in the production volumes of other non-EU countries are becoming apparent. In
addition to the EU countries, non-EU countries such as Russia (-21 %), Japan (-4 %), Canada (-16 %),
Thailand (-4 %) and Brazil (-3 %) also produce fewer paper products under the EU BioDiv scenario.
However, this decrease in production is compensated by other non-EU countries (see Figure 4), so
that in sum, there are only minor leakage effects for paper products.

However, the situation is different for the production of sawnwood and wood-based panels. In the
EU BioDiv scenario, EU production (270 million m3) is 31 % lower than in the projected reference
scenario (392 million m3). At the same time, consumption of these two product groups decreases
by only 4 % to 317 million m3. This is mainly due to the sharp drop in exports, while imports in-
crease. Globally, the production of sawnwood and wood-based panels is 8 % lower, which means
that the discrepancy between a significantly reduced production with only slightly lower consump-
tion of sawnwood and wood-based panels in the EU leads to a shift of production to non-EU coun-
tries. Figure 5 shows that this shift is mainly distributed to the USA (where 32 % of the production
deficit is shifted), Canada (17 %) and Malaysia (5 %).
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Figure 4: Paper and paperboard production in the countries with the greatest positive
changes and the EU: Reference scenario (blue), EU BioDiv scenario (orange) in
2050
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Figure 5: Sawnwood and wood-based panels production in the countries with the great-

est changes and the EU: Reference scenario (blue), EU BioDiv scenario (or-
ange) in 2050
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4 Leakage effects in non-EU countries

4.1 Introduction

In Chapter 3 it was shown that reduced roundwood production in the EU leads to an increased
roundwood production in non-EU countries. Increased roundwood harvesting in countries outside
the EU poses the risk of ecological and socio-economic "leakage" to non-EU countries. This can
have an impact on biological diversity in areas with globally important biodiversity hotspots. It is
therefore necessary to assess the risks that may be associated with increased roundwood produc-
tion in countries outside the EU. These risks can be compared with the corresponding conditions
within the EU. In this context, risks are defined as negative impacts. Increased roundwood produc-
tion in other countries may also involve opportunities. These are also described below.

The aim of this chapter is to assess vulnerability in relation to biological diversity and socio-econ-
omy in those countries outside the EU where increased logging activities can be expected due to
increased forest conservation within the EU.

4.2 Mechanisms of action

A risk assessment (R) per country must take into account both the potential hazard (G) as well as
the vulnerability (V). The term "vulnerability" describes the conditions of an endangered society,
in this case a leakage country, which also determines the impact of the potential hazard in terms
of losses and disruptions (Birkmann 2011). Since risk is generally defined as the product of the
probability of a hazard and its consequences, risk can be considered as a function of the hazard
event and the vulnerability of the elements exposed to the hazard (Birkmann 2011).

The potential hazard of leakage effects is all the greater the more wood has to be produced in
another country to compensate for lower wood production in the EU. It is therefore quantified by
the additional felling volumes. Vulnerability can be illustrated by different indicators per country
for different sectors (see Figure 6). Vulnerability is assessed using indicators on sustainable forest
management (SFM), governance quality, forest condition and deforestation pressure, biodiversity
and socio-economy. It is assumed that SFM and governance represent framework conditions that
have an impact on forests, namely on forest condition on the one hand and on deforestation in
some regions of the world on the other. Forest condition and forest area change have an impact
on biodiversity and socio-economics. In order to make a final risk assessment (R), the values of
individual or aggregated vulnerability indicators (V) are weighted with the additional volumes of
produced roundwood in countries (G) outside the EU (R=V*G).
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Figure 6: [llustration of the underlying mechanisms as a basis for the selection of rele-
vant thematic areas (grey) and individual indicators (blue) to illustrate vulner-
ability

Vulnerability
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Source:  Own presentation, description of the indicators, see Table 1 and Appendix.

4.3 Method

Figures on individual indicators are available primarily through the FAQO's Forest Resources Assess-
ment (FRA) and the UN's Sustainable Development Indicators (Table 1, Appendix). The indicators
are presented for those 37 countries outside the EU, which compensate at least 0.1 % of the impact
reduction within the EU through additional roundwood production (Annex 3). The indicators of
these non-EU countries were compared with the mean values of the indicators for the 27 EU coun-
tries. The indicators were grouped into thematic areas. A detailed description and interpretation
of the individual indicators is given in Annex 4.
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area (%)

Division 2020)

Table 1: Individual indicators used

|
Governance quality Source mpact on Use

governance
Corruption control (2018) (Kaufmann et al. 2010) positive aggregated (Gov.)
Government effectiveness (2018) (Kaufmann et al. 2010) positive aggregated (Gov.)
Regulatory quality (2018) (Kaufmann et al. 2010) positive aggregated (Gov.)
Rule of law (2018) (Kaufmann et al. 2010) positive aggregated (Gov.)
Sustainable forest management (SFM) Effect on SFM
Proportion of forest area under certification (%) (FAO 2020b) positive aggregated (SFM)
Proportion of forest area under a long-term forest .
management plan (%) (FAO 2020b) positive aggregated (SFM)
Share of total roundwood removals coming from .
areas under certification (%) (FAO 2020b) positive aggregated (SFM)
Share of total roundwood removals coming from

FAO 202 iti FM
areas under a long-term management plan (%) (FAO 2020b) positive aggregated (SFM)
. Effect on forest

Forest condition ..

condition

; : *hq-1

Above ground biomass stock in forest (t*ha?l) (FAO 2020b) positive single indicator
(2016)
Proportion of land that is degraded over total land | (United Nations Statistics . . A

negative single indicator

Deforestation pressure

Effect on defor-
estation pressure

Total forest area per capita (ha)

(FAO 2020b; United Nations
Statistics Division 2020)

negative

single indicator

Annual net change rate in forest area (%) (2015-
2020)

(FAO 2020b)

negative

single indicator

Biodiversity conservation

Effect on biodi-
versity

(World Resources Institute

Intact forest landscapes as percentage of forest (%) 2020; Potapov et al. 2017) positive single indicator

Red List Index (2020) I(DL:\:Istli(i zg;ct)l)ons Statistics positive single indicator

Conservation spending in USS per km?2 land area (Waldron et al. 2013) positive a.ggregated (conserva-
tion measures)

Proportion of forest area within legally established (FAO 2020b) ositive aggregated (conserva-

protected areas (%) P tion measures)

. . Impact on socio-

Socio-economic aspects economics

EomlpSonment in forestry and logging (1000 FTE) (FAO 2020a) positive single indicator

Poverty headcount ratio at $1.90 a day (2011 PPP) (World Bank 2020) negative aggregated (poverty

(% of population) latest available year & and inequality)

Giniindex (World Bank estimate) last available year (World Bank 2020) negative aggregated (poverty

(mainly 2016/17)

and inequality)

Source: own compilation

The original data of the individual indicators are recorded on different scales. In order to make
them comparable, the individual indicators were standardized by means of so-called z-score trans-
formation. The mean value for all EU and non-EU countries for the respective indicator was sub-
tracted from the individual values. Thus the mean value for each individual indicator was initially
set to zero. Then, the difference between the respective individual value and the mean value was
divided by the standard deviation. This results in a standard deviation of 1 for each individual indi-
cator.
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To calculate a standardized value x* for an output value x, the following applies:
x* = (x-m)/sd

with

m - average value of the indicator

sd - standard deviation

A standardized value of 1 means that the original value exceeds the mean value by the amount of
the standard deviation. A value of -1 means that the original value is below the mean value by the
amount of the standard deviation. A value of 0 means that the original value of a country is equal
to the mean value of all countries. The standardized values do not lie in a specific interval and can
theoretically assume any value. All individual indicators were first standardized in order to com-
pare them with each other and to be able to aggregate them in principal component analyses
(PCA). PCA is used to check which indicators of a thematic area show a similar direction of impact
and therefore indicate an underlying common cause. Related indicators can then be aggregated
into a common underlying component.

Principal component analyses calculate factors based on linear combinations for multiple variables,
minimizing the variance of these individual variables. Such analyses were conducted for all the-
matic areas. However, for only four areas there was a meaningful underlying component, i.e., in
these thematic areas there were indicators that could be aggregated. In the following, these com-
ponents are called aggregated indicators. For thematic areas, in which no aggregated component
could be identified, non-transformed single indicators were used. Also, within the thematic areas
those individual indicators which could not be aggregated on a component were used separately.
Principal component analysis resulted in aggregated indicators for the following four thematic ar-
eas: (i) governance quality, (ii) SFM, (iii) conservation of biodiversity, and (iv) socio-economic as-
pects (see Table 1). For the first three of the aggregated indicators, higher values indicate an im-
provement, while for the aggregated indicator “poverty and inequality,” higher values indicate a
deterioration of the socio-economic situation.

The differences of the indicator mean values between the EU countries and the countries with
expected leakage effects were tested for significance using t-tests (Stata Statistical Software 2019).
A significance level of 0.1 was used for the tests.
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4.4 Results

4.4.1 Statistical comparison of the mean values

The mean values of the aggregated indicators and the individual indicators were compared for the
37 non-EU countries and the 27 EU countries. Vulnerability was assessed using the unweighted
averages (Table 2, Columns (1) and (2)). For a risk assessment, these averages were weighted with
the additional roundwood production in non-EU countries and with the reduced roundwood pro-
duction in EU countries (Columns (3) and (4)), because the vulnerability of countries with more
additional logging must be given more weight in a risk assessment. Significance tests are statisti-
cally only possible for the unweighted mean values (Table 2, Columns (1)-(2)).

The comparisons show clear and significant differences in vulnerability between the EU and non-
EU countries across almost all indicators. The EU countries show higher mean indicator values for
SFM, governance, Red List Index and conservation measures in all cases. Biomass stock and the
proportion of forests in intact forest landscapes is higher in the 37 non-EU countries. However, if
the countries are weighted by the roundwood production, the EU countries have higher biomass
stock, i.e., wood production would increase on average in countries with lower biomass stock. The
non-EU countries also have a significantly higher share of degraded land area. The non-EU coun-
tries are characterized by significantly more forest area per capita, which could indicate lower de-
forestation pressure (Ferrer Velasco et al. 2020). However, the mean value comparison shows a
significantly higher increase in forest cover in the EU countries. The deforestation pressure is there-
fore lower in the EU, even though less forest is available per capita. The comparison of the socio-
economic aspects shows that the reduction of roundwood production within the EU would in-
crease roundwood production especially in countries with more people employed in the forest
sector and in countries with poorer populations and higher imbalances in the distribution of in-
come and wealth.
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Table 2: Comparison of vulnerability and risk for aggregated and individual indicators be-
tween EU countries and 37 non-EU countries with expected increased round-
wood production

Vulnerability indicators Basis risk assessment
Indicators Mean Average 37 t-test for | Weighted Weighted aver-
value non-EU mean average age
EU-27 countries value EU-27 37 non-EU
compari- countries
son
(1) (2) (1)-(2) (3) (4)
Governance
Governance quality, aggregated 1.15 -0.84 1.99%** 1.50 0.30
Sustainable forest management (SFM)
Sustainable forest management, aggre- 0.64 -0.47 1.11%** 1.20 -0.17
gated
Forest condition
Above ground biomass stock in forest 128.6 143.6 -14.9ns 145.46 111.97
(t/ha)
Proportion of land that is degraded over total 6.5 19.9 -13.3%** 9.23 17.75
land area (%)
Deforestation pressure
Total forest area per head (ha) 0.67 1.66 -0.99** 0.81 2.87
Annual net rate of change in forest area 0.30 -0.02 0.32* 0.12 0.04
(%)
Biodiversity conservation
Intact forest landscapes as percentage of 0.25 13.87 -13.6*** 0 21
forest (%)
Red List Index (2020) 0.94 0.84 0.1%** 0.95 0.87
Conservation measures, aggregated 0.28 -0.22 0.50** 0.02 -0.53
Socio-economic aspects
Employment in forestry and logging (1000 18.4 271.2 -252.8ns 30.9 225.9
FTE)
Poverty and inequality, aggregated -0.66 0.48 -1.13%xx* -0.67 0.23

Source:  Own calculations

* kx kX% pvalues for error probabilities of 0.1, 0.05, 0.01, " not significant. Weighted average: average values weighted according
to the share of the respective country in the total wood production shifted out of the EU (for the 37 leakage countries), or weighted
according to the share in the logging reduction (for EU countries).
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4.4.2 Individual indicators

Figures 7 to 17 show the values of the vulnerability indicators for the 37 non-EU countries com-
pared to the average value of the same indicator for the EU countries. For each indicator, the risk
assessment is also shown in a separate chart. For this purpose, the indicator mean value of the EU
for each country is subtracted from the individual country value and the result is weighted with
the additional roundwood production quantities. For countries with a lower indicator value than
the EU, there is a risk that the additional roundwood production will have negative impacts on
forest condition, biodiversity and socio-economic development. The extent of the risk depends on
the amount of additional logging. The additional logging does not necessarily have to be associated
with risks (negative effects). For example, increased roundwood production can also have positive
socio-economic effects. Chapter 0 contains an interpretation of the risk assessments.

4.4.2.1 Governance quality

The governance vulnerability indicator (Figure 7, top) is lower for most non-EU countries than for
the EU. The USA and Canada are the two countries with a higher governance score compared to
the EU and comparatively high additional roundwood production. For these two countries, the risk
that low governance has negative impacts on SFM, biodiversity and socio-economy is low. This risk
is highest in Russia, Brazil and Ukraine (Figure 7, bottom).
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Figure 7: Country wise vulnerability indicator values for governance compared to the
mean for EU countries (top) and resulting risks (bottom)
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Own calculations. The values for the aggregated governance indicator are derived from principal component analysis. They cannot be
interpreted in the units of the original indicators and are only used for comparison between countries. The values for the risk assessment
are derived from the vulnerability indicator weighted by the additional roundwood production volumes
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4.4.2.2 Sustainable forest management

Figure 8: Country wise vulnerability indicator values for SFM compared to the mean
value for EU countries (top) and resulting risks (bottom)
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Source:  Own calculations. The values for the aggregated SFM indicator are derived from principal component analysis. They cannot be interpreted
in the units of the original indicators and are only used for comparison between countries. The values for the risk assessment are derived
from the vulnerability indicator weighted by the additional roundwood production volumes.

The aggregated indicator for SFM (Figure 8, top) is lower in most non-EU countries than in the EU.
Sustainability is measured by the existence of management plans and forest certification. The in-
dicator does not necessarily indicate the quality of the management plans. If the vulnerability in-
dicators are weighted with the roundwood production, the relatively high proportion of expected
additional roundwood production in the USA, Brazil and Russia means that there is a comparatively
high risk that the additional roundwood volumes will be provided by uncertified forests and to a
lesser extent from forests managed on the basis of long-term management plans as compared to
the EU.



Chapter 4 Leakage effects in non-EU countries 26

4.4.2.3 Forest condition

Figure 9: Country wise biomass stocks in t*ha! compared to the mean value for EU
countries (top) and resulting risks (bottom)
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Source:  Own calculations. The values for the risk assessment are derived from the vulnerability indicator weighted by the additional roundwood
production volumes. They cannot be interpreted in the units of the original indicator and are only used for comparison between coun-

tries.

The vast majority of the countries compared show higher above-ground biomass stocks per hec-
tare than the EU (Figure 9, top). Biomass stocks depend, on the one hand, on the predominant
natural forest types. They are naturally lower in boreal forests of the north than in the tropics. On
the other hand, they are influenced by forest management. Most countries with higher biomass
stocks would only supply very small additional quantities of roundwood, whereas the forests of
most potential main suppliers have lower stocks. The risk of further decreasing biomass stocks
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through increased roundwood production is highest in the United States, Russia and Canada
(Figure 9, bottom).

Figure 10: Country wise proportions of degraded land area in % compared to the average
for the EU countries (top) and resulting risks (bottom)
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Most of the countries with expected higher roundwood production show a significantly higher pro-
portion of degraded land (Figure 10, top). The percentages refer to the respective total country
area and not only to forests. Degradation can result from unsustainable land use and overuse.
(Figure 10, bottom). Since the majority of the additional logging occurs in the USA, Canada and
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Russia, the risk of this additional roundwood production coming from degraded land may also be
higher than in the EU.
4.4.2.4 Deforestation pressure

Figure 11: Country wise deforestation rates in % compared to the average for EU coun-
tries (top) and resulting risks (bottom)
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Source:  Own calculations. The values for the risk assessment are derived from the vulnerability indicator weighted by the additional roundwood
production volumes. They cannot be interpreted in the units of the original indicator and are only used for comparison between coun-

tries.

Half of the non-EU countries show net deforestation, while the other half of the non-EU countries
and the EU show an average increase in forest cover (Figure 11, top). Statistically, the non-EU coun-
tries show on average a higher deforestation rate than the EU (Table 2). The risk of contributing to
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deforestation through additional logging is highest for Brazil, the USA and Canada. For other coun-
tries, such as Turkey, Chile and Ukraine, there are no calculated risks but rather opportunities, since
the forest area in these countries is currently increasing (Figure 11, bottom). Due to the higher
additional roundwood production in countries with net deforestation, the risk of contributing to
deforestation is high. This would not be compensated by the additional felling from countries with
increasing forest area, such as Ukraine, Chile or Turkey.

Figure 12: Country wise forest areas per inhabitant in ha per capita compared to the
mean value for the EU countries (top) and resulting risks (bottom)
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Source:  Own calculations. The values for the risk assessment are derived from the vulnerability indicator weighted by the additional roundwood
production volumes. They cannot be interpreted in the units of the original indicator and are only used for comparison between coun-

tries.

Almost half of the non-EU countries have more forest area per capita than the EU (Figure 12, top).
The indicator provides an indication of population pressure, but provides no information on the



Chapter 4 Leakage effects in non-EU countries 30

extent to which the population actually uses the forest. Accordingly, the forest area is decreasing
in countries like Brazil and not increasing as in the EU (Figure 11, top), although Brazil has much
more forest per capita (Figure 12, top). The total forest area per capita is lowest in India, the Phil-
ippines and Cote d'lvoire with less than 0.11 hectares per capita. Since potential main suppliers
such as the USA, Brazil, Russia and Canada have more forest per capita than the EU, there is no risk
for these countries based on the pure consideration of this indicator (Figure 12, bottom).

4.4.2.5 Biodiversity conservation

Figure 13: Country wise shares of intact forest landscapes in % as a proportion of forest
compared to the mean value for the EU countries (top) and resulting risks (bot-
tom).
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