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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



Summary viii

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.
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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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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)

12
10
8
6
4
2
0 |
T v O ® € T ® O € € U 4 > @©® @ @@ O @ @M ®©® < D € Vv < O @ T 3 > v = @© @ @© @© @© C
5 U 5 0 8 £ € 0O @ 68 c L O H s OB O c 3 s sF=2=2 82z w"oT2ITJE
© = = = o = v o =2 v = £ o w e e > 0
£58s-fs8B Tt 3aEE P 252652823855 E3528
g = ¥ sV 5" >0 2<5uvnsw 8o K o o s g S 3R88&s3G8
= T < N w DO W £ © »n b = £ ° N 2 =] (8]
225 £ = £°¢ =£E 28528 3 3 = 2
£ 23 s S 5] > = o <z (6] H ]
© O A o o ~ [
o v L2 .o = =4
5 E
] =%
s ©
o
1,2
1,0
0,8
0,6
0,4
0,2
0,0
-0,2
T U > ®©® ® C ® N ©® C O T O @ @ 4 ¥ @ S § @ C D @ 5 VY UV UV ® S ©® T > O = © @©
= € U € 5 ® 5 Y 0 8 O c O c g & 0 g B O = & S5 = 0 T [} © = N = ©
2 ¥c288cs58s58c28cc883 Y 2855823835535 ¢8¢8 8¢
£ o © -
220 35§ 8% S 85890 0=<S8 0 [} [ 88638 s =
> s 2% £ Es® PT g PgRE o5 ed=z 32 ©
£ = 5 3 < 02:5>~:|:88 (@] ;;
a o A QO © O ¥ é"ﬂ)
w o v 8 =
g s
Q =%
=} ©
o

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
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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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Source:  Own calculations. The values for the risk assessment are derived from the vulnerability indicator weighted by the additional roundwood
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tries.
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A total of 25 out of the 37 non-EU countries still have intact forest landscapes. (Figure 13, top).
Intact forest landscapes are defined as seamlessly connected forests of at least 500 km? with nat-
ural biodiversity (Potapov et al. 2017). On average, 14 % of the forests in the 37 non-EU countries
are still located in intact forest landscapes. The 25 non-EU countries with intact forest landscapes
lost on average 11 % of these forest areas in the years 2000 — 2013 (not depicted). In the EU in
2000, only Finland, Sweden and Romania had comparatively small intact forest landscapes. In
2013, these areas had already disappeared in Romania. Since the additional logging would take
place mainly in Canada, the USA, Russia and Brazil, where intact forest areas still exist, the risk of
reducing the proportion of intact forest areas is higher than in the EU. It would therefore be nec-
essary to ensure that this does not happen (Figure 13, bottom).

Figure 14: Country wise Red List Index 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.
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The Red List Index shows the threat of extinction of species. Based on the Red Lists, the risk of
extinction as an aggregated value is calculated for different species groups. A theoretical value of
1 means that there is no risk of extinction. This risk is higher in 30 of the 37 non-EU countries than
in the EU (Figure 14, top). Since a large proportion of the increased roundwood production would
take place in the US, where the risk of extinction is higher than in the EU, it would need to be
ensured that the increased roundwood production does not increase the risk of extinction (Figure
14, bottom). When interpreting the data, however, it must be kept in mind that the underlying
data quality is estimated to be lower in many tropical countries (Collen et al. 2008). The risk could
therefore be underestimated, especially for tropical countries with relatively high additional log-
ging, such as Brazil and Malaysia.

Figure 15: Country wise protective measures 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 aggregated protective measures indicator are derived from the 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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The aggregated indicator for conservation measures contains information on the proportion of
forest areas in protected areas and on the expenditures of the countries for the conservation of
biodiversity. For most non-EU countries, the indicator value is below that of the EU (Figure 15, top).
While the EU countries spend on average USD 1,750 per km? on biodiversity conservation and 22 %
of forest areas have protected area status, non-EU countries spend on average USD 290 and have
protected 19 % of forest areas (not depicted). Of the countries with comparatively high additional
roundwood production, Brazil and Indonesia have higher values than the EU. Brazil has reported
30 % and Indonesia 54 % of the forest area as protected to the FAO. However, spending on biodi-
versity conservation is lower in both countries than in the EU. If the indicator values are weighted
with the additional roundwood production, the overall risks clearly outweigh potential benefits,
because countries with the highest additional felling volumes - the USA, Russia and Canada - have
both protected significantly lower proportions of forest areas and at the same time spend less
money per km? of land area on biodiversity conservation (Figure 15, bottom).
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4.4.2.6 Socio-economic aspects

Figure 16: Country wise number of people employed in forestry and logging in 1.000 FTE
compared to the average for the EU countries (top) and resulting risks (bot-
tom)
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Source:  Own calculations. Extreme values for China (1147) and India (6242) are not shown. 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 are only used for comparison between countries.

In most countries, more people are employed in forestry and logging than in the EU (Figure 16,
top). However, this indicator only relates to formally reported employment. It does not reflect the
importance of informal employment in the forestry sector of developing countries. Further anal-
yses based on secondary literature could provide further insight here. In any case, increased round-
wood production would not pose a risk but rather an opportunity for increasing employment in
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forestry and logging activities in the countries concerned at the expense of decreased employment

in the EU.
Figure 17: Country wise indicator values for poverty and inequality 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 aggregated poverty and inequality indicator are derived from the 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.

Increased export-oriented logging can lead to increased poverty and unequal living conditions if it
deprives the local population of livelihoods in countries with high subsistence agriculture. How-
ever, it can also promote prosperity if it is implemented sustainably and the population benefits
through economic development. Only four of the countries compared have lower poverty and/or
inequality in income and wealth than the EU (Figure 17, top). The risk assessment shows the high-
est values for the USA, Brazil and Russia (Figure 17, bottom). In these countries, special care would
need to be taken to ensure that higher logging does not promote poverty and/or inequality.
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4.5 Summary and evaluation of leakage effects in non-EU countries

Vulnerability

On average, the EU has significantly higher values for almost all indicators and thus lower vul-
nerability than the non-EU countries that would compensate further protection in the EU by
more roundwood production.

Protection of biodiversity hotspots and endangered species is a core concern of the EU BioDiv
strategy. The expected additional production would be shifted to countries that have a signifi-
cantly higher proportion of intact forest areas compared to the EU, but already have lost sig-
nificant amounts of these areas in recent years. Moreover, the risk of species extinction is sig-
nificantly higher in non-EU countries than in the EU. The non-EU countries have placed signifi-
cantly lower proportions of forest areas under protection and spend less money on the conser-
vation of biodiversity than the EU countries. Further protection measures in the EU would fur-
ther increase the discrepancy to the protection measures of other countries.

Non-EU countries also have lower SFM and governance indicators than the EU and are charac-
terized by higher deforestation rates. However, a few countries also have higher values.

Many of the countries concerned have higher biomass stocks per hectare and thus possibly
greater buffer capacities than the EU. However, the most affected countries have lower stocks.
Most of the countries show higher shares of already degraded land area. Either this could indi-
cate a further threat or a potential for promoting afforestation measures to buffer pressure on
natural forests.

In most non-EU countries, more people are employed in the forest sector than in the EU. The
figure is reported to the FAO in absolute employment figures and is therefore higher for large
and forest-rich countries, on the one hand. On the other hand, it can also indicate higher mech-
anization in the EU. Beyond that, however, a possible shift of potential for bio-economic devel-
opment from the EU to non-EU countries needs to be taken into account. Most of the countries
are characterized by higher inequality indicators than the EU. For particularly poor countries,
this could mean an opportunity to benefit from potential job creation, but on the other hand
also the risk of displacement effects for often subsistence-based income groups.

Risk Assessment

Further protection of forest areas in the EU, with the associated shift of roundwood production
to other countries, bears the risk of transferring negative effects to other countries, most of
which are already characterized by higher vulnerability. This applies in particular to aspects of
biodiversity. The positive biodiversity effects in the EU due to additional protection are coun-
teracted by negative effects in non-EU countries.

Countries with high additional roundwood production and high vulnerability are in the focus of
the risk assessment. European policy measures should focus particularly on these countries in
order to buffer potential leakage effects.
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= In most countries, there is a risk that endangered species and intact forest areas will become
more endangered. Due to the higher roundwood production on the one hand, and higher vul-
nerability compared to the EU on the other hand, intact forest areas in Canada, the USA, Russia,
but also Brazil and Chile could be affected.

= Due to the already lower forest biomass, higher fellings, especially in the USA, Russia and Can-
ada, can be buffered less effectively. In the USA, Brazil, Canada and India, there is a risk that
compared to the EU a higher proportion of additional logging will occur on degraded land. In
Brazil and Russia, two countries with a large share of additional logging, the governance indi-
cators are significantly lower than in Europe. A comparatively large amount of additional log-
ging would occur in forest areas without certification and a long-term management plan. Spe-
cifically in Brazil, the USA and Russia there are lower proportions of forests under management
plans or certification schemes. In order to avoid leakage effects, improved governance and SFM
should be promoted before new areas are afforested or existing forests are more intensively
managed, especially in these countries.

= Particularly in Brazil, USA, Canada, Malaysia, and to a lesser extent in Indonesia and Russia,
there is a risk that the already higher net deforestation compared to the EU could be exacer-
bated by increased roundwood production. Potential risks of forest area losses in these coun-
tries are only partially offset by possible increases in reforestation in Ukraine, Chile, Turkey,
China and India.

= The USA, Russia, Brazil, Turkey, Canada and Chile are the main countries that can benefit from
changes in employment in the forestry sector. This is a consequence of the higher expected
roundwood production in these countries. In Europe, jobs in the forest management sector
would be lost as a result of reduced roundwood production.

= Specifically in the USA, Brazil, Russia, India, Canada and Malaysia it has to be ensured that neg-
ative social effects and unequal distribution of income are not exacerbated through the imple-
mentation of EU policy.
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5 Discussion and conclusions

The aim of the present study is, on the one hand, to quantitatively assess possible leakage effects
and, on the other hand, to qualitatively evaluate possible negative impacts on forestry in the af-
fected non-EU countries as a consequence of an implementation of the EU BioDiv strategy in Eu-
rope. In a first step, a scenario for the implementation of the EU BioDiv strategy is used to estimate
the extent to which a reduction in the EU's roundwood production could occur. Based on this, a
global timber market model is used to calculate how global markets for roundwood and wood
products could change and to which non-EU countries the production of roundwood could shift.
Finally, the vulnerability and risk of these non-EU countries for a resulting less sustainable forest
management is assessed.

5.1 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 following measures were examined:

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

Since the authors were not able to obtain information on forest condition, forest development,
future roundwood supply and implementation of nature conservation measures in the EU member
states in the short term, an assessment of the effect of the measures on roundwood supply in the
EU was made on the basis of an impact assessment for Germany. In a first step, three different
national implementation scenarios (set-aside, old-growth forest and habitat scenario) were devel-
oped based on the main nature conservation measures defined and proposed by the EU biodiver-
sity strategy. In a second step, these isolated scenarios were integrated into an overall scenario.
To estimate possible impacts of the implementation of these measures on the roundwood supply
of the EU as a whole, reduction factors for the potential roundwood production were calculated
for Germany. These factors were then transferred to the actual roundwood production of the other
EU member states, which was then extrapolated into the future. Central data sources for these
calculations were the BWI 2012, the WEHAM baseline scenario 2012 and FAO data on the round-
wood production of the EU-27.

Development of implementation scenarios for the EU BioDiv strategy

The target definitions in the EU BioDiv strategy (COM 2020, p.5) leave room for interpretation. The
first objective of legally protecting at least 30 % land and sea area does not specify the degree or
type of protection status these areas must formally be subjected to. According to Polley, p. 75
(2009), already in 2002, 67 % of Germany's forest area was subject to one or more nature conser-
vation law categories, if national parks, biosphere reserves, nature reserves, Natura 2000 areas,
nature parks and landscape protection areas are taken into account. The nature conservation re-



Chapter 5 Discussion and conclusions 39

quirements of the different categories range from the preservation of the (forest) cultural land-
scape with marginal effects on roundwood production to the protection of natural processes re-
sulting in a complete end to roundwood production. For a successful implementation of the EU
biodiversity strategy, minimum requirements for the legal protection status should be defined and
communicated. In the habitats scenario, nature conservation requirements for the preservation of
forest habitat types were assumed, which continue to allow forestry management and signifi-
cantly, but not seriously, restrict roundwood production. The assumption that 30 % of the forest
area is covered by management requirements under the Habitats Directive seems moderate, since
the EU biodiversity strategy requires at least 3 % of the land area of the EU. In reality, forest areas
are likely to account for a comparatively high share of protected terrestrial area, as settlement and
infrastructure areas (as part of the EU's land area) cannot be designated as protected.

The second objective of strictly protecting “all remaining primary and primeval forests”, i.e. so-
called “old-growth forests”, also leaves room for interpretation. The EU biodiversity strategy ex-
plains that "[...] strict protection [...] does not necessarily mean that the area is closed to humans,
but leaves natural processes essentially undisturbed to respect the areas’ ecological requirements
(COM 2020p. 4). Thus, in the set-aside scenario, forest areas were designated in the sense of the
"National Strategy on Biological Diversity (NBS)" according to the criteria of a "natural forest de-
velopment (NWE)". The set-aside scenario aims at the protection of natural processes and includes
all tree species and age classes. According to the EU biodiversity strategy process conservation is
to take place in the strictly protected areas. This will also lead to the designation of comparatively
large shares of forest area as compared to other land use types (conservation of natural processes
in Germany's agricultural landscape is also likely to lead to forest development and thus to an in-
crease in forest area, mainly as a result of natural succession (Elsasser 2008)). This specification
implies an end to roundwood production and other forestry measures, but also of active nature
conservation and landscape management measures to preserve protected goods. Accordingly,
these strictly protected areas cannot be designated in forests under the Habitats Directive, since
numerous forest habitat types (e.g., secondary oak habitat types*') can only be preserved through
active measures. In addition, climate change is likely to make active measures to preserve forest
habitats increasingly necessary. Due to the long development cycles of forest ecosystems, it can
be further deduced that with a strict protection status all forest development phases must be in-
volved in balanced proportions to protect undisturbed natural processes. An exclusive focus on the
later stages of forest ecosystem development, which are particularly valuable from a nature con-
servation perspective, would only represent partial aspects of the natural processes of forest eco-
systems.

Furthermore, primary forests are largely absent in the cultural landscape of Germany and many
other EU member states (Sabatini et al. 2018). The EU BioDiv strategy gives the impression that
"old-growth forests" are to be regarded as "replacement biotopes" for the non-existent primary
forests in many EU member states. Since there is no uniform EU definition for "old-growth forests"
and a large number of related terms are used at EU level, an understanding of "old-growth forests"

11 Secondary forests are forests in which the main tree species, although adapted to the sites, is not competitive and can
only be maintained by special constant forestry management.
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as forests in later stages of stand development has been followed here. In the "old-growth forest
scenario for Germany" all age groups above the usual production periods of the tree species groups
were therefore assigned to "old-growth forests". Due to our own assumptions on the average pro-
duction times of the tree species groups, a higher proportion is allocated to the coniferous forest
area. From a nature conservation point of view, a higher proportion of deciduous trees in Germany
would be desirable. According to this assumption for the total protection of "old-growth forests",
12 % of the forest area, would no longer be available for the production of roundwood.

Moreover, the second objective of the EU Biodiversity strategy of strictly protecting one third of
all of EU’s protected area does not specify if strict protection refers to the targeted 30 % overall
protected area or the actual protected area (one third of the 30 % or more protected area would
mean, for example, 10 % strictly protected area, while one third of the 67 % of the actually pro-
tected forest areas in Germany (Polley 2009) would result in 20 % strictly protected area).

In the habitats scenario, only age classes within the usual production times are designated as pro-
tected areas in order to avoid overlapping with "old-growth forests". This may lead to underesti-
mating the reduction of roundwood production in forests managed under the Habitats Directive,
as the proportion of old-growth forests is likely to be underrepresented.

In the German BioDiv scenario, area double counting of the upper age classes in the old-growth
forest scenario and in the set-aside scenario were adjusted. Thereby old-growth forests are under-
represented in the German BioDiv scenario, causing an underestimation of the negative effects on
roundwood production. In the scenario 20.9 % of the total forest area is designated as set-aside
and old-growth forests area.

Federal Forest Inventory 2012 and WEHAM baseline scenario 2012

The current level of forest nature conservation was calculated based on BWI 2012 and WEHAM
baseline scenario 2012 data. It was assumed that conservation measures derived from the strate-
gic EU biodiversity objectives would be implemented only on accessible and stocked forest area
covering 10,627,513 ha. However, conservation measures can potentially be implemented on the
total German forest area that includes non-accessible and unstocked forest areas and amounts to
11,419,124 ha. In the latter case, the presented reduction in roundwood production would be
overestimated as the implementation of conservation measures would then affect a smaller area
under forest management and roundwood production.

Furthermore, used data sources reference on the year 2012. Since then, forest area under "natural
forest development" has increased (Engel et al. 2016: 46)*?, and some forest enterprises may also
have integrated additional biodiversity conservation measures into their management concepts.
Therefore, the actual initial level of forest conservation may have been underestimated and the

12 According to the definition of "natural forest development (NWE)" of the NWES5 research project, a NWE area of 213,145
ha or 1.9 % of the total forest area was determined for the year 2013 (according to the company's own area basis, this
would correspond to 2.01 %). A NWE share of 2.3 % was expected by 2020 and 3 % for the period immediately thereafter
(Engel et al. 2016: 46).
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additional measures required to implement the EU Biodiversity strategy may have been overesti-
mated. As a result, the decline in potential roundwood production is also likely to be overesti-
mated.

In the previous WEHAM baseline scenario 2002, the actual fellings of coniferous trees were un-
derestimated, while the actual fellings of deciduous trees were overestimated (Schmitz et al.
2005; BWI 2012). Since the WEHAM baseline scenarios represent in particular a forest treatment
according to the forest policy objectives of the federal states, this over- and underestimation also
apply to the WEHAM Baseline Scenario 2012. Thus, roundwood supply reduction caused by the
implementation of the EU Biodiversity strategy may be underestimated for coniferous species
and overestimated for deciduous species.

It should also be noted that the WEHAM baseline scenario 2012 is not sensitive to climatic changes
and does not take into account forest conversion. In addition, forest damages caused by extreme
weather and bark beetle infestations since 2018 in Germany are not considered in the forest con-
dition and potential roundwood supply. In particular, spruce is strongly affected and roundwood
supply is likely to decrease in the future.

The EU Biodiversity strategy aims to increase the percentage of protected areas and the level of
protection for forest biodiversity in those areas. The associated decline in roundwood supply could
theoretically be compensated by intensifying roundwood production at the remaining areas
(within certain limits). This option was not considered in the presented study and is also likely to
result in ecological leakage effects within the EU.

Transfer to the EU-27

The reduction factors calculated for Germany on the potential roundwood supply were transferred
to the roundwood supply of the other EU member states. Whether the forest structures, forest
treatment and forest nature conservation concepts in Germany can approximate the EU average
value could not be examined in the short term. At least on the level of individual EU member states,
a significant change in the decline in roundwood supply can be expected as a result of the chosen
procedure.

The FAO data on the roundwood production of the EU-27 were constantly extrapolated into the
future with the (historical) multi-year mean values 2015 — 2018 and reduced by the factors calcu-
lated for Germany. This reduced roundwood supply of the EU-27 served as a limit in the following
market modeling of the EU BioDiv scenario, which is an exogenous limitation that influences the
market equilibrium. In the GFPM, roundwood demand is met in accordance with these settings,
depending on the respective prices from both national and international supplies.

While the extrapolated, actual roundwood production of the EU-27 in the multi-year average 2015
to 2018 is 473 million m3/a according to FAO data, the EFSOS Il reference scenario shows a poten-
tial roundwood supply for the EU-27 ("Fellings on FAWS" - forests available for wood supply) of
509 million m3/a (2020) and 526 million m3/a (2030) (UNECE and FAO 2011). This deviation can be
explained by the fact that the EFSOS Il scenario shows a potential, whereas the FAO data express
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the actual roundwood production of the past. The magnitude of the deviations shows that the
assumed roundwood production in the EU BioDiv scenario are already close to the potential wood
roundwood production in the EU. Nevertheless, the biological production limit could be underes-
timated by extrapolating the historical FAO data on the actual roundwood supply.

For Germany, too, the potential roundwood supply is higher than the actual roundwood supply of
the past. While the FAO data for Germany show an actual roundwood supply of 68 million m3/a on
average for the years 2015 to 2018, the potential roundwood supply of the WEHAM baseline sce-
nario 2012 amounts to 77 million m3/a for the simulation period 2018 to 2032. The EFSOS Il refer-
ence scenario for Germany is again slightly higher with 80 million m3/a for the simulation period
2020 to 2030.

Likewise, the historical distribution of the total roundwood production in the EU-27 between the
roundwood assortments of industrially used roundwood and firewood was assumed to remain un-
changed in the future. In the event of a significant shortage of roundwood due to the implemen-
tation of the EU Biodiversity strategy, these proportions could shift towards material use.

5.2 Reduction of the roundwood volume in the EU through nature conser-
vation scenarios

Based on a projected future roundwood production of about 77 million m3/a in Germany in the
WEHAM baseline scenario 2012, an increase in the set-aside area from 1.67 % to 10 % of the pro-
ductive forest area results in a reduction of the total roundwood production of 6 million m3/a for
the period 2018 to 2052. In the old-growth scenario, roundwood supply is reduced by 18 million
m3/a. The comparison of both scenarios allows the conclusion that if old-growth forests are not
used, particularly high opportunity costs for raw wood production arise in the medium term. It
should also be taken into account that the protection of old-growth forests places a disproportion-
ate burden on the forestry operations, since the economic value is often not evenly distributed
across the age classes, but accumulates in old forest stands.

In the habitats scenario, the potential roundwood supply is reduced by a total of 1 million m3/a.
The integrated implementation of the three nature conservation measures reduces the potential
roundwood supply by a total of 24 million m3/a, of which 7 million m3/a are hardwood and 17
million m3/a softwood. Based on the roundwood potential of the WEHAM baseline scenario 2012
of 77 million m3/a ,the domestic roundwood supply would be reduced to 53 million m3/a or 69 %
of the average for the period 2018 to 2052.

For an impact assessment of the implementation of the EU Biodiversity strategy, reduction factors
derived from these results for Germany were transferred to the other EU member states. Based
on a total roundwood supply of 473 million m3 in the EU-27 in the multi-year average 2015 — 2018,
the roundwood supply would be reduced by 149 million m3 to 324 million m3 in 2050 after imple-
mentation of the EU Biodiversity strategy.
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Summarizing, there are both reasons to consider the calculated reduction of the roundwood supply
within the EU as overestimation and to consider it as underestimation. For example, although
doublecounted areas in the set-aside and the old-growth forests scenarios have been adjusted, in
the habitats scenario protected areas are distributed exclusively over the remaining forest area.
Including the already protected areas (old-growth and set-aside) in the 30 % requirement would
have mitigated the decline in roundwood production. However, the decision on the "right"
allocation of protected areas has not yet been made, and the result thus shows policymakers
options for implementing the EU biodiversity strategy as efficiently as possible, i.e., with as little
reductions of roundwood production as possible.

On the other hand, the present results are not a maximum scenario, since the exact definition of
"old-growth forests" determines to a large extent how high the decline in roundwood production
will be. The threshold value set here by main tree species groups can be set even lower in the
further discussion by the protagonists of the EU BioDiv strategy, with a correspondingly higher
decrease in roundwood production.

5.3 Quantification of leakage effects outside the EU

The scenario developed in Chapter Ofor a possible reduction of the roundwood volume when im-
plementing the EU biodiversity strategy, was compared with a reference scenario in the market
modeling (Chapter 3). Since 1991 the actual roundwood production has been characterized by a
continuous growth. In the reference scenario calculated here, this dynamic is continued over the
simulation period. Developments in demand, but also in supply in non-EU countries and interna-
tional trade developments are simulated simultaneously. Accordingly, withdrawals in the refer-
ence scenario until 2019 develop very similar to the data actually reported by the FAO (FAO 2020a).
Furthermore, the reference scenario describes the development of the market for the next dec-
ades without any restriction of the roundwood production in the EU by the EU biodiversity strat-

egy.

The goal of the market modeling was to show possible shifts in the international supply situation
due to a reduction of roundwood extraction in the EU-27 with the help of a partial global equilib-
rium model. For this purpose, the quantities calculated in Chapter Ofor the roundwood supply of
the EU-27 for the years 2020 to 2050 were transferred into the global timber market model as
exogenous production potential. The estimation of the roundwood potential in Chapter Obased on
the multi-year average (2015 — 2018) of roundwood production reported by the FAO (FAO 2020a).
For the base year, the estimates in Chapter 2 show a 31 % reduction in roundwood production for
Germany. In the EU biodiversity strategy, this reduced quantity for roundwood is constantly ex-
trapolated to the year 2050 by the wood volume estimate. Since the available roundwood quanti-
ties estimated in Chapter Owere naturally lower than the current roundwood production reported
by the FAOQ, this production potential from the beginning of the simulation period in the model
functioned as an exogenous production cap in the EU BioDiv scenario.
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At the beginning of the simulation period, the measured leakage (31 % reduction in roundwood
removals) is lower than the leakage measured in the reference scenario at the end of the simula-
tion period (about 40 % reduction in roundwood removals). This percentage is to be understood
as a projected deficit in roundwood production. The growing gap between the scenarios also re-
sults from the fact that the dynamic reference scenario in the EU BioDiv scenario is contrasted with
an almost constant roundwood production, and thus no development of forest production will
take place on the managed areas. The assumption of constant roundwood production in the EU
BioDiv scenario is mainly the result of the fact that the estimation of the roundwood supply for
Germany does not show a growth path for roundwood production. This result was transferred to
the other EU member states in Chapter 2. Due to the assumed stagnation of the area production
in the EU BioDiv scenario, compared to the dynamic development in the reference scenario, an
overestimation of the leakage in the present study could have occurred, depending on the strict-
ness of the future version of the Habitats Directive’s forest management regulations.

By comparing the EU BioDiv scenario with the reference scenario, possible market shifts caused by
the European supply shortage are highlighted. It becomes clear that the components of the leakage
effects shift over the different decades of the simulation. Particularly at the beginning of the sim-
ulation period, when the effects of the reduced roundwood supply in the EU-27 will become ap-
parent for the first time, an increased abandonment of the use of the raw material wood can be
observed. In the further course of the simulation, the renunciation of consumption of wood in the
EU-27 decreases as production in non-EU countries becomes more and more competitive, thus
meeting the demand for wood products in the EU-27. The fact that the competitiveness of non-EU
countries in the EU BioDiv scenario is constantly increasing is due, among other things, to the
strong and persistent roundwood shortage in the EU-27 countries. This creates a gap between
roundwood demand and supply, which continuously increases roundwood prices in the EU-27 and
thus makes products from overseas (despite high costs due to transport) more attractive for the
EU market. A similar effect can be observed currently in North America. Here, the prices for sawn
softwood are rising very strongly, because the demand for building houses clearly exceeds the cur-
rently possible production (EUWID 2020). If this situation persisted, exports to North America
would become increasingly attractive due to the high prices.

Since the estimation of the roundwood quantities resulting from Chapter 2 means a very strong
reduction of the roundwood production in the EU-27, which could not be observed in its history so
far (FAO 2020a), a further investigation of alternative scenarios and the performance of a sensitiv-
ity analysis seems to be useful. In addition to various, lower reduction rates of roundwood produc-
tion, a dynamic, country-specific investigation of forest development and the associated potential
roundwood supply, in which the implementation of the EU biodiversity strategy is determined in-
dividually for each member country, would be a desirable extension. It is probable that the imple-
mentation of the EU biodiversity strategy would have different effects on the timber market due
to the different forest resources of the individual EU member states. Also the intensity of the
roundwood extraction on the productive areas would probably be different. Consequently, the
roundwood production as well as the production, trade and consumption of wood products would
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develop different dynamics in the countries. In such alternative scenarios, for example, smaller
volume effects could arise, which would then have a direct influence on the price development.
For example, a lower roundwood shortage in the EU-27 could lead to a lower price increase for
roundwood compared to the scenario used here. This in turn could make transport from more
distant non-EU countries less economical, so that the shift effects could focus more on closer non-
EU countries with lower transport costs. These market changes do not necessarily have to be linear,
as they depend on the interaction of prices and costs. If, for example, the production of roundwood
in an alternative scenario were to be only 15 % below the reference level throughout the EU, this
would not necessarily lead to proportional effects in the same order of magnitude in the non-EU
countries identified so far; rather, structural changes in market activity could also occur. Such struc-
tural changes could then not only shift the level of leakage and the country ranking, but presumably
also change the country composition.

No bilateral trade flows are simulated in the version of GFPM used here. Thus, no direct trade shifts
or leakage effects between individual countries can be shown, but only as aggregates. The calcu-
lation of bilateral trade flows to quantify direct leakage effects would provide a good basis for
assessing political options for action to reduce leakage.

When interpreting the results from the partial equilibrium model, it must also be borne in mind
that production and demand developments in particular, both for the entire reference scenario
and for the EU BioDiv scenario, are influenced by exogenous projections of global income and pop-
ulation trends. The model version used here is based on the dynamic economic growth rates of
IPCC scenario Al (Nakicenovic et al. 2000). An adjustment of these developments has been made
in the recently published SSP scenarios (The Shared Socioeconomic Pathways, O’Neill et al. 2014).
The results on the leakage effects resulting from the implementation of the EU BioDiv strategy
would probably be different when using a current SSP scenario. It is not possible to make a con-
crete a priori assessment of what form this would be. However, the composition of the non-EU
countries in which increased roundwood production is evident could change depending on new
income projections.

5.4 Vulnerability and risk assessment

The interdependencies (Figure 6) were illustrated by means of a concept developed for the study,
which places individual thematic areas in a logical context. The list of vulnerability indicators char-
acterizing these thematic areas is based on publicly available data sets. The concept can be ex-
tended for further questions and would then have to consider additional indicators. The selection
of the compared indicators is also determined by data availability. Only indicators that are globally
available could be used. For example, the thematic area of biodiversity conservation contains only
two forest-specific indicators. There is further information on endangered forest species (Bubb et
al. 2009) or the "biological intactness" of forests (UNEP-WCMC and Natural History Museum 2016).
However, respective indicators would first have to be evaluated and aggregated in additional stud-
ies at country level. An updated list of threatened tree species is currently being compiled
(https://globaltrees.org/threatened-trees/red-list/). There is no globally comparable indicator for
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the socio-economic impacts of wood use. Furthermore, there is no comparable data on formal and
informal employment in the forest sector. Further data could be compiled and could possibly in-
fluence the results. However within this study, several indicators per thematic area have already
been tested to provide a consolidated and consistent basis, especially for comparison between the
EU and non-EU countries.

All calculations are based on country wise data. A sub-national view, which takes into account the
vulnerability and risks of the actually affected areas, is not possible with globally available data.
While it would be possible to spatially determine the theoretically new protected areas in the EU,
there is no information on which areas and under which conditions the additional roundwood
would be produced in the non-EU countries. Moreover, even if the relevant areas were known,
there would be no comparable indicator values on the sub-national level.

In order to include as many countries as possible, countries with at least 0.1 % of the total addi-
tional impact in non-EU countries were selected as countries for comparison. The relative change
in roundwood production within the individual countries was not taken into account. In countries
with high relative change, however, the additional pressure on forests would be particularly high.
Of all non-EU countries not considered, only Saudi Arabia shows a calculated relative change in
roundwood production of more than 20 %. However, absolute roundwood production is extremely
low here. In addition, the selected countries realize 99 % of the additional roundwood production.

The results presented do not include any prediction of how the implementation of the EU biodi-
versity strategy will affect biodiversity conservation in non-EU countries. The current evaluation
merely indicates which countries, based on the selected indicators, are likely to be exposed to a
higher risk of biodiversity loss compared to the EU. Furthermore, the socio-economic aspects in
the countries are analyzed in order to gain first clues about further side effects of the implemen-
tation of the EU biodiversity strategy. A more detailed analysis of the individual countries with the
highest potential risk would be necessary to better understand the underlying mechanisms. This
would allow policy approaches to be adapted to the specific country context, but would require
additional data from individual sectors and regions within the countries.

Individual PCAs were calculated for the indicators of individual thematic areas. However, alterna-
tive analytical approaches are also possible. For example, a PCA could be calculated with all indi-
cators without prior definition of thematic areas, with the goal of classifying new categories based
on the resulting main components.

The future forecasts are based on projections of the timber market. In contrast, the future vulner-
ability indicators could not be predicted, because it is not possible to model the indicator values
for future years without specific extensive research. Therefore current indicator values were com-
pared with additional logging in the future.

Risk estimates are based on the multiplication of vulnerability indicators and additional timber vol-
ume. For the risk estimation it was assumed that the risk increases linearly with the additional
roundwood volume. In reality, the function could also be non-linear and thus lead to higher or
lower risk values. However, this would not affect the comparability between countries and regions.
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The results show a relative comparison between countries. An absolute quantification of the risk
is not possible.

The current risk assessment has been based on the leakage of roundwood production (as a differ-
ence of reference scenario and EU BioDiv scenario). A separate calculation of risk indicators sepa-
rately for the reference scenario and the EU BioDiv scenario at different times in 2020/2050 would
also be possible.

Vulnerability and risk assessments with more comprehensive sets of indicators supplemented by
statistical methods might improve the robustness of the results, but require more time.
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Annex 1 Impact decrease Al

1 Impact decrease

Table 3: DE BioDiv Scenario: area balance

68.735 93.501 122.590 163.810 139.047 155.607 144.663 122.725 119.029 1.129.706
547.422 580.208 632.208 556.572 393.484 304.711 238.472 193.351 151.125 3.597.554
616.157 673.709 754.798 720.382 532.531 460.319 383.136 316.076 270.155 4.727.260
359.362 583.734 806.360 460.358 422.241 285.870 129.038 68.926 47.690 3.163.580

91.314 373.549 667.000 529.923 434.421 343.112 181.045 83.984 32.324 2.736.673
450.677 957.284 1.473.360 990.281 856.662 628.982 310.083 152.910 80.014 5.900.253

1.066.834 1.630.992 2.228.158 1.710.663 1.389.192 1.089.301 693.219 468.986 350.169 10.627.513

91.232 93.709 96.617 100.739 98.263 99.919 98.825 96.631 119.029 894.965
366.830 370.109 375.309 367.745 351.436 342.559 335.935 193.351 151.125 2.854.399
458.062 463.817 471.926 468.484 449.699 442.478 434.760 289.982 270.155 3.749.363

71.267 93.704 115.967 81.367 77.555 285.870 129.038 68.926 47.690 971.385

34.484 62.708 92.053 78.345 68.795 59.664 181.045 83.984 32.324 693.402
105.752 156.412 208.020 159.712 146.350 345.534 310.083 152.910 80.014 1.664.788
563.813 620.229 679.946 628.196 596.049 788.013 744.843 442.892 350.169 5.414.151

-22.497 -208 25.973 63.070 40.783 55.688 0 234.742
180.592 210.099 256.899 188.827 42.048 -37.848 -97.463 0 0 743.155
158.095 209.892 282.872 251.897 82.831 17.841 -51.624 26.094 0 977.897
288.095 490.030 690.393 378.991 344.686 0 0 0 0 2.192.195

56.830 310.842 574.947 451.578 365.626 283.448 0 0 0 2.043.270
344.925 800.872 1.265.340 830.569 710.312 283.448 0 0 0 4.235.465
503.021 1.010.763 1.548.212 1.082.466 793.143 301.288 -51.624 26.094 0 5.213.363

Source:  Own calculations
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Table 4 DE BioDiv Scenario: roundwood balance

Source:  Own calculations
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2 Quantification of leakage

Table 5: Total scenario for Europe: Total roundwood
e It Code Element  Area  Unit FAO Historisch Mittelwert 2015-2018_
2015 2016 2017 2018 [m?] [%]
Austria m3  17.549.526  16.763.033  17.647.118  19.192.060 17.787.934 100% 12.286.650 12.242.491 12.205.979 12.182.480
Belgium m3 5.412.140  5.412.140  5.412.140  5.212.140  5.362.140 100% 3.703.788 3.690.476 3.679.470  3.672.386
Bulgaria m3 6.372.102  6.409.662 6.405.268  6.529.115  6.429.037 100% 4.440.725 4.424.765 4.411.568  4.403.075
Croatia m3 5.178.471  5.165.279  5.307.125  5.19.722  5317.649 100% 3.673.057 3.659.856 3.648.941 3.641.916
Eyprus m3
Czechia m3  16.163.000 17.617.000  19.387.000  25.689.000  19.714.000 100% 13.617.041 13.568.099 13.527.635 13.501.591
Denmark m3 4311300  3.842.100  3.842.100  3.842.100  3.959.400 100% 2.734.874 2.725.045 2.716.918 2.711.687
Estonia m3 9.515.031  10.218.940  9.947.728  11.452.000  10.283.425 100% 7.103.064 7.077.535 7.056.428  7.042.843
Finland m3  59.410.884  61.433.874  63.279.358  68.289.165  63.103.320 100% 43.587.323 43.430.665 43.301.140 43.217.777
France m3  51.005.348 51.228.506  49.769.664  49.381.975  50.346.373  100% 34.775.724 34.650.735 34.547.395 34.480.885
Germany m3  68.999.000 66.179.000  65.717.000  71.802.000 68.174.250 100% 47.089.963 46.920.716 46.780.783 46.690.721
B _ Greece m3 1.432.000  1.432.000 1.432.000 1.432.000 1.432.000  100% 989.125 985.570 982.630 980.739
S < S Hungary m3 5.743.969  5.586.169  5.586.169  5.673.180  5.647.372 100% 3.900.806 3.886.786 3.875.194 3.867.734
§ & 3 lreland m3 2.907.990  3.050.423 2.944.332 3.540.623  3.110.842 100% 2.148.750 2.141.027 2.134.642  2.130.532
¥ - £ italy m3  12.887.464  12.928.000  12.928.000  12.908.020  12.912.871 100% 8.919.301 8.887.243  8.860.739  8.843.680
S Latvia m3  12.294.416  13.051.406  12.896.149  12.942.170  12.796.035 100% 8.838.599 8.806.832 8.780.567  8.763.662
Lithuania m3 6.414.000  6.747.000  6.795.000  6.982.000  6.734.500 100% 4.651.718 4.634.999 4.621.176  4.612.279
Luxembourg m3 372.389 324.712 367.760 447.900 378.190  100% 261.227 260.288 259.512 259.012
Malta m3
Netherlands m3 2.245.700  3.253.305 3.150.886  3.113.422  2.940.828 100% 2.031.317 2.024.016 2.017.980  2.014.095
Poland m3  41.375.282  42.401.232  45.312.633  46.586.000  43.918.787 100% 30.336.000 30.226.969 30.136.822 30.078.803
Portugal m3  11.399.677  13.103.429  13.555.016  13.957.100  13.003.806 100% 8.982.112 8.949.829  8.923.137  8.905.959
Romania m3  15.314.700  15.116.714  14.491.635  14.975.408 14.974.614 100% 10.343.407 10.306.232 10.275.495 10.255.713
Slovakia m3 8.994.604  9.266.868  9.361.492  9.602.854  9.306.455 100% 6.428.242 6.405.138 6.386.036  6.373.742
Slovenia m3 5.054.443  5.381.391  4.509.048  5.093.701  5.009.646 100% 3.460.310 3.447.873 3.437.590  3.430.972
Spain m3  17.427.490 16.248.295 16.910.937  17.457.119  17.010.960 100% 11.749.972 11.707.741 11.672.824 11.650.352
Sweden m3  74.300.000  74.800.000  72.880.000  73.028.000  73.752.000 100% 50.942.680 50.759.585 50.608.203 50.510.773

EU 27 m3__462.080.926_466.960.478 _469.835.558 _494.748.774 _473.406.434 __100% |326/095774 3251820:511 324.848.804 324:223:407

Source:  FAOSTAT: Production and Trade, own calculations
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Table 6: Overall scenario for Europe: Wood fuel, coniferous

. FAO Historisch Mittelwert 2015-2018

Item Item Code Element Area Unit

2015 2016 2017 2018 [m?] [%]

Austria m3 2.999.342 2.709.688 2.872.955 3.217.600  2.949.896  17%
Belgium m3 61.570 61.570 61.570 61.570 61.570 1%
Bulgaria m3 603.627 792.901 875.117 850.358 780.501  12%
Croatia m3 62.546 58.050 62.165 62.165 61.232 1%

Eyprus m3
Czechia m3 1.514.000 1.550.000 1.647.000  3.600.000  2.077.750  11%
Denmark m3 1.532.400 1.357.500 1.357.500 1.357.500 1.401.225  35%
Estonia m3 1.200.000 1.100.000 1.072.727 1.200.000 1.143.182  11%
Finland m3 3.946.391 3.389.162 3.677.519 3.547.190  3.640.066 6%
France m3 2.596.209 2.594.000 2.440.901 2.366.181 2.499.323 5%
3 Germany m3 9.045.000  8.498.000  8.432.000 8135000  8.527.500  13%
3 . Greece m3 97.000 97.000 97.000 97.000 97.000 7%
S ~ 2 Hungary m3 140.358 148.757 148.757 133.690 142.891 3%
% @ 3 lreland m3 105.126 255.435 149.344 109.304 154.802 5%
2 2 ltaly m3 1.180.000 1.180.000 1.180.000 1.180.000 1.180.000 9%
§ Latvia m3 200.000 200.000 200.000 200.000 200.000 2%
2 Lithuania m3 739.000 754.000 721.000 441.000 663.750  10%
Luxembourg m3 27.721 28.034 36.230 45.900 34.471 9%

Malta m3
Netherlands m3 140.000 411.000 420.000 420.000 347.750  12%
Poland m3 2.694.000  2.570.698 2.607.537 2.595.500  2.616.934 6%
Portugal m3 200.000 207.266 169.437 234.600 202.826 2%
Romania m3 1.017.574 869.986 858.392 741.416 871.842 6%
Slovakia m3 237.744 251.094 317.812 262.126 267.194 3%
Slovenia m3 202.520 180.018 153.015 198.020 183.393 4%
Spain m3 2.895.890 1.418.927 1.036.385 1.036.385 1.596.897 9%
Sweden m3 3.500.000  3.450.000 3.750.000 3.500.000  3.550.000 5%

EU 27 m3  36.938.018  34.133.086  34.344.363  35.592.505  35.251.993

Source:  FAOSTAT: Production and Trade, own calculations

2.037.580
42.528
539.115
42.294

1.435.163
967.867
789.629

2.514.301

1.726.356

5.890.196

67.001
98.699
106.926
815.061
138.146
458.472
23.810

240.201
1.807.593
140.098
602.207
184.559
126.675
1.103.024
2.452.090

2.030.257
42.375
537.177
42.142

1.430.005
964.389
786.791

2.505.264

1.720.151

5.869.025

66.760
98.344
106.542
812.131
137.649
456.824
23.725

239.338
1.801.097
139.594
600.043
183.895
126.220
1.099.059
2.443.276

2.024.202
42.249
535.575
42.017

1.425.740
961.513
784.445

2.497.792

1.715.021

5.851.522

66.561
98.051
106.224
809.709
137.239
455.461
23.654

238.624
1.795.725
139.178
598.253
183.347
125.843
1.095.781
2.435.990

A4

2.020.305
42.168
534.544
41.936

1.422.995
959.662
782.935

2.492.984

1.711.719

5.840.257

66.433
97.862
106.020
808.150
136.975
454.585
23.608

238.165
1.792.268
138.910
597.101
182.994
125.601
1.093.672
2.431.300
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Table 7: Overall scenario for Europe: Wood fuel, non-coniferous

) FAO Historisch Mittelwert 2015-2018 _

Item Item Code Element Area Unit

2015 2016 2017 2018 [m?] [%]

Austria m3 1.979.722 1.880.264  2.035.758  2.025.620  1.980.341  11% 1.367.880 1.362.964 1.358.899  1.356.283
Belgium m3 831.180 831.180 831.180 831.180 831.180  16% 574.121 572.057 570.351 569.253
Bulgaria m3 2.244.572  2.135.311 2.114.138 1.998.856  2.123.219  33% 1.466.570 1.461.299  1.456.941  1.454.136
Croatia m3 1.706.195 1.710.404 1.795.877 2.108.474  1.830.238  34% 1.264.199 1.259.655 1.255.899  1.253.481

Eyprus m3
Czechia m3 822.000 794.000 729.000 646.000 747.750 4% 516.493 514.637 513.102 512.114
Denmark m3 745.800 703.600 703.600 703.600 714150  18% 493.284 491.512 490.046 489.102
Estonia m3 1.875.000  2.091.667  2.033.333 2.300.000  2.075.000  20% 1.433.264 1.428.112 1.423.853 1.421.112
Finland m3 4.018.054  3.717.976  4.271.572  4.211.541  4.054.786 6% 2.800.760 2.790.694 2.782.371 2.777.014
9 France m3  23.365.884  23.320.416  21.968.107  21.295.629  22.487.509  45% 15.532.785 15.476.958 15.430.801 15.401.094
° Germany m3  14.300.000 13.664.000  13.956.000  13.739.000  13.914.750  20% 9.611.328 9.576.784  9.548.222  9.529.840
’g . Greece m3 968.000 968.000 968.000 968.000 968.000  68% 668.626 666.223 664.236 662.957
? © S Hungary m3 2.538.813 2.487.393 2.487.393 2.580.390  2.523.497  45% 1.743.054 1.736.789  1.731.609  1.728.276
S @ 3 lreland m3 97.669 60.929 60.929 101.518 80.261 3% 55.439 55.240 55.075 54.969
el 2 taly m3 9.659.000  9.659.000  9.659.000  9.659.000  9.659.000  75% 6.671.756 6.647.777 6.627.951  6.615.191
= Latvia m3 1.000.000  1.500.000  2.000.000  2.000.000  1.625.000  13% 1.122.435 1.118.401 1.115.066 1.112.919
8 Lithuania m3 1.371.000  1.331.000 1.294.000 1.308.000  1.326.000  20% 915.907 912.615 909.894 908.142
= Luxembourg  m3 40.258 36.697 33.600 38.620 37.294  10% 25.760 25.667 25.591 25.541

Malta "3
Netherlands m3 1.257.000  1.890.000 1.912.000 1.921.000  1.745.000  59%  1.205.323  1.200.991  1.197.409  1.195.104
Poland m3 2.803.000  2.724.445 2.640.676  2.665.000  2.708.280 6% 1.870.689 1.863.965 1.858.407  1.854.829
Portugal m3 400.000 884.763 878.213 943.600 776.644 6% 536.451 534.523 532.929 531.903
Romania m3 4.061.727  4.293.795  4.055.491  3.908.352  4.079.841  27% 2.818.067 2.807.938 2.799.564  2.794.174
Slovakia m3 322.050 264.079 273.297 261.494 280.230 3% 193.563 192.867 192.292 191.922
Slovenia m3 1.039.709 1.091.694 885.828 944.113 990.336  20% 684.054 681.596 679.563 678.255
Spain m3 1.626.981 1.504.379 1.232.209 1.232.209 1.398.945 8% 966.292 962.819 959.948 958.100
Sweden m3 3.500.000  3.450.000  3.750.000  3.500.000  3.550.000 5% 2.452.090 2.443.276  2.435.990  2.431.300

EU 27 m3  82.573.614  82.994.992  82.569.201  81.891.196  82.507.251  17%

Source:  FAOSTAT: Production and Trade, own calculations
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Table 8: Overall scenario for Europe: Industrial roundwood, coniferous
. FAO Historisch Mittelwert 2015-2018
Item Item Code Element Area Unit
2015 2016 2017 2018 [m3] [%]
Austria m3  11.571.481 11.144.513  11.721.906  12.820.998 11.814.725  66% 8.160.778
Belgium m3 3.515.400 3.515.400 3.515.400 3.315.400 3.465.400  65%  2.393.654
Bulgaria m3 2.427.526 2.436.254 2.330.248 2.623.747 2.454.444  38%  1.695.357
Croatia m3 775.334 749.552 812.520 812.520 787.482  15% 543.937
Eyprus m3
Czechia m3  12.871.000 14.374.000 16.088.000  20.613.000  15.986.500  81% 11.042.347
Denmark m3 1.768.900 1.555.600 1.555.600 1.555.600 1.608.925  41%  1.111.332
Estonia m3 4.381.364 4.827.273 4.700.001 5.427.000 4.833.910  47% 3.338.924
9 Finland m3  42.924.675 45.360.272 46.528.477 50.632.499  46.361.481  73% 32.023.241
e France m3  16.490.702  16.519.319  16.716.683  16.988.983  16.678.922  33% 11.520.623
-“g Germany m3  39.894.000 37.539.000 37.306.000  43.183.000 39.480.500  58% 27.270.345
] _ Greece m3 230.000 230.000 230.000 230.000 230.000  16% 158.868
‘é © S Hungary m3 808.385 854.073 854.073 833.970 837.625  15% 578.572
2 § é Ireland m3 2.702.132 2.728.560 2.728.560 3.325.155 2.871.102  92%  1.983.155
S 2 ltaly m3 1.292.445 1.318.000 1.318.000 1.298.020 1.306.616  10% 902.518
2 Latvia m3 8.045.736 8.623.985 7.549.275 7.700.000 7.979.749  62%  5.511.848
< Lithuania m3 2.713.000 2.993.000 3.083.000 3.248.000 3.009.250  45% 2.078.578
_‘é Luxembourg m3 156.351 133.268 177.890 238.130 176.410 47% 121.851
= Malta m3
Netherlands m3 550.000 642.651 536.558 467.913 549.281  19% 379.404
Poland m3  27.937.438  29.254.685  32.309.678  33.182.000 30.670.950  70% 21.185.329
Portugal m3 2.788.056 3.836.000 3.811.886 4.109.100 3.636.261  28%  2.511.672
Romania m3 5.006.838 4.550.441 4.419.524 4.631.161 4651.991  31% 3.213.267
Slovakia m3 4.424.515 4.942.543 5.200.488 5.527.265 5.023.703  54%  3.470.020
Slovenia m3 2.860.000 3.313.000 2.752.000 3.291.279 3.054.070  61%  2.109.536
Spain m3 6.183.470 6.121.920 7.792.271 8.012.644 7.027.576  41%  4.854.154
Sweden m3  63.760.000  64.300.000  62.130.000 61.241.000 62.857.750  85% 43.417.700
EU 27 m3  266.078.748 271.863.309 276.168.038 295.308.384 277.354.620  59%

Source:  FAOSTAT: Production and Trade, own calculations

8.131.448
2.385.051
1.689.263

541.982

11.002.659
1.107.338
3.326.923

31.908.145

11.479.216

27.172.332

158.297
576.493
1.976.027
899.275
5.492.038
2.071.107
121.413

378.041
21.109.186
2.502.645
3.201.718
3.457.548
2.101.954
4.836.708
43.261.652

8.107.197
2.377.938
1.684.225

540.365

10.969.845
1.104.035
3.317.001

31.812.985

11.444.981

27.091.295

157.825
574.774
1.970.134
896.593
5.475.658
2.064.930
121.051

376.913
21.046.232
2.495.181
3.192.170
3.447.236
2.095.685
4.822.283
43.132.631

8.091.589
2.373.360
1.680.983

539.325

10.948.726
1.101.910
3.310.615

31.751.738

11.422.947

27.039.139

157.521
573.667
1.966.341
894.867
5.465.117
2.060.955
120.818

376.188
21.005.714
2.490.378
3.186.024
3.440.600
2.091.651
4.812.999
43.049.592
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Table 9: Overall scenario for Europe: Industrial roundwood, non-coniferous

) FAO Historisch Mittelwert 2015-2018 _

Item Item Code Element Area Unit

2015 2016 2017 2018 [m3] [%]

Austria m3 998.981 1.028.568 1.016.499 1.127.842 1.042.973 6% 720.412 717.823 715.682 714.304
Belgium m3 1.003.990 1.003.990 1.003.990 1.003.990 1.003.990  19% 693.485 690.993 688.932 687.606
Bulgaria m3 1.096.377 1.045.196 1.085.765 1.056.154 1.070.873  17% 739.684 737.025 734.827 733.412
Croatia m3 2.634.396 2.647.273 2.636.563 2.636.563 2.638.699  50% 1.822.627 1.816.076 1.810.660 1.807.174

Eyprus m3
Czechia m3 956.000 899.000 923.000 830.000 902.000 5% 623.038 620.799 618.947 617.756
Denmark m3 264.200 225.400 225.400 225.400 235.100 6% 162.390 161.807 161.324 161.014
" Estonia m3 2.058.667 2.200.000 2.141.667 2.525.000  2.231.334  22%  1.541.248 1.535.708 1.531.128  1.528.181
3 Finland m3 8.521.764  8.966.464  8.801.790  9.897.935 9.046.988  14% 6.249.021 6.226.562  6.207.992  6.196.040
% France m3 8.552.553 8.794.771 8.643.973 8.731.182 8.680.620  17%  5.995.960 5.974.410 5.956.592  5.945.124
) Germany m3 5.760.000  6.478.000 6.023.000 6.745.000  6.251.500 9%  4.318.095 4.302.576 4.289.744  4.281.485
é _ Greece m3 137.000 137.000 137.000 137.000 137.000  10% 94.630 94.290 94.009 93.828
< - S Hungary m3 2.256.413 2.095.946 2.095.946 2.125.130  2.143.359  38% 1.480.481 1.475.160 1.470.761 1.467.929
3 § 2 lreland m3 3.063 5.499 5.499 4.646 4.677 0% 3.230 3.219 3.209 3.203
§ 2 ltaly m3 756.019 771.000 771.000 771.000 767.255 6% 529.965 528.061 526.486 525.472
3 Latvia m3 3.048.680  2.727.421 3.146.874  3.042.170  2.991.286  23% 2.066.170 2.058.743  2.052.604  2.048.652
= Lithuania m3 1.591.000 1.669.000 1.697.000 1.985.000 1.735.500  26% 1.198.761 1.194.452 1.190.890  1.188.598
= Luxembourg m3 148.059 126.713 120.040 125.250 130.016  34% 89.806 89.483 89.216 89.044

S Malta m3
= Netherlands m3 298.700 309.654 282.328 304.509 298.798  10% 206.388 205.647 205.033 204.639
Poland m3 7.940.844  7.851.404  7.754.742 8.143.500  7.922.623  18% 5.472.389 5.452.720 5.436.459  5.425.992
Portugal m3 8.011.621 8.175.400  8.695.480  8.669.800  8.388.075  65% 5.793.891 5.773.067 5.755.850  5.744.768
Romania m3 5.228.561 5.402.492 5.158.228  5.694.479 5.370.940  36% 3.709.867 3.696.533  3.685.509  3.678.413
Slovakia m3 4.010.295 3.809.152 3.569.895 3.551.969 3.735.328  40% 2.580.101 2.570.828 2.563.161  2.558.226
Slovenia m3 952.214 796.679 718.205 660.289 781.847  16% 540.045 538.104 536.499 535.466
Spain m3 6.721.149 7.203.069 6.850.072 7.175.881 6.987.543  41% 4.826.502 4.809.155 4.794.812  4.785.581
Sweden m3 3.540.000  3.600.000 3.250.000  4.787.000  3.794.250 5% 2.620.800 2.611.381 2.603.593  2.598.580

EU 27 m3  76.490.546  77.969.091  76.753.956  81.956.689  78.292.571  17%

Source:  FAOSTAT: Production and Trade, own calculations
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Table 10: Roundwood production in million m? for Reference and EU-BioDiv-Scenarios in 2020, 2030, 2040 and 2050. Leakage is the difference
between both scenarios
2020 2030 2040 2050
Rank Country Refer- EU BioDiv Leak- Rank Country Refer- EU EIO» teak- Rank Country Refer- EU I'3|o» teak- Rank Country Refer- EU BioDiv Leakage
ence age ence Div age ence Div age ence
1 USA 421.9 4413 19.4 1 USA 465.0 500.1 35.1 1 USA 501.8 559.7 57.8 1 USA 537.8 601.2 63.4
2 Canada 149.6 166.4 16.8 2 Canada 147.7 170.9 23.2 2 Russia 212.4 234.8 224 2 Russia 215.2 245.9 30.7
3 Russia 194.0 207.4 13.4 3 Russia 208.5 224.6 16.1 3 Canada 145.2 166.8 21.6 3 Canada 146.5 168.0 216
4 Brazil 2493 256.6 7.2 4 Brazil 250.9 259.2 8.3 4 Brazil 258.4 269.9 11.4 4 Brazil 268.5 286.0 17.5
5 Nel‘g’nzdea' 27.7 313 37 5 Nel‘;'nzdea' 27.6 313 37 5 Ukraine 27.2 317 45 5 Malaysia 39.8 45.4 5.6
6 Chile 53.3 56.0 2.7 6 Australia 30.2 33.7 35 6 India 288.1 292.3 42 6 Ukraine 316 36.8 5.2
7 Australia 29.5 32.2 2.7 7 Chile 52.0 55.1 3.1 7 Chile 493 52.8 34 7 Turkey 27.9 32.1 42
8 Indonesia 111.2 113.5 23 8 Turkey 25.8 28.5 2.7 8 Turkey 27.2 30.6 34 8 India 284.7 288.7 41
9 Japan 19.5 215 21 9 Malaysia 27.0 295 25 9 Malaysia 32.4 354 3.0 9 Chile 46.5 50.2 3.7
10 China 430.4 4323 1.9 10 Ukraine 23.0 25.4 24 10 China 4817 484.7 3.0 10 Belarus 28.0 30.9 2.9
11 United 11.4 12.9 15 11 Japan 19.7 22.0 23 11 New Zea- 26.7 29.5 2.9 11 New Zealand 262 28.7 25
Kingdom land
12 Malaysia 22.8 24.4 15 12 China 474.0 476.3 23 12 Australia 31.4 34.2 2.8 12 Norway 183 20.5 23
13 Vietnam 38.0 39.4 1.4 13 Belarus 20.4 22.4 2.0 13 Belarus 24.2 26.4 2.2 13 Australia 32.7 34.6 1.9
14 Turkey 235 24.9 13 14 Vietnam 36.7 38.5 1.9 14 Norway 17.1 18.7 1.7 14 China 467.2 469.1 1.9
15 Ukraine 19.5 20.6 1.1 15 Norway 14.8 16.6 1.8 15 Japan 19.3 20.7 1.5 15 Indonesia 105.4 107.1 1.7
16 Thailand 36.6 37.7 1.1 16 Indonesia 111.7 113.4 1.7 16 Indonesia 110.1 111.4 13 16 Japan 18.7 20.2 1.4
17 South Af- 29.1 29.9 0.8 17 United 12.1 13.7 16 17 Thailand 3338 35.1 13 17 Argentina 171 18.2 11
rica Kingdom
18 Mexico 419 42.7 0.8 18 Sotit:aAf' 316 33.0 14 18 SOL::aAf’ 34.1 35.2 1.2 18 Mexico 40.4 41.4 1.0
19 Belarus 17.3 18.0 0.7 19 Thailand 35.0 36.2 1.3 19 Mexico 40.2 41.2 1.0 19 Cameroon 10.6 11.6 1.0
20 Norway 12.8 135 0.7 20 Mexico 39.7 40.8 11 20 S°”rt:aK°' 14.0 14.9 0.9 20 South Korea 16.9 17.7 0.7
21 India 318.6 319.2 0.6 21 India 299.6 300.4 0.8 21 Vietnam 34.9 35.7 0.8 21 Philippines 14.0 14.8 0.7
Bos- Switzer- Bosnia/Her-
22 Uruguay 11.1 11.6 0.5 22 nia/Herze- 4.5 5.3 0.8 22 6.2 6.9 0.7 22 . 5.6 6.2 0.5
- land zegovina
govina
Bos- South Ko- Papua New
23 nia/Herze- 4.2 4.7 0.5 23 11.0 11.8 0.8 23 Argentina 17.7 18.3 0.6 23 pu 8.5 9.0 0.5
. rea Guinea
govina
2q  Southko- 8.1 8.5 0.4 24 Switzer- 5.6 6.3 0.7 24 PapuaNew 8.3 8.9 0.6 24 Colombia 113 11.8 05
rea land Guinea
Switzer- Bosnia and
25 land 5.1 5.6 0.4 25 Argentina 17.6 18.3 0.7 25 Herze- 5.0 5.5 0.5 25 Iran 2.2 2.7 0.5
govina

Source:

Own calculations
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3 Country wise indicators

The values for the aggregated indicators are derived from principal component analyses. They cannot be interpreted in the units of the original
indicators and are used only for comparison between countries. Non-aggregated original indicators are given in the original units.

Table 11: Country wise indicators
Sustainable forest = Governance | Intact forest = Red List Conserva- Above ground bio- | Share of de- Total forest Annual net rate of Employmentin | Poverty and ine-
management Quality, ag- | landscapes as Index tion mea- @ mass stock forest graded land @ areapercap- change in forest forestry and | quality, aggrega-
(SFM), aggre- = gregated percentage of = (2020) sures, ag- @ (t/ha), 2016 area in rela- | ita(ha) area (%) (2015- logging (1000 @ ted
gated forest (%) gregated tion to total 2020) FTE) 2015
land area (%),
2015
USA -0,60 2,04 14,20 0,83 -0,62 94,67 19,90 0,94 0,02 72,78 0,34
Russia -0,03 -2,24 28,30 0,95 -1,25 77,33 6,00 5,65 0,08 76,27 -0,11
Canada 1,48 2,59 51,00 0,96 -0,87 90,43 19,90 9,23 -0,01 53,05 -0,42
Brazil -1,18 -1,86 31,70 0,90 0,37 171,92 27,00 2,35 -0,29 104,99 1,73
Malaysia 0,57 0,36 6,50 0,77 -0,36 209,87 16,00 0,60 -0,36 25,11 0,23
Ukraine 0,77 -2,23 0,00 0,93 -0,53 140,00 25,00 0,22 0,66 61,70 -1,18
Turkey -0,02 -1,44 0,00 0,88 0,61 48,11 9,00 0,27 0,54 286,46 0,32
India -1,01 -1,11 5,60 0,67 -0,23 68,70 30,00 0,05 0,37 6242,00 1,27
Chile -0,52 1,31 36,90 0,76 -0,13 219,27 1,00 0,95 0,68 116,24 0,57
Belarus 3,19 -2,14 0,00 0,97 n.a. 156,10 1,00 0,93 0,31 42,01 -1,27
New Zealand 0,04 2,93 25,40 0,62 0,86 294,65 19,90 2,01 0,09 8,71 -0,47
Norway 1,04 2,94 1,40 0,94 -1,01 64,16 19,90 2,28 0,06 5,77 -1,09
Australia -1,22 2,60 9,80 0,82 -0,32 83,98 19,90 5,28 0,14 8,98 -0,37
China -0,93 -1,13 1,60 0,74 -0,55 64,72 27,00 0,15 0,90 1147,30 0,02
Indonesia -1,50 -1,31 20,10 0,75 1,78 178,95 21,00 0,34 -0,62 41,58 0,33
Japan 0,00 2,05 0,40 0,77 -0,33 113,00 19,90 0,20 -0,01 63,66 -0,50
Argentina -0,32 -1,37 6,50 0,85 -1,00 185,74 39,00 0,64 -0,36 9,00 0,33
Mexico -2,04 -1,86 1,80 0,67 -0,65 52,44 47,00 0,51 -0,19 147,84 0,75
Cameroon -1,15 -3,09 13,40 0,84 -0,27 265,05 0,00 0,79 -0,27 34,00 2,27

South Korea -1,43 1,09 0,00 0,89 n.a. 131,69 19,90 0,12 -0,16 254,81 -0,65
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Philippines 1,94 1,55 1,60 0,67 0,31 219,77 38,00 0,07 0,49 4,84 0,94
BOSZ::;‘(/) ;'er' 1,65 -1,95 0,00 0,90 -0,29 156,37 4,00 0,66 0,25 271,00 -0,53
Pagz?ngaew -1,89 -2,59 35,10 0,83 1,16 176,00 21,00 4,09 -0,09 271,00 0,51
Colombia -1,02 1,32 31,00 0,75 -0,17 184,13 7,00 1,19 -0,33 31,90 1,38
Iran 1,76 -2,86 0,00 0,84 -0,56 137,67 23,00 0,13 0,11 10,81 0,23
Switzerland 1,15 2,98 0,00 0,97 0,97 193,06 19,90 0,15 0,27 12,10 -0,56
Serbia 0,34 1,28 0,00 0,96 0,32 156,99 6,00 0,39 0,02 9,09 0,12
Laos -1,39 -2,81 3,80 0,83 0,27 121,50 19,90 2,31 -0,02 271,00 1,24
Congo, Rep. -0,69 3,74 40,70 0,97 0,35 198,80 10,00 0,25 -0,06 12,00 5,21
Morocco 1,23 1,52 0,00 0,89 1,12 39,89 19,00 0,16 0,20 105,02 0,15
Bolivia 1,38 -2,65 28,90 0,87 0,00 131,26 18,00 4,42 -0,46 3,00 0,63
Costa Rica 1,14 0,11 6,20 0,83 1,29 196,00 9,00 0,60 0,54 14,81 0,98
Peru 0,67 1,47 68,50 0,73 0,43 237,79 19,90 2,22 -0,24 23,00 0,56
South Africa -1,16 -0,87 0,00 0,77 -1,29 85,66 78,00 0,29 -0,21 158,00 3,51
Cate d'lvoire -1,33 -2,06 1,70 0,91 0,84 94,45 14,00 0,11 -3,70 18,17 2,07
Kyrgyzstan -0,27 -2,55 0,00 0,98 -0,90 49,66 24,00 0,20 0,99 1,90 -0,98
Gabon -0,38 2,81 41,20 0,89 -0,54 223,25 16,00 10,83 -0,05 13,00 0,16

Source:  Own calculations

n.a.: Data not available.
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4 Description of the indicators

Governance Quality

All governance indicators used are part of the World Governance Indicators, which are calculated
and published by the World Bank. The indicator values are units of a standard normal distribution.
They predominantly lie in a range between -2.5 and 2.5 (Kaufmann et al. 2010). Detailed documen-
tation of the World Governance Indicators (WGlI), interactive tools for examining the data, and full
access to the underlying source data are available at www.govindicators.org.

Corruption Control

Corruption control covers the extent to which public power is exercised for private gain, includ-
ing small and large scale corruption, as well as the "conquest" of the state by elites and private
interests.

Government effectiveness

The effectiveness of government action measures the quality of public services, the quality of
the civil service and the degree of its independence from political pressure, the quality of pol-
icy formulation and implementation, and the credibility of the government's commitment to
such measures.

Regulatory quality

The quality of public administration encompasses the government's ability to formulate and
implement sound policies and regulations that enable and promote private sector develop-
ment.

Rule of law

The rule of law measures the extent to which members of society have confidence in and ad-
here to the rules of society, particularly the quality of contract enforcement, property rights,
police and courts, and the likelihood of criminal offences and violence.

Sustainable Forest Management (SFM)

Proportion of forest area under a long-term forest management plan (%)

This indicator is calculated as the share of forest area with a forest management plan related
to the total forest area. The existence of a documented forest management plan is consid-
ered to be the basis for long-term and sustainable management of forest resources for a vari-
ety of management objectives.

An increasing area managed under a forest management plan is therefore an indicator of pro-
gress towards SFM (Global Forest Resources Assessment, FAO 2020b).

Proportion of forests under certification (%)

This indicator is calculated as the share of certified forest area related to the total forest area.
Such certification systems apply standards that are generally higher than the legal require-
ments for SFM in a country. Compliance is verified by an independent and accredited certifier.
The increase in certified forest area therefore provides an additional indication of a country's
progress towards SFM.
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However, it should be noted that sustainably managed forest land that is not certified, either
because its owners have decided against it or because there is no credible or affordable certi-
fication system in place in the respective area, can be large.

Source: Forest area under independently verified forest management certification schemes ac-
cording to Global Forest Resources Assessment (FAO 2020b).

The indicator expresses the proportion of the total roundwood harvested in a country from
forest areas with a long-term management plan and how the proportion changes due to leak-
age. The data basis for the calculation of the indicator is the roundwood harvested by a country
as reported by GFPM in m3/ha, the forest area of a country with a long-term management plan
in ha (FAO 2020b) and the annual average increment of the forest of a country in m3/ha. Infor-
mation on the annual average wood increment of was derived from the Global Forest
Ressources Assessment 2015 (FAO 2015, Tab. 17). If information on increment was missing for
a country, the value was estimated by expert knowledge on the basis of the geographical loca-
tion and the predominant forest types. By multiplying the forest area with long-term manage-
ment plan by the annual increment, the arithmetically available raw wood potential of the for-
est with long-term management plan was first calculated. This amount was then compared to
the total amount of roundwood felled. This provided the percentage of the total roundwood
that can be provided by forest areas with long-term management plans. As a limitation, it
should be noted that the indicator does not say anything about the quality and effectiveness
of the management plans in the countries studied.

Percentage of roundwood that can be provided by certified forest areas (%)

The indicator expresses how much of a country's total roundwood felling can mathematically
be provided by the certified forest area of a country and how the proportion changes due to
leakage. The data basis for the calculation of the indicator is the round timber felling in m3 as
reported by GFPM, the FSC (FSC 2020) and PEFC (PEFC 2020). Information was provided on
certified forest areas in ha and the average increment of solid wood of the forest of a country
in m3/ha (FAO 2015, Tab. 17). If information on increment was missing for a country, the value
was estimated by expert knowledge on the basis of the geographical location and the predom-
inant forest types. By multiplying the certified forest area by the annual increment of raw
wood, the available raw wood potential of the certified forest area was calculated. This quan-
tity was then compared to the total amount of roundwood felled. This results in the percentage
of the total roundwood that can be provided by the certified forest area of a country.

Forest condition

Above ground biomass stock in the forest (tons per hectare), 2016

Changes in the above-ground biomass stock in forests show the balance between growth of
the biomass stock due to forest growth and losses due to timber extraction, natural losses, fire,
wind, pests and diseases. At the country level and over a longer period of time, SFM would
mean a stable or, up to a forest type specific maximum biomass stock per hectare, while a long-
term reduction of the biomass stock per hectare would mean either unsustainable forest man-
agement and/or unexpected major losses due to fire, wind, pests or diseases (FAO 2020b).
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Proportion of land that is degraded over total land area (%)

Land degradation is defined as the reduction or loss of biological or economic productivity and
complexity of unirrigated cropland, irrigated farmland or pasture, forest and woodland areas
resulting from a combination of pressures, including land use and management practices. This
definition has been adopted and is used by the 196 countries that are parties to the UNCCD.
The unit of measurement for this indicator is the spatial extent (hectares or km2), expressed as
a proportion (percentage or %) of degraded land area in relation to the total land area (United
Nations Statistics Division 2020).

Deforestation pressure

Total forest area per capita (ha)

The total forest area per capita is calculated by dividing the total forest area in hectares by the
total population size of the country. Source for total forest area: Global Assessment of Forest
Resources (FAO 2020b); Source for total population size: World Development Indicators (World
Bank 2020b).

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

Trends in the forest area are crucial for SFM monitoring. The indicator focuses both on the
direction of change (whether there is a loss or gain in forest area) and on how the rate of change
changes over time. The latter is important to measure progress between countries that are
losing forest area but have been able to reduce the annual rate of forest area loss. The average
annual rate of change for 2015 to 2020 is calculated on the basis of the indicator "Annual net
rate of change in forest area" from Global Forest Resources Assessment

Biodiversity conservation

Intact forest landscapes as percentage of forest (%)

An intact forest landscape (IFL) is a seamless mosaic of forest and naturally treeless ecosystems,
which, by means of remote sensing, does not show any human activity and has a minimum
area of 500 km?. IFLs are large enough to conserve all original biodiversity, including viable
populations of species with large-scale habitats (Potapov, p. 2008). The term "intact forest
landscape" is different from "primary forest" as defined by the Food and Agriculture Organiza-
tion of the United Nations (FAO) (2010). Intact forest landscapes were set in relation to the
forest area. This was calculated using the global canopy cover dataset of the year 2000 (Hansen,
M.C. 2013). Forest area was determined as areas with at least 20 % tree crown cover (Global
Forest Watch 2014, Potapov et al., 2017).

Red List Index

The Red List Index measures the change in the aggregated risk of extinction between species
groups. It is based on real changes in the number of species in each category of risk of extinc-
tion.

The IUCN Red List of Threatened Species (Bubb et al. 2009) is expressed as a change of an index
between 0 and 1. The values of the red list index range from 1 (all species are categorized as
"least threatened") to O (all species are categorized as “extinct2), indicating how far the species
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group as a whole has moved towards extinction. Thus, the Red List Index allows comparisons
between species groups both in terms of their overall level of risk of extinction (i.e. how threat-
ened they are on average) and the rate at which that risk changes over time. A downward trend
in the Red List Index over time means that the expected rate of future species extinction is
worsening (i. e. the rate of biodiversity loss is increasing). An upward trend means that the
expected rate of species extinction is decreasing (i.e. the rate of biodiversity loss decreases)
and an unchanged trend means that the expected rate of species extinction remains the same.
An upward trend in the Red List Index would indicate that SDG Goal 15.5, reducing habitat
degradation and protecting threatened species, is on track. A Red List index score of 1 would
indicate that biodiversity loss has been halted (United Nations Statistics Division 2020).

Conservation spending in USS$ per km2 land area

The data are taken from an online database with country-by-country data on biodiversity ex-
penditure. These take into account (domestic) financial flows from national governments, con-
tributions from donor countries, trust funds and self-financing through payments from users,
e. g. entrance fees for national parks and other user fees. Annual mean values were calculated
from the data for 2001 — 2008 (Waldron, A. 2013). The annual expenditures were then divided
by the respective land area (CIA, 2020).

Proportion of forest area within legally established protected areas (%)
The proportion of forest area within formally established protected areas, regardless of the
purpose for which the protected areas were established (FAO 2020b).

Socio-economic aspects

Employment in forestry and logging (1000 FTE) 2015

Activities related to the production of goods from forests. This category corresponds to the ISIC
/ NACE Rev.2 activity A02 (forestry and logging). Full-time equivalent (FTE/FTE) is a measure-
ment corresponding to one person working full-time during a given reference period; two half-
time employees also count as one FTE/FTE (Global Forest Resources Assessment, FAO 2020b;
2020a).

Poverty headcount ratio at $1.90 a day (2011 PPP) (% of population) latest available year
The poverty rate of 1.90 USD per day is the percentage of the population living on less than
1.90 USD per day at 2011 international prices (Weltentwicklungsindikatoren, World Bank
2020b).

Gini index (World Bank estimate) last available year (mainly 2016/17)

The Gini index measures the extent to which the distribution of income (or, in some cases, of
consumer spending) between individuals or households within an economy deviates from a
perfectly even distribution. A Lorenz curve shows the cumulative percentages of total income
against the cumulative number of recipients, starting with the poorest person or household.
The Gini index measures the area between the Lorenz curve and a hypothetical line of absolute
equality, expressed as a percentage of the maximum area under the line. A Gini index of O
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therefore represents perfect equality, while an index of 100 represents perfect inequality (Wel-
tentwicklungsindikatoren, World Bank 2020b).
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