"™ forests

Article

Assessment of Possible Production Leakage from
Implementing the EU Biodiversity Strategy on Forest Product

Markets

Franziska Schier ¥, Susanne Iost, Bjorn Seintsch, Holger Weimar and Matthias Dieter

Citation: Schier, F.; Iost, S.;
Seintsch, B.; Weimar, H.; Dieter, M.
Assessment of Possible Production
Leakage from Implementing the EU
Biodiversity Strategy on Forest
Product Markets. Forests 2022, 13,
1225.
https://doi.org/10.3390/f13081225

Academic Editor: Davide M.

Pettenella

Received: 14 June 2022
Accepted: 22 July 2022
Published: 2 August 2022

Publisher's Note: MDPI stays
neutral with regard to jurisdictional
claims in published maps and

institutional affiliations.

Copyright: © 2022 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/).

Thiinen Institute of Forestry, Leuschnerstrafie 91, 21031 Hamburg, Germany; susanne.iost@thuenen.de (S.1.);
bjoern.seintsch@thuenen.de (B.S.); holger.weimar@thuenen.de (H.W.); matthias.dieter@thuenen.de (M.D.)
* Correspondence: franziska.schier@thuenen.de

Abstract: The EU Biodiversity Strategy (EUBDS) for 2030 aims at regaining biodiversity by strength-
ening the protection of nature in the European Union. This study models and analyses possible
impacts of the EUBDS on the production and trade of forest-based products in the EU and non-EU
countries in two alternative scenarios. Implementing EUBDS measures would allow a maximum
EU roundwood production of roughly 281 M m? in 2030 in the intensive and 490 M m? in the mod-
erate scenario. Since in the reference scenario, the EU roundwood production amounts to 539 M m3
in 2030, this represent a reduction of —48% and —9% in 2030, respectively. Until 2050, the production
further decreases and accounts for 42% and 90% of the reference production. Globally, the EU
roundwood production deficit is compensated partly (roughly between 50%—60%) by increasing
production of roundwood in non-EU countries (e.g., USA, Russia, Canada, China and Brazil)
whereas the remaining share of the EU production deficit is no longer produced and consumed
worldwide. In the EU, reduced roundwood availability leads to a lower production of wood-based
products, although, apparent consumption of wood-based products remains similar. This is mainly
caused by significantly lower export volumes of wood-based products and, for some product
groups, by significantly increased imports as well. This is partly due to unchanged assumptions
regarding income and thus, demand patterns. However, on a global level, decreased production
and consumption of wood-based products could lead to a growing use of non-bio-based resources
to substitute wood-products. Our study also shows that the magnitude of effects strongly depends
on how much the use of forest resources is actually restricted.

Keywords: production leakage; biodiversity; EU; forest sector modelling; policy; impact assessment

1. Introduction

The EU Biodiversity Strategy (EUBDS) for 2030 aims at regaining biodiversity by
strengthening the protection and restoration of nature in the European Union (EU) [1].
Key objectives of the strategy are: (i) the creation of protected areas on at least 30% of
Europe’s land and sea areas; (ii) the strict protection of at least one third of the EU’s pro-
tected areas, including all remaining EU primary and old-growth forest, and (iii) the ef-
fective management and monitoring of all protected areas, based on clear conservation
objectives and measures. With regard to the term “strictly protected areas”, it is stated
that “strict protection does not necessarily mean the area is not accessible to humans, but
leaves natural processes essentially undisturbed to respect the areas’ ecological require-
ments” [1] (p. 5). The definitions of other protected assets, such as “old-growth forest”,
are mentioned but have not yet been conclusively determined at either the EU or national
level. Thus, the EUBDS leaves room for interpretation concerning the definition of pro-
tected assets, e.g., “strict protection” and “primary and old-growth forests”. Even though
the EUBDS aims at enlarging protected areas, it does not specify which protected area
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categories are eligible to account for the 30% protected and 10% strictly protected area
goals and how the additional protected areas should be allocated to the (terrestrial) land
use types.

In the past, implementation of environmental policies sometimes caused indirect im-
pacts that counteracted the actual aims of this policy, thus reducing its overall benefit [2].
This classifies as leakage, a subset of the broader term spillover [3]. A spillover can be any
form of collateral effect that takes place across established boundaries, be they geograph-
ical, temporal, jurisdictional, sectoral or political [3,4]. In the environmental sector, spatial
displacement effects often occur, i.e., the desired effect in one region is counteracted by
unintended negative effects on the same environmental asset in places not initially fo-
cused on by the original measure [5]. Thus, the protection of forests in one region could
influence the use of forest resources in other regions, as the markets for wood and wood-
based products are highly interlinked via international trade [6,7]. Leakage then occurs to
the extent that, e.g., the limited use of timber resources due to increasing forest protection
in one region is offset by additional timber production in regions that are not affected by
the conservation program or policy [8]. The extent to which leakage occurs is influenced
by principle market characteristics, including (i) response of supply and demand to price
changes, (ii) spatial coverage of additional protection efforts and (iii) homogeneity of the
affected products [2,6,8,9]. Previous studies state that the extent of leakage is related to
price elasticities of supply and demand; the magnitude of leakage increases with increas-
ing price elasticity of supply and decreasing price-elasticity of demand [2,6,8]. The mag-
nitude of leakage also depends on the number of countries involved in protection efforts.
Mutual implementation of a policy on a large geographical scale can reduce overall leak-
age in absolute terms. However, in relative terms, leakage tends to be aggravated if a pol-
icy is only applied to small geographical area [6,8]. Finally, products from one and another
region that are homogenous and thus, perfectly substitutable, are expected to be more
affected by leakage [6,8,9].

In the past, several studies assessed the impact of different forest protection measures
on forest markets. Jonsson et al. [2] analyzed ten studies on market leakage from forest
protection efforts to reduce or enhance greenhouse gas emissions or sequestration, respec-
tively, and found evidence that increased forest conservation in one country could lead to
leakage effects of varying degrees for both tropical and non-tropical countries. Their find-
ings are backed by the study of Li et al. [10], who found that eliminating illegal logging
would shift wood production from developing to developed countries. Vice versa,
Sohngen et al. [11] found that enhanced forest protection in Europe or North America
could increase wood production in natural forests in other parts of the world. In addition,
more recently, different studies on impacts of environmental policies have been carried
out on a national level, e.g., in terms of harvest leakage from Norway [12] and China [13]
to countries in the rest of the world, or in terms of domestic impacts on wood-processing
sectors in Canada [14]. Ford et al. [15] detected a prevalence of deforestation leakage into
surrounding buffer zones stemming from the protected areas in 120 tropical and subtrop-
ical forest regions. On the European level, Kallio et al. [9] examined the effects of the in-
troduction of enhanced carbon sequestration goals in European and Norwegian forests.
They found that production of wood and wood products declines, which leads to increas-
ing production in countries in the rest of the world.

In 2020, Dieter et al. [16] carried out a first assessment on possible leakage effects
from implementing the EUBDS. Even though the objective of Dieter et al. [16] is similar to
the objective of the present study, it only investigates one possible pathway EUBDS im-
plementation. The quantitative model used for Dieter et al. [16] relies on older wood prod-
ucts market, socio-economic and bio-physical input data from the FAO forestry statistics
[17], IPCC scenario Al [18] and the Forest Resources Assessment 2010 [19], respectively.
Compared to the preliminary study of Dieter et al. [16], the two implementation scenarios
modelled in the present study open a range on possible changes in protected area cover-
age, resulting roundwood production levels and related magnitudes of leakage. In



Forests 2022, 13, 1225

3 of 35

addition, the present study uses more recent data on wood product market developments
reported in [17] and is based on the updated socioeconomic development pathway offered
by the SSP 2 scenario [20] and forest data from the most recent FAO Forest Resources
Assessment [21].

Policy strategies such as the EUBDS often do not provide operational information.
To address and evaluate the uncertainties connected to policy implementation, the use of
scenarios is a common tool, e.g., [13,22,23]. Scenarios provide the possibility of taking a
long and wide look into the future. They enable long-term and system-oriented observa-
tions and thus, allow for system-oriented observations as orientational knowledge for de-
cision support and guidance for options of action in the present. This way, scenarios are
always hypothetical, but by no means arbitrary [23]. Consistent scenario construction is
guided by a methodological procedure that considers basic properties and building tech-
niques for scenarios for quality assurance, transparency and credibility. Thereby a sce-
nario can fulfill a number of basic functions [23], of which the following are of relevance
in the context of our study: (i) the explorative and knowledge function which makes basic
assumptions about future developments explicit and shows possible development path-
ways together with conflicting goals, (ii) a communication function which supports dis-
course, uncovers problems and informs decision-making and (iii) a strategy formation
function which helps to evaluate decisions, measures and strategies [23]. Furthermore,
holistic scenarios are characterized by basic properties: their character (explorative vs.
normative), their type (quantitative vs. qualitative), their purpose (reference vs. alterna-
tive) and their scope [23].

With the exception of the above-mentioned study carried out by Dieter et al. [16],
quantitative policy assessments of the EUBDS within the forestry sector have not been
carried out so far. Against the described background, we analyze possible leakage effects
from EUBDS implementation. We perceive leakage as shifts in production of roundwood
and wood-based products (production leakage) from the EU to non-EU countries. We
measure leakage as the absolute difference in production of either roundwood or various
wood products between a reference scenario and two alternative scenarios where the
roundwood supply is reduced in the EU in a given year.

The objectives of this study are to quantify absolute production leakage due to
EUBDS implementation and to identify the countries that are likely to compensate for the
EU’s production deficit by increasing the production of roundwood and wood-based
products. This further highlights accompanying changes in the international trade of
roundwood and wood products.

In the still ongoing implementation process of the EUBDS, this study provides a sec-
ond updated and more holistic assessment of possible impacts of policy implementation
on the wood-based sector. By combining scenario building techniques and quantitative
scenario modelling, it offers guidance on designing national EUBDS implementation in
the member states.

2. Materials and Methods

As noted above, the EUBDS does not provide operational definitions of its objectives,
protected assets and management measures. To address the resulting uncertainties, we
draft a moderate and intensive EUBDS implementation scenario (MSC and ISC, respec-
tively) in order to open a plausible range of possible related impacts of EUBDS implemen-
tation on global forest product markets. First of all, EUBDS implementation will most
likely result in the designation of additional protected forest areas. This will exogenously
restrict roundwood production in the EU as compared to a reference scenario (RSC) and
may have effects on production leakage and trade patterns. In Section 2.1, we introduce
basic scenario characteristics and development and describe scenario generation in Sec-
tion 2.2. Section 2.3 gives a short introduction into the Global Forest Products Model
(GFPM) [24] used for the policy impact analysis carried out in this study.
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2.1. Scenario Basics: Characteristics, Functions and Building Techniques

The scenario building process of our study is based on scientific desk research and
follows the approach described by Kosow and Gafiner [23]. According to the EUBDS’ ob-
jectives, alternative forest management measures include additional set-aside and protec-
tion of forest area, (non)-utilization of “old-growth forest” and the implementation of for-
est management schemes that result in reduced levels of roundwood supply in contrast
to a reference. Thus, the field and topic of this scenario study is the EU biodiversity strat-
egy 2030 and the extraction of policy topics and related goals in the context of forestry and
forest product markets. Identified key factors to be analyzed in this field are: (i) possible
forest management measures that are to be taken, (ii) the determination of changes in
roundwood supply and (iii) consecutive impacts on production and trade patterns of
wood and wood-based products.

2.2. Scenario Generation

So far, only one study qualitatively discussed possible EUBDS implementation im-
pacts [25]. Regarding quantitative impacts on forest product markets, Germany is the only
EU country so far that carried out a policy impact analysis of the EUBDS on the national
level and provided a first estimate of possible roundwood production reduction following
EUBDS implementation in Germany. [16,26]. German National Forest Inventory data and
the data of German Forest Development and Timber Volume Modelling provide detailed
information on forest structure, management schemes and forest production [27,28],
which is a prerequisite for impact analysis. For the present study, we refine the approach
of Dieter et al. [16] (see Section 2.2.1) and evaluate the suitability of forest structure and
protected area coverage in Germany as an estimator for EU-27 in order to use German
results in EUBDS implementation (Section 2.2.2) as a basis for scenario building on the EU
level (Section 2.2.3). For this evaluation, we selected quantitative key factors relevant for
scenario generation. The results and summary are given in Table Al.

First, we examine how the relative German protected area coverage fits the EU pro-
tected area coverage in EU member states. Referring to a “forest area within legally estab-
lished protected areas” (includes IUCN Categories I-1V, excludes IUCN Categories V-VI
[29,30] as reported in FAO [21], Germany ranks in the third quartile of protected area cov-
erage distribution of EU member states. Comparing the status quo of non-strictly pro-
tected areas according to MCPFE Class 1.3 and MCPFE Class 2 [31] in Germany and the
EU reveals that Germany has a larger share of protected forests than the rest of the EU.
Thus, a transfer of German scenario assumption to other EU member states tends to un-
derestimate the impact of the implementation of an EUBDS. Therefore, the approach can
be considered as conservative. Looking at strictly protected areas (MCPFE Class 1.1 and
MCPFE Class 1.2 [31]), we see that, except for few exceptional countries that hold high
shares of land in this category, Germany possesses marginal shares of land in these cate-
gories and would reflect the EU situation well if future strictly protected areas were pre-
dominantly located in forests. Since the occupancy of protected areas in the EU is compa-
rable with Germany, the EUBDS would have a comparable effect at the EU level as in
Germany.

Second, we create and analyze a normalized coefficient which relates forest area to
growing stock to roundwood production (“roundwood production intensity”). Here, the use
of a normalized, proportional coefficient appears as the proper approach since further
analysis of reduced roundwood production impacts bases on relative reduction rates. Ta-
ble 1 shows that the German value is well in the range of the EU average and median
roundwood production over growing stock density.
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Table 1. Classification of scenarios developed for the purpose of the present study analysis (based
on categorization of scenrios introduced in Kosow and Gafiner [23]).

Class Attribution Specification
Scope time long-term horizon 2017-2050
geopraphic global EU and worldwide
thematic policy evaluation forest protection measures and leakage

explorative-descriptive test “what if” the EUBDS would be im-

Character explorative )
scenarios plemented

normative - normative character given by EUBDS 1

quantitativ . . mathematical and model-based ap-
Type formalized scenarios
e proach
qualitative - qualitative elements given by EUBDS 1

explore options for actions “if we

Purpose alternative alternative scenarios .
change the road

reference - reference adapted from other sources !
! Most scenarios are not of purely dichotomous in character but somehow combine different ele-
ments in their character, type and purpose. In this study, the complementary elements are taken
from external sources.

Taking the above-mentioned findings into account, we conclude that the reduction
of roundwood production in Germany can be considered as a valid estimator in further
scenario building processes.

In the following, we describe the draft of two implementation scenarios: a moderate
(MSC) and an intensive implementation scenario (ISC), which are based on two different
interpretations of the EUBDS terms “protected area” and “strictly protected area”, differ-
ent EU and national protection categories, different allocation of additional protected ar-
eas to forest and non-forest land uses, contrasting understanding of “old-growth forests”
and varying management measures of protected forests.

2.2.1. WEHAM Scenario and EUBDS Implementation Scenarios for Germany

As the EUBDS does not provide operational definitions, we define two different cur-
rent protected area coverages (PAC) in order cover a range of possible effects of the
EUBDS implementation. We calculate additional PAC (PAC+) as the difference between
current and future PAC. For further information on the current protected forest area in
Germany see Appendix A.

Both implementation scenarios are based on a total area of Germany of 35.803 M ha,
of which 11.125 M ha is forest and 24.668 M ha is non-forest land uses [32], as seen in Table
A2. The EUBDS’ objectives translate into a future protection area of at least 10.741 M ha
(i.e., 30% protected areas), of which at least 3.580 M ha (i.e., 10%) shall be strictly protected,
including all primary and old-growth forests. For both implementation scenarios; we fol-
low the definition given by Steinacker et al. [33], where “strict protection” results in natu-
ral forest development without raw wood production.

MSC is built on a PAC that includes existing protected areas under the Natura 2000
framework, i.e., Habitats Directive sites (FFH sites) and Birds Directive sites (Special Pro-
tection Areas (SPA)) and areas protected under the implementation of the National Strat-
egy on Biological Diversity [34], i.e., forests under “natural forest development” and are
therefore “strictly protected” [35] (see Table A2). Based on these assumptions, 2.8 M ha
are already under protection in forests, of which 227,000 hectares are strictly protected.
This corresponds to 25% (protected) and 2% (strictly protected) of the forest area, respec-
tively.

PAC+ is realized by designating new Natura 2000 areas, which are allocated to forest
and non-forest land according to the actual distribution of forest and non-forest land in
Germany. In forests, PAC+ is further allocated to main tree species groups and age classes
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according to their current distribution and the distribution of habitat types [28,36]. Con-
sequently, 2.6 M ha have to be additionally protected in forests, of which 1.031 M ha are
to be strictly protected. In protected areas where roundwood production is still allowed,
it is assumed that roundwood production is restricted at 45% and 50%, following conser-
vation management requirements of FFH sites and SPA, respectively [36,37].

In the ISC, all protected area categories (i.e., according to European and national clas-
sifications) are included in the current PAC (see Table A3). This results in a current total
PAC of 14.7 M ha, which corresponds to 41% of Germany’s total area and therefore meets
the EUBDS goal. In forests, 6.471 M ha (i.e., 58% of forest area) are already protected, of
which 161,000 ha are protected strictly (1.4% of forest area) (Tables A3 and A4) [32]. The
target for strict protection (i.e., one third of all protected areas) translates into 4.904 M
hectares to be strictly protected (Table A4). In the ISC, we assume that the only realistic
potentials for strict protection outside of forests lie in peatland restoration. We assume
that 500,000 ha of organic soils used for agriculture can be put under strict protection [32].
Consequently, an additional forest area of 4.164 M ha has to be strictly protected, which
is 3.1 M ha more forest area as compared to MSC (Table A4).

In the ISC, management schemes of existing Natura 2000 areas will be implemented
at all protected areas. The future management intensity will correspond to the current
management intensity of FFH beech habitat types [36,37]. The protection of primary and
old-growth forests includes all forests whose current age exceeds the usual rotation period
of the respective wood species group (oak > 160 a, beech and spruce >120 a, pine > 140 a).
In the ISC, 58% of the forest area is located in future PAC and 37% in future strict PAC.

2.2.2. Roundwood Production under Possible EUBDS Implementation in Germany

The Forest Development and Timber Volume Modelling (WEHAM) [27] serves as
reference for the implementation of additional forest protection measures from the
EUBDS in Germany. The WEHAM scenario was based on data of the third National Forest
Inventory in Germany [28] and therefore refers to the year 2012. According to Rock et al.
[27], the scenario represents forestry practices and experiences, existing forest protection
measures and near-future expectations for forest management and market developments
for Germany at the time of the WEHAM scenario development. Since the EUBDS’ objec-
tives are to be achieved by 2030, we use WEHAM scenario data on potential roundwood
production for the projection period from 2028 to 2032.

We calculate the decrease in roundwood production as the difference between po-
tential roundwood production estimated by the WEHAM scenario and the roundwood
production of each of the implementation scenarios.

The WEHAM scenario provides data on potential roundwood production for each
tree species group and age class [27]. The WEHAM scenario does not provide information
on the allocation of protected forest area to the respective wood species group and age
class. Thus, for PAC+ for protected and strictly protected areas in both implementation
scenarios, we allocate wood species groups and age classes (Table A5) according to their
current distribution [28].

Compared to the WEHAM scenario, roundwood production in additional strictly
protected areas is excluded. In the ISC, potential roundwood production in all age classes
above the usual rotation period is also excluded, as these age classes are defined as “old-
growth forests” (see Table 2). In protected areas with management restrictions (FFH,
SPA), potential roundwood production is reduced by applying a discount factor of 0.19
[36,37]. Potential roundwood production of all scenarios is shown in Table A6. Based on
a total annual potential roundwood production of 75.65 M m? in the WEHAM scenario,
annual roundwood production is reduced to 68.64 M m? (90.7%) and 39.42 M m3 (52.1%)
in the MSC and the ISC starting in the period from 2028-2032 and continues onwards,
respectively (Figure 1).
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Table 2. Overview of operationalization of EUBDS objectives in an intensive (ISC) and a moderate
(MSC) implementation scenario for Germany [authors’ results].

EUBDS Objectives Moderate Scenario Intensive Scenario
. PAC includes Natura 2000 sites (FFH, .
“1. Legally protect a minimum of 30% of SPA) and natural forest development
the EU’s land area and 30% of the EU’s sea sites (Table A2);
area and integrate ecological corridors, as e Current PAC: 5.6 M ha (16% of land
part of a true Trans-European Nature Net- area); 2.8 M ha in forests;
work.” o PAC+: 5.1 M ha (14% of land area); 2.6 .
M ha in forests.

PAC includes Natura 2000 sites and
all protection categories of German
law (Table A3);

Current PAC: 14.7 M ha (41% of land
area); 6.5 M ha in forests;

No PAC+ required.

Strict protection: core zones of Na-
tional Parks and Biosphere Reserva-
tions (Table A3) (161 T ha);

PAC+: 4.164 M ha; allocated mainly to
forests and 500 T ha of peatland resto-
ration;

Primary and old-growth forests will
be developed in stands older than the
respective usual rotation period.

e Strict protection: Natural forest pro-
tection development sites (227 T ha)
(Table A2); .
PAC+ in forests: 1.031 M ha; allocated
to forest and non-forests according to

2. Strictly protect at least a third of the
EU’s protected areas, including all remain-

ing EU primary and old-growth forests.”
ng pr y grow current distribution;

e  primary and old-growth forest are
negligible (Sabatini et al. 2018).

“3. Effectively manage all protected areas, ¢ =~ Management schemes of existing Management schemes of existing

defining clear conservation objectives and Natura 2000 sites are implemented at . .
- . . Natura 2000 sites are implemented at
measures, and monitoring them appropri- 45% of FFH and 50% of SPA sites. .
ately.” all protected sites [36,37].!

! For more details see Tables A2-A4.

75.65 6.07 75.65 17.86
0.56 0.37 68.64

17.19

S8 33.42

RSC SPF FFH SPA MsC RSC SPF OGF FFH + SPA IsC

RSC: 75.64 M m? MSC: 68.63 M m? RSC: 75.64 M m? ISC: 39.41 M m3

100.0% 8.03% 100.0% 23.61%
0.74% 0.49% 80.7%
22.73%
AL 52.1%

RSC SPF FFH SPA MSC RSC SPF OGF FFH + SPA 1sC

RSC: 100 % MSC: 90.7 % RSC: 100% ISC:52.1%
RSC = Reference scenario FFH = Habitats Directive 92/43/EEC OGF = Old growth forests
SPF = Strictly protected forests SPA = Birds Directive 2009/147/EC

Figure 1. Absolute and relative changes in potential roundwood production in the moderate (MSC)
and intensive scenario (ISC) compared to the WEHAM scenario [27] on potential roundwood for
the period from 2028-2032 and onwards [authors’ results].
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2.2.3. Scenario Generation on EU Level

For the simulation of two alternative implementation scenarios on the EU level, we
transfer roundwood reduction factors as calculated for Germany to all EU member states.
Even though we acknowledge that protected area coverages, forest structure and man-
agement differ within the EU, we thus assume that the EUBDS implementation in other
EU member states will have a comparable proportional impact on roundwood production
as in Germany (see Section 2.2, Table A1). We use one reduction factor for the total round-
wood production (see Section 2.2.2) and apply this factor to reduce coniferous and non-
coniferous as well as fuelwood production, respectively. We assume that the implemen-
tation of the EUBDS would be gradual and completed in 2030. Reduction factors are used
to exogenously decrease roundwood supply in each of the EU member states from 2017
onwards until the roundwood supply in 2030 is at 52% (ISC) and 91% (MSC) compared to
the roundwood supply of RSC. For modelling long-term effects of changing roundwood
production after 2030 in both implementation scenarios, we retain the exogenous upper
production limits until 2050 for each of the EU member states. Thus, for the modelling
period from 2030-2050, roundwood production remains reduced to 91% (MSC) and 52%
(ISC) of the RSC supply. However, since this exogenous limitation of roundwood produc-
tion has the function of an upper production limit, it represents the maximum production
potential. The actual roundwood production in both implementation scenarios can be
lower.

2.3. Quantitative Scenario Analysis: Forest Products Market Modelling

The use of a quantitative model can help to put the goals and impacts of policies to
the test [38,39]. The analysis of leakage effects by means of general equilibrium modelling
[40] or partial equilibrium market modelling are proven methodological approaches for
this type of analysis [41]. With 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) [24] has proven to be such an instrument for policy impact or
scenario assessment in the past [42-45].

The GFPM is a partial equilibrium model for the global forest products market that
simulates production, consumption and trade of wood and wood-based products in 180
countries. The model structure distinguishes between raw, intermediate and end prod-
ucts. The GFPM has been used to analyze possible effects of trade barriers [46,47], pay-
ments for the compensation of greenhouse gas emissions [47,48] or possible benefits and
losses from international trade in the forest-based sector [49]. Schier and Weimar [42] in-
troduced an advanced version of the GFPM, the GFPMcnc. The GFPMenc differentiates
industrial roundwood and sawnwood into coniferous and non-coniferous industrial
roundwood and sawnwood, respectively. Subsequently, intermediate and end commod-
ities are hence to be produced from a mix of coniferous and non-coniferous industrial
roundwood. This modification has been successfully implemented, tested and applied in
previous studies [42,50]. For this study, the GFPMcnc is recalibrated according to the pro-
cedure introduced in Schier et al. [51]. For the sake of simplicity, in the following text we
refer to “GFPM”; however, explanations are valid for both model versions: GFPM and
GFPMcnc. The input data for calibrating the GFPM are obtained from three global data-
bases: The FAO forestry statistics [17], the FAO Forest Global Resources Assessment [21]
and the World Bank [52]. The model output comprises information about production, con-
sumption and trade quantities, supply and demand prices as well as forest area develop-
ment.

Scenario simulations with the GFPM are guided by parameters and assumptions
shaping possible future developments. In the GFPM model framework, wood products
are implicitly assumed to be perfect substitutes, regardless of their origin, as long as they
belong to the same commodity group. As the optimization of the market equilibrium in a
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given state does not include an elasticity of substitution, demand is merely shifted by
changes in income and price [8] whereas supply depends on changes in wood prices and
forest stock. The development of the gross domestic product (GDP as an indicator for
economic income) is an important exogenous driver of change in the GFPM. As demand
for wood-based products is positively correlated to income, an increase in income basi-
cally leads to an increase in demand. Forest development and thus, timber supply is cou-
pled to GDP per capita developments based on the concept of the environmental Kuznets
curve [53]. In the equilibrium processes, product supply, demand and price formation are
balanced for each simulation period. This study relies on assumptions about future GDP
developments and population growth as stated in the “Middle of the road” scenario de-
scribed in “The Shared Socioeconomic Pathways” (the so called SSP2 scenario). This scenario
describes a world of modest population growth and where social, economic and techno-
logical trends continue similarly to historical patterns [54]. Further exogenous scenario
specifications are the same as published in the GFPM [24] version 1-29-2017-World500
(available at https://onedrive.live.com/?au-
thkey=%21AEF7RY70APIrDPk&id=93BC28B749A1DFB6%21118&cid=93BC28B749A1DF
B6, accessed on 10 June 2022) with the exception of demand elasticities of income and
price for coniferous and non-coniferous sawnwood. These are taken from the estimations
carried out by Morland et al. [55]. The base year for the scenario simulations with the
GFPM is 2017. Based on the GFPM input data described in Section 2.3, we run the refer-
ence scenario (RSC). In RSC, no specific restrictions on roundwood production for the EU
are assumed.

3. Results

We present the main modelling results by first focusing on the EU roundwood pro-
duction (Section 3.1) and then differentiating into impacts on industrial roundwood and
fuelwood production (Section 3.1.1) and connected trade effects (Section 3.1.2). In Section
3.2, we present the findings on the main wood-based product groups. Results on the trade
of wood-based products and the implication on apparent domestic EU consumption (pro-
duction plus imports minus exports of EU countries) of wood and wood products are
presented in detail in Table A7. Section 3.3 informs about the main production leakage
effects of roundwood and wood-based products.

3.1. Impact on EU Roundwood Production

Total roundwood production includes industrial roundwood, differentiated into co-
niferous and non-coniferous, other industrial roundwood and fuelwood production. Eu-
ropean roundwood production in the base year 2017 is simulated at 473.6 M m?. In the
RSC, it increases to 539.4 M m3 in 2030 and further to 586.0 M m?3 in 2050. In the ISC, total
EU roundwood production is roughly 48% and 58% lower and amounts to 281.8 M m?in
2030 and to 247.8 M m? in 2050, respectively. In the MSC, the European roundwood pro-
duction is roughly 9% and 11% lower in 2030 and 2050, respectively, and amounts to 489.5
M m?® and 521.2 M m? (Figure 2).
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Figure 2. EU roundwood production (industrial roundwood + fuelwood) development in the refer-
ence (RSC), moderate (MSC) and intensive scenario (ISC) up to 2050 [authors’ results] as well as
historical development data (His) [17].

3.1.1. Impact on Industrial Round and Fuelwood Production

EU production of coniferous industrial roundwood in the base year 2017 is 278.1 M
m?. In the RSC, it increases to 343.5 M m? up to 2050 (Figure 3). In the ISC, its production
in 2030 is 48% lower than in the RSC. Up to 2050, the production further decreases and
accounts for 42% of the production in the RSC. In the MSC, the production of coniferous
industrial roundwood increases moderately towards 2050 and is only 10% lower than in
the RSC (Table A7).

In 2017, EU production of non-coniferous industrial roundwood amounts to 76.3 M
m3. In the RSC, it increases up to 2050 (Figure 3). In the ISC, the production of non-conif-
erous industrial roundwood is reduced by 48% and 53% in 2030 and 2050, respectively. In
the MSC, production steadily increases up to 2050. However, in comparison to the RSC,
this equals a minus of 10%, respectively (Table A7).

In the base year 2017, the production of fuelwood is estimated at 112.3 M m3. In the
RSC, it moderately increases until 2050 (Figure 3). In the ISC, it strongly decreases to 52%
and 37% of the reference production in 2030 and 2050, respectively. In the MSC, the fuel-
wood production in 2030 and 2050 is 9% and 15% lower compared to the RSC (Table A7).
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Figure 3. EU roundwood production by wood types in RSC (blue), ISC (orange) and MSC (grey).
IndRoundNC and IndRoundC refers to non-coniferous and coniferous industrial roundwood, re-
spectively [authors’ results].

3.1.2. Trade Effects in European Roundwood Markets

The imports of EU countries of roundwood (fuelwood and industrial roundwood) in
the base year 2017 is simulated at 56.7 Mio. m3. In the RSC, EU roundwood imports from
non-EU countries increase to 105.8 Mio. m® up to 2050. Coniferous industrial roundwood
accounts for the majority of roundwood imports. Both coniferous and non-coniferous in-
dustrial roundwood imports nearly double up to 2050 in the RSC whereas import volumes
of fuelwood are both small but also show strong relative increases (Table A7). Please note
that Figure 4 describes aggregated import of all EU countries and, hence, does not con-
sider intra-EU trade.

In both implementation scenarios, the import quotas of coniferous industrial round-
wood exceed those of the RSC. In 2030, the EU import volume in ISC is higher than in the
MSC whereas in 2050, the imports in the MSC exceed those in the ISC.

As in the RSC, European import volumes of non-coniferous industrial roundwood
also increase in both implementation scenarios. In the MSC, imports develop similarly to
those of the RSC, but always range higher, whereas in the ISC, the import volumes of non-
coniferous industrial roundwood are steadily below those of the RSC (Figure 4).

Under both implementation scenarios, fuelwood imports are higher as compared to
the RSC. After 2030, fuelwood imports develop differently under the ISC and MSC. As a
result, the ISC import volume is twice as high as the MSC import volume in 2050 (Figure
4).
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Figure 4. EU roundwood imports from non-EU countries by wood types in the RSC (blue), ISC
(orange) and MSC (grey). IndRoundNC and IndRoundC refers to non-coniferous and coniferous
industrial roundwood, respectively [authors’ results].

The export of coniferous industrial roundwood to non-EU countries declines in all
three scenarios (Table A7). However, it only moderately decreases in the RSC and MSC.
In the ISC, exports strongly decline over the entire simulation period. In contrast, Euro-
pean exports of non-coniferous industrial roundwood increase in the RSC and MSC, re-
spectively. Contrarily, in the ISC, resources are strongly restricted and non-coniferous in-
dustrial roundwood exports decrease. European exports of fuelwood slightly increase in
the RSC whereas in both implementation scenarios, exports decline considerably up to
2050.

3.2. Impact on European Production of Wood-Based Products

Due to the reduction of EU roundwood supply, a decline in production activities in
the wood processing sector can be observed especially in the ISC (Figure 5). We observe a
significant increase in industrial roundwood prices up to 2030 and thus, increasing prices
of wood-based products (4% to 16% in 2030 compared to the RSC). In turn, this negatively
affects competitiveness in national and international markets.
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Figure 5. EU production of wood-based products by sectors in RSC (blue), ISC (orange) and MSC
(grey). Wood-based materials comprises veneer and plywood as well as particle and fiberboard;
papers include newsprint, printing and writing paper and paper and paperboards [authors’ results].

3.2.1. Sawnwood

The aggregated EU production of coniferous and non-coniferous sawnwood in the
base year 2017 amounts to 107.3 M m3. In the RSC, production volumes strongly increase
up to 2050 (Table A7). Although the European apparent domestic consumption of sawn-
wood changes little over time, most of the growing production in the RSC is exported
(Table A7).

In the ISC, the production of sawnwood decreases considerably. It corresponds to
62% and 56% of the reference production in 2030 and 2050, respectively, and remains be-
low the production volume of 2017. In the MSC, sawnwood production is less affected. It
also increases up to 2050 but is 6% and 5% below the reference production (Table A7).

In the ISC, the sector suffers from raw material scarcity and the highest price in-
creases among wood-based products (+16% in 2030, +8% in 2050). Compared to the RSC,
the EU consumption decreases by only 3% to 81.0 M m? in 2050, which can be explained
by a strong reduction in exports, whereas imports increase. Thus, exports do not evolve
but EU consumption can still be satisfied to a large extend. In the MSC, roundwood sup-
ply to sawnwood industries is only slightly affected, which causes only small price effects
(1% to 2%). Sufficient raw materials and competitive prices allow the sawnwood industry
to maintain and enlarge their production volumes. Again, the production surplus is
mostly exported whereas European consumption only changes a little.

3.2.2. Wood-Based Panels

In the base year 2017, the simulated EU production of wood-based panels including
veneer and plywood amounts to 61.3 M m3. In the RSC, it steadily increases up to 2050
(Table A7). In the ISC, the production volume significantly decreases and corresponds to
71% and 72% of the reference production in 2030 and 2050, respectively. In the MSC, EU
production follows the trend of the RSC but is around 4% and 5% below the reference
level in 2030 and 2050, respectively.

The European consumption of wood-based panels increases in all three scenarios up
to 2050 whereas both imports and exports decrease (Table A7). The magnitude of change
is similar in the RSC and MSC. In the ISC, exports are reduced by 50% up to 2050 com-
pared to the base year. At the same time, imports are higher than the reference imports
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but remain lower than in the base year. Thus, the EU production deficit is compensated
by comparatively lower exports and slightly higher imports.

3.2.3. Wood Pulp and Paper and Paperboard

The EU wood pulp production is simulated at 36.6 M t in 2017. In the RSC, the pro-
duction of paper pulp in the EU increases to 44.6 M t in 2050. In the ISC, paper pulp pro-
duction decreases to 45% in 2030 and to 49% of this reference production in 2050. In the
MSC, paper pulp production is 5% lower than the reference production in 2030 and 2050,
respectively (Table A7). Exports almost double up to 2050 in the RSC and MSC. In the ISC,
exports decrease up to 2030 and stabilize at the level of 2017 in 2050 (Table A7). Imports
increase in all scenarios to comparable levels (Table A7).

The EU paper and paperboard production amounts to 88.5 M t in the base year 2017.
In the RSC, it increases up to 2050 but in the ISC and MSC, the production is reduced by
7% and 1% in 2050, respectively (Table A7).

Altogether, paper industries seem to be less affected by a reduction of the round-
wood supply as a possible effect of EUBDS implementation. This can be explained by the
high quota of wastepaper input in the manufacturing process as well as with the under-
lying technological progress in the raw material utilization. The European consumption
of paper products remains constant in the MSC and only decreases by 1% under the ISC.
This can be explained by declining exports of paper products from the EU to non-EU
countries.

3.3. Production Leakage
3.3.1. Total Roundwood

In the ISC, the introduction of an exogenous upper production limit results in an
actual decrease in EU total roundwood production of 339.0 M m? in 2050 compared to the
RSC. Thus, the EU’s total roundwood production is 58% below than that of the RSC.
Around 179.1 M m?® (53%) of this decrease is compensated through additional production
in countries outside the EU, whereas 160.0 M m?® are no longer produced worldwide. In
2050, the EU production deficit is mainly compensated by increased production of round-
wood in the USA (to where 21% of the production deficit is shifted), Russia (14% of the
production deficit), Canada (14% of the production deficit), China (9% of the production
deficit), Brazil (7% of the production deficit) and Ukraine (7% of the production deficit)
(Figure 6). In the MSC, a decrease of the EU roundwood production by 66.9 M m? in 2050
compared to the RSC is simulated. Thus, the production is about 11% below that of the
RSC. Roughly 40.6 M m3 (63%) of this reduction is offset by additional production vol-
umes in countries outside the EU27 whereas 24.1 M m? are no longer produced world-
wide. In the MSC, in 2050, the EU production is mainly offset by increased production of
roundwood in the USA (to where 17% of the production deficit is shifted), Canada (16%
of the production deficit), Ukraine (12% of the production deficit), Russia (10% of the pro-
duction deficit), South Africa (8% of the production deficit), China (7% of the production
deficit) and Brazil (6% of the production deficit).
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Figure 6. Roundwood production in countries with the greatest changes (ranking of countries is
according to changes in ISC vs. RSC) and the EU: RSC (blue), ISC (orange), and MSC (grey) in 2050
[authors’ results].

Industrial Roundwood

In the ISC, 60% of coniferous and 59% of non-coniferous industrial roundwood pro-
duction deficit are offset by increasing production in non-EU countries. The production
of coniferous industrial roundwood is shifting mainly to the USA (26%), Russia (20%) and
Canada (19%). The production of non-coniferous industrial roundwood is shifting mainly
to China (25%), the USA (17%), Brazil (13%) and Indonesia (12%). However, in both seg-
ments, about 40% (coniferous industrial roundwood) and 41% (non-coniferous industrial
roundwood) of the production deficit is no longer produced worldwide and may be sub-
stituted by products made from other raw materials.

In the MSC, roughly 64% of the coniferous and 59% of the non-coniferous industrial
roundwood production deficit is compensated by additional production volumes in a
third group countries. Here, 27% of the coniferous industrial roundwood production of
the EU shifts to Canada, a further 24% to the USA and 15% to Russia. Non-coniferous
industrial roundwood production shifts from EU to China (28%), the USA (17%), Brazil
(15%) and Indonesia (14%). However, 36% of coniferous industrial roundwood and 41%
of non-coniferous industrial roundwood are no longer produced worldwide.

Fuelwood

In the ISC, about 67% of the fuelwood that is no longer produced in the EU is not
compensated by an increased fuelwood production in non-EU countries. Thus, only 33%
of the production deficit is offset by additional production volumes outside the EU. In the
MSC, we observe the reverse effect; about 65% of the declining fuelwood production is
offset through increasing production outside the EU whereas only 35% is no longer con-
sumed. In both scenarios, the production is mainly shifting to Ukraine (39% and 38%) and
South Africa (19% and 27%) as well as to Bosnia Herzegovina (11% ISC) and Russia (6%
MSC).

3.3.2. Sawnwood

In both implementation scenarios, sawnwood production in part shifts to non-EU
countries (Figure 7). In the ISC, aggregated production of sawnwood of non-EU countries
is 65.8 M m? higher than in the RSC in 2050. The countries with the largest shares in
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additional production volumes are China (61%), USA (10%), Russia (9%), Turkey (7%)
and Canada (6%) (Figure 6). Globally, the aggregated production volumes of sawnwood
in the ISC are nearly 2% lower compared to the RSC in 2050. In addition to lower produc-
tion volumes in EU countries, countries also characterized by lower production volumes
compared to the RSC are Cameroon (-1.2 M m?®) and Vietnam (0.9 M m3).

In the MSC, production outside the EU increases by 8.3 M m?® compared to the RSC
in 2050. The countries with the highest share in additional production volumes are, again,
China (46%), the USA (27%), Russia (16%), Turkey (9%) (Figure 6) and Brazil (9%),
whereas other non-EU countries production significantly decreases (e.g., Malaysia —0.9 M
m?3, New Zealand -0.4 M m3). The global production volumes only differ marginally be-
tween the MSC and RSC.

Russia Turkey Canada

ERSC W |SC mMSC

Figure 7. Sawnwood production of the countries with the greatest changes (ranking of countries is
according to changes in ISC vs. RSC) and the EU: RSC (blue), ISC (orange) and MSC (grey) in 2050
[authors’ results].

3.3.3. Wood-Based Panels

The reduction of EU production and export volumes of wood-based panels (Table
A7) is compensated by increasing production of wood-based panels outside the EU (Fig-
ure 8). In 2050, the aggregated production of non-EU countries is 12.4 M m? higher in the
ISC than in the RSC. Figure 8 shows that the main shares in additional production are held
in Malaysia (26%), China (21%), Thailand (20%), Russia (17%) and Canada (10%) (Figure
8). However, globally, the production of wood-based panels in the ISC in 2050 is about
2% lower than in the RSC. Besides lower production volumes in the EU, we also observe
decreases of production in non-EU countries, among them Indonesia (2.1 M m?), Brazil
(-1.5 M m?) and the USA (0.3 M m?). In contrast, the global production of wood-based
panels is similar in the RSC and MSC. The aggregated production of non-EU countries is
only 2.2 M m?® higher whereas the major shares in additional production volumes are held
in Canada (29%), Thailand (23%), Russia (22%) and Brazil (20%). China, on the other hand,
decreases its production compared to the RSC (-0.7 M m3).
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Figure 8. Wood-based panels production (including veneer and plywood) of the countries with the
greatest changes (ranking of countries is according to changes in ISC vs. RSC) and the EU: RSC
(blue), ISC (orange) and MSC (grey) in 2050 [authors’ results].

3.3.4. Wood Pulp

The reduced EU pulp production in the ISC is partly offset by increasing production
volumes in non-EU countries (+9.7 M t in 2050 worldwide). Brazil (41%), Indonesia (32%),
Japan (20%) and Canada (12%) hold major shares in additional pulp production volumes
especially. In the MSC, non-EU countries do not significantly change their overall produc-
tion volumes. However, in addition to EU countries, the USA (1.2 M t) also reduces its
pulp production. This deficit is compensated by additional production in other non-EU
countries. The production of waste paper in the EU is 47.6 M t in the base year 2017. It
continuously increases to 54.9 M t in 2030 and to 65.1 M t up to 2050. In both implemen-
tation scenarios, waste paper production differs only slightly from the RSC (less than 1%).

3.3.5. Paper and Paperboard

In the ISC, the production of paper and paperboard is 7.5 M t (7%) lower compared
to the RSC. In addition to EU countries, non-EU countries such as USA (4.0 M t, —4%),
Brazil (-1.4 M t, —8%), Australia (-1.1 M t, -17%) and Russia (-0.7 M t, —=5%) also produce
fewer paper and paperboard products in the ISC. However, this decrease in production is
mainly compensated by China (+5.6 M t, +3%) and Indonesia (+0.7 M t, +3%) (Figure 9).
Overall production of paper products does not significantly change in non-EU countries
in the MSC. However, in addition to the EU, the USA also observes a reduction in paper
products production compared to the RSC (-1.5 M t), whereas China experiences an in-
crease in production (+1.2 M t).
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Figure 9. Production of paper and paperboard in the countries with the greatest changes (ranking
of countries is according to changes in ISC vs. RSC) and the EU: RSC (blue), ISC (orange) and MSC
(grey) in 2050 [authors’ results].

4. Discussion

The aim of the present analysis is to quantitatively assess possible impacts of EUBDS
implementation on roundwood supply, production of wood-based commodities as well
as trade in roundwood and wood products. The presented results are scenario results and
thus, are not be interpreted as prognoses, but as answers to a “what if” type of question.
The nature of scenarios make them very suitable for forest product market analysis and
modelling. Thereby, scenarios describe possible journeys to different future states [56]. It
is important to bear in mind that they do not claim to become reality but provide a hypo-
thetical construct of possible futures including probable, possible and desirable develop-
ments [23]. In contrast to scenarios, prognoses provide data about future developments
which maybe expected to manifest. Such information is backed by, e.g., the statistical ex-
trapolation of present and past trends [57]. We neither state that our assumptions nor re-
sults are statistically representative nor do we carry out statistical prognoses that claims
to become reality.

The model used for the calculations aims at covering the complex interactions of de-
mand and supply on global wood markets, but it still is by definition a simplification of
reality and subject to a number of uncertainties. Its relevance also depends on how well
the underlying assumptions reflect reality [58]. One basic assumption is the magnitude of
the reduction of roundwood production in the EU after implementing EUBDS. In our
study, it is estimated based on protected area coverages and derived reduction of round-
wood production in Germany. We acknowledge the variability of forest structure, extent
of protected areas, existing conservation measures and possible different EUBDS imple-
mentation approaches in EU member states. However, detailed data on these indicators
have not been available within the scope of this study. Further, as EU member states are
responsible for the national EUBDS implementation, information on the national discus-
sion processes on possible EUBDS implementation would have been also required to draft
country-specific scenarios. Due to the lack of this information, we designed the implemen-
tation scenarios based on German data. The two EUBDS implementation scenarios open
a plausible range of EUBDS implementation impacts on roundwood production.

By the end of January 2022, the European Commission had published criteria and
guidance for identifying and designating additional protected areas and appropriate
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management planning. The document is the result of extensive consultations with the
member states [59]. However, those criteria and guidance are non-binding as member
states remain responsible for the actual EUBDS implementation on the national level. Fur-
thermore, the criteria and guidance do not provide information that renders our two im-
plementation scenarios implausible. Thus, future possible reduction of roundwood pro-
duction and its impact on forest product markets will possibly vary between member
states within the impact range presented in this study.

The response of wood products markets is of crucial importance in evaluating the
overall impacts of a target policy [60]. Here, our results show that EUBDS implementation
very likely reduces European roundwood production (Figure 10).

Our study shows that reductions of coniferous industrial roundwood production in
both implementation scenarios are not compensated by increasing imports of the EU but
mostly by a reduction in roundwood use in EU wood-processing industries. Whereas in
the ISC, 60% of the EU production deficit of coniferous industrial roundwood (118.1 M
m?) is compensated by increasing production of industrial roundwood in non-EU coun-
tries (see Section 3.3), the EU import surplus compared to the RSC only offset less than 1%
of reduced coniferous industrial roundwood production and accounts for an additional
5.8 M m? in 2050 (Table A7). This effect is much more moderate in the MSC: 64% of the
34.4 M m? EU production deficit is compensated by higher coniferous industrial round-
wood production in non-EU countries. From this production surplus, the EU imports 8.3
M m?3 coniferous industrial roundwood and thus, compensates 25% of the production def-
icit with imports in 2050 (Table A7).

In both implementation scenarios, the reduced EU production of non-coniferous in-
dustrial roundwood is also not compensated by imports into the EU. In the ISC, imports
even decline in comparison to the RSC (Table A7). Thus, the EU does not only produce
60.4 M m?3 less non-coniferous industrial roundwood in 2050 (of which 35.6 M m?3 are offset
by increased production in non-EU countries), it also imports 4.7 M m? less. In the MSC,
59% of the nearly 11.6 M m? production deficit is compensated by increasing production
in non-EU countries. Of this, the EU imports 1.6 M m?3, i.e., compensates 14% of its pro-
duction deficit with imports in 2050 (Table A7).

The fuelwood production deficits in both implementation scenarios are only partly
compensated for as well. Imports offset almost 75% and 33% in the MSC and ISC, respec-
tively. However, in both implementation scenarios, less fuelwood is used in EU countries
(Table A7).

In short, we see that a reduction of EU roundwood production has two effects: it
leads (i) to an increased roundwood production in non-EU countries and (ii) to decreasing
production volumes of downstream wood-processing sectors in the EU (Figure 10a).
However, the magnitude of impacts differs across the affected sectors. Compared to the
sawnwood and wood-based panel sectors, quantitative differences in the production of
wood pulp as well as paper and paperboard between the scenarios remain small. Most
affected is the sawnwood production, which is, at least in quantitative terms, the most
important end use product in wood product markets [39]. On the EU level, decreasing
production in wood-processing industries (Figure 10a) is accompanied by a rather con-
stant apparent domestic consumption of wood-based products in the EU (Figure 10b). The
constant apparent domestic consumption can be explained by the underlying socioeco-
nomic model assumptions: GDP development was adopted from the SSP2 scenario and
equally applied in the RSC, ISC and MSC. In addition, price elasticities of demand used
for simulations are rather inelastic and thus contribute to this effect (see below). The re-
duced inner-European production is compensated by slightly increasing imports and sig-
nificantly declining exports in the sub-sectors (Table A7).
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Figure 10. Level of EU production (a) and consumption (b) of industrial roundwood (IndRound),
fuelwood, sawnwood, wood-based panels, pulps and papers in ISC (orange) compared to the RSC
(blue). Radar plots mirrors the relative (a) production and (b) consumption levels in ISC measured
to production and consumption of RSC (represented by 100%) in 2050 [authors’ results].

When interpreting the magnitude of leakage observed in the present study, two in-
fluencing key parameters must be kept in mind: substitutability of products and the re-
sponse pattern of supply and demand to changes in product prices.

In the GFPM model framework, wood products are implicitly assumed to be perfect
substitutes and the optimization of the market equilibrium does not include an elasticity
of substitution. Instead, demand is merely shifted by changes in income and price whereas
supply depends on changes in price and forest stock. These assumptions could lead to an
overestimation of the magnitude of leakage because they ease the relocation of production
from one region to another [2,8]. In fact, wood products are rather homogenous and ex-
changed in global markets without important barriers, which increases their substituta-
bility [9]. In addition, Gan and McCarl [6] found that the degree of substitution between
products does not severely impact the intensity of occurring leakage. This makes the forest
sector particularly vulnerable to leakage [9]. These findings support the two major as-
sumptions we made in our study: the assumption of perfect substitution among wood
products originating from different regions and of homogenous commodities.

In the applied version of the GFPM, price elasticities of supply and demand are the
same across all countries worldwide. Magnitude of leakage is thus not influenced by di-
vergent market response pattern in different world regions. However, Murray et al. [8]
and Jonssson et al. [2] found that leakage increases with increasing price elasticity of sup-
ply and decreasing price elasticity of demand. The underlying model version applies elas-
tic supply elasticities for roundwood products and inelastic to nearly unit elastic demand
elasticities. Having the former statement in mind, the combination of relatively elastic
supply elasticities and relatively inelastic demand elasticities could lead to an overesti-
mated degree of leakage.

To put our results on the magnitude of leakage to the test, we re-run the ISC with (i)
unit elastic supply elasticities and (ii) more elastic demand elasticities (all demand elastic-
ities are changed by the factor -0.5).

As suggested, EU supply of industrial roundwood is higher in 2050 in both alterna-
tive scenario runs of the ISC with changed elasticities. The influence of the unit elastic
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price elasticity of supply is stronger than the influence of more elastic price elasticities of
demand (+12% supply vs. +5% supply) compared to the ISC. However, trade patterns of
industrial roundwood do not significantly change in absolute terms. Instead, increasing
supply translates into increasing intraEuropean use of roundwood while EU-induced pro-
duction leakage of industrial roundwood to other countries is not affected. Increasing EU
raw material availability leads to increasing production of sawnwood within the EU.
Again, this increase is stronger assuming unit elastic supply elasticities (+12%) than as-
suming more elastic demand elasticities (+5%). Since apparent EU consumption in both
alternative scenarios of the ISC with changed elasticities slightly decrease compared to the
ISC (7% for unit elastic price elasticity,~2% for more elastic demand elasticity), EU net-
trade for sawnwood increases by 17 M m? and 8 M m? with unit elastic price elasticities of
supply and more elastic price elasticities of demand, respectively. Thus, we observe a
slight reduction of leakage due to changes of production, demand and trade pattern in the
sawnwood sector. Changes in the plywood and wood-based panels sector do not affect
the EU-induced production leakage. However, compared to the total magnitude of leak-
age observed in the ISC, these deviations do not appear to substantially change the basic
results.

In addition to the findings above, the estimates on the magnitude of leakage made in
the present study seem to be rather conservative compared to Dieter et al. [16] and Kallio
et al. [9] (see below). Taking the former considerations into account, we conclude that the
pre-set supply and demand elasticities do not lead to a significant increase of possibly
occurring leakage effects as estimated in the present study. However, a thorough analysis
on the influence of varying key parameters on the extent of leakage in the given context
would be an interesting task for future studies.

In contrast to the preliminary study on production leakage carried out by Dieter et
al. [16], the two implementation scenarios modelled in the present study open a range of
possible protected area coverage and resulting roundwood production. In both studies,
Dieter et al. [16] and the present one, the USA is the country with the strongest increases
in roundwood production in the ISC compared to the RSC. However, in the present study
and in absolute terms, additional production volumes of the USA are simulated to be
lower than in Dieter et al. [16]. In addition, the countries with the main shifts in production
differ between the studies. In particular, China plays a more central role for roundwood
production in the present study compared to Dieter et al. [16].

When interpreting these diverging modelling results, it must be borne in mind that
production, trade and demand developments, both for the RSC and for the EUBDS imple-
mentation scenarios, are influenced by exogenous projections of global income as well as
the underlying assumptions regarding future forest development and other exogenous
parameters, e.g., technological trends. The model version used here is based on the socio-
economic development pathway offered by the SSP 2 scenario [20] and forest data from
the most recent FAO Forest Resources Assessment [21], whereas the study of Dieter et al.
[16] uses a GFPM version based on the IPCC scenario Al [18] and the Forest Resources
Assessment 2010 [19]. Since the present study uses more recent data on socio-economic
and bio-physical forest development, the different developments of roundwood produc-
tion capacities in Dieter et al. [16] and this study and thus the different results on produc-
tion leakage effects, are partly due to the different underlying economic and bio-physical
assumptions on GDP growth rates and forest development. This finding is backed by
Buongiorno and Johnston [61] and [62], who underline that economic data and model pa-
rameter estimations are crucial factors for the outcome of market model projections. Since
this study does not model the partial effect of changing the underlying socio-economic
model parameters, we cannot precisely identify singular effects of changing exogenous
model drivers such as GDP, population and forest developments. However, we can state
that both roundwood production capabilities and the list of non-EU countries in which
increased roundwood production is evident, change depending on income, population
and forest development projections.
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Kallio et al. [9] carried out a model-based study on harvest leakage due to the imple-
mentation of reference levels for EU forest carbon sinks and the following restricted use
of forest resources. They found that climate protection policy restrictions on domestic raw
wood production led to relocation effects in a third group of countries. The relative com-
pensation of the EU production deficit by higher roundwood production in non-EU coun-
tries is smaller in the present study. Between 53% (ISC) and 63% (MSC) of the roundwood
production deficit are compensated by production leakage to other countries. In Kallio et
al. [9], about 79% of the roundwood harvests in the EU (including Norway) are offset by
a corresponding harvest increase in the rest of the world.

However, the main shift of production leakage observed in this study seems to be
reasonable. The main countries affected by increasing total roundwood production in
2050 are the USA and Canada (37% of total production leakage). This magnitude is similar
to the findings of Kallio et al. [9]. However, in the present study, the share of shifts to
Russia is larger (25%). In addition, the role of Asia in compensating production leakage is
more important. China alone accounts for 22% of production leakage, whereas Kallio et
al. [9] estimated production leakage to Asia to be only 8%. Furthermore, in contrast to
Kallio et al. [9], the role of South America is smaller. Brazil as the main South American
producer only accounts for 21% whereas in the analysis by Kallio et al. [9], South America
is the main compensating region, offsetting 39% of the total production leakage.

Regarding the magnitude of leakage in dependence of the spatial area affected by the
protection measure, the present study demonstrates that the mutual implementation of a
policy on a large geographical and economic scale may indeed reduce overall production
leakage in absolute terms. Thus, our results show that EU production deficits are only
partially offset by increasing production volumes of wood and wood-products in non-EU
countries. Even though relative leakage is maybe smaller compared to leakage effects ob-
served for smaller conservation projects, total quantity of wood and wood-products that
are additionally produced in countries outside the EU aresubstantial due to size and eco-
nomic importance of the EU market. In addition, it must be kept in mind that quantities
of wood products that are no longer being produced and consumed worldwide are po-
tentially substituted by non-bio-based resources.

Our results show that Russia is among the countries with the strongest increases in
roundwood production under the implementation scenarios. However, our study neither
considers the Russian ban on log exports that entered into force in January 2022 nor pos-
sible consequences in production and trade of wood production due to the Russian mili-
tary attack started in February 2022 in Ukraine. A consideration of further restrictions
concerning the availability and trade of wood products from Russia could again change
the results concerning the relocation effects from the implementation of the EUBDS. How-
ever, one shortcoming of the present work is that bilateral trade flows are not simulated
in the version of GFPM used here. Thus, no direct trade shifts or bilateral production leak-
age effects between individual countries can be shown. The calculation of bilateral trade
flows to quantify direct leakage effects would provide a good basis for assessing political
options for action to reduce leakage in a future study.

5. Conclusions

An internationally growing demand for wood products, whether due to globally ris-
ing incomes or policies that promote the use of bio-based products, could translate into
growing production of European forest and wood industries. If a policy such as the
EUBDS restricts future roundwood production from European forests against growing
demand, this could have adverse impacts on national and international markets. The aim
of the present study is to quantitatively assess possible leakage effects as a consequence
of EUBDS implementation in two alternative scenarios. The scenarios describe possible
journeys to different future states [55]. They provide a hypothetical construct of possible
futures including probable, possible and desirable developments [23]. We claim that nei-
ther our assumptions nor results are statistically representative, nor do we carry out
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statistical prognoses that claim to become reality. Even though we model the effects on
production and trade of roundwood and wood-based products based on simplified as-
sumptions regarding the potential reduction of roundwood production, we open a plau-
sible range of the magnitude of the impacts the EUBDS implementation could have.

The production deficit of roundwood in the EU is partly offset by increasing produc-
tion volumes in non-EU countries (179.1 M m? (53%) and 40.6 M m? (63%) in the ISC and
MSC, respectively. Accordingly, 160.0 M m? and 24.1 M m? of roundwood are no longer
produced worldwide. Especially in the ISC, EU production volumes of the wood-pro-
cessing industries decline compared to the RSC (Figure 10a). In the GFPM, the develop-
ment of wood-products consumption is driven by exogenous scenario assumptions on the
regional GDP development over time. Since the assumptions on GDP development are
the same in the RSC, ISC and MSC, the apparent domestic EU consumption of wood-
based products remains rather constant across the scenarios (Figure 10b). However, the
trade volumes vary; especially in the ISC, the export volumes of wood-based products are
significantly lower than in the RSC, whereas the imports are higher (see Table A7).

From our results, we conclude that both the production of roundwood and wood
products shifts from the EU to non-EU countries to varying degrees. If the production is
relocated to countries with less efficient forest and biodiversity protection measures in
place, EU biodiversity objectives are counteracted. Further, on a global level, this could
lead to a growing use of non-bio-based but fossil resources to substitute wood-products.
This effect would clearly counteract the aim of, e.g., the EU Bioeconomy strategy and ac-
companying aims for climate protection.

However, our study shows that the magnitude of effects strongly depends on the
extent of restriction of forest resource use due to establishment of additional protected
areas. A moderate implementation that translates into a reduction of roundwood produc-
tion of less than 10% can be compensated by market mechanisms on the national and in-
ternational levels. The additional need of strictly protected areas here would have to pri-
marily come from other land users. The consequence would then probably be high leak-
age effects on agricultural product markets. An intensive implementation that implies a
strong production deficit would have a severe impact on EU wood products markets with
negative effects for, e.g., the development of EU wood-based industries, sectoral value
added, income and employment and net trade.

Despite the above-mentioned challenges of simplified modelling assumptions, this
study shows that it is important to accompany ongoing policy implementation processes
with evidence-based impact assessments, e.g., by using wood-product markets model-
ling. The application of a quantitative model such as the GFPM helps to test complex im-
pacts of the policy targets [29].

For the future, a dynamic, country-specific investigation of forest development and
the associated potential roundwood supply, in which the implementation of the EU bio-
diversity strategy is determined individually for each member country, is a desirable ex-
tension. It is probable that the implementation of the EU biodiversity strategy will have
different effects on national and international timber markets due to the different forest
resources of the individual EU member states. Furthermore, the intensity of roundwood
extraction in productive areas would probably be different. Consequently, the round-
wood production as well as production, trade and consumption of wood products would
develop different dynamics. In addition, the consideration of structural market breaks
such as the Russian export ban of roundwood together with possible war-related sanc-
tions against Russia as an important wood-producing country could be vital additional
steps in future analyses.

Author Contributions: Conceptualization: M.D., S.I, F.S,, B.S.,, HW.; methodology: F.S., B.S.,, HW.,
M.D,; formal analysis: B.S. and F.S.; data curation: B.S. and F.S.; writing —original draft preparation:
S.I and E.S.; writing —review and editing: S.I, .S, HW., B.S.,, M.D.; visualization: F.S., B.S., S.I. All
authors have read and agreed to the published version of the manuscript.



Forests 2022, 13, 1225

24 of 35

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank Christian Morland for fruitful discussion and sharing
his expertise as well as Cornelius Regelmann for valuable support in compiling tables and figures.
We also thank Dina Fithrmann for carefully proofreading the manuscript. We would like to thank
three anonymous reviewers for their suggestions and comments which helped us to improve the
quality of this work.

Conflicts of Interest: The authors declare no conflict of interest.



Forests 2022, 13, 1225

25 of 35

Appendix A

Table Al. Key figures related to forest area, growing stock and roundwood production and forest protection in EU member states. RW is Roundwood, ts ha is
thousand hectares, M is million, 0.b. and u.b. is over and under bark, respectively (Source: FAO [21], FAOSTAT [17], Forest Europe [31]).

Forest Area

Forest Area® Forest Area3 Forest Area® Forest Area?3

Forest Fore.st Growing RW Produc- RW Produc- RW Produc- within Protected in Protected in Protected in Protected in Protected
Growing Stock . . . .
Area Stock Density tion tion tion Intensity Areas, IUCN I- Areas, Areas, Areas, Areas,
I\ MCPFE1.14 MCPFE1.24 MCPFE134 MCPFE24
Database ! FAO 2022 FAOSTAT 2022 FAO 2022 Forest Europe 2020
Countries 2 tsha M m? o.b. m3/ha Mm3u.b. m3/ha m3/ha ts ha % tsha % tsha ] tsha % tsha %
Austria 5 3.881 1.146 295 18 5 0.02 852 22 0 0 30 1 472 12 333 9
Belgium 689 180 260 5 8 0.03 180 26 11 2 7 1 9 1 26 4
Bulgaria 3.833 680 178 6 2 0.01 704 18 58 2 77 2 22 546 14
Croatia 1.922 415 216 5 3 0.01 54 3 44 2 10 1 214 11 4 0
Czechia 2.668 768 288 16 6 0.02 147 5 28 1 99 4 34 1 599 22
Denmark 625 131 210 4 7 0.03 42 7 0 0 8 1 34 5 77 12
Estonia 2421 492 203 10 4 0.02 498 21 165 7 146 6 224 9 4 0
Finland 22.409 2.449 109 59 3 0.02 2.831 13 1913 9 629 3 276 1 922 4
France 16.836 2.856 170 50 3 0.02 3.826 23 0 0 129 1 3274 19 3.010 18
Greece 3.902 192 49 1 0 0.01 164 4
Hungary 2.061 379 184 3 0.02 458 22 4 0 9 0 647 31 216 10
Ireland 755 114 151 3 4 0.03 142 19 0 0 0 0 6 1 0 0
Italy 9.297 1.384 149 13 1 0.01 3.265 35 270 3 1491 16 1504 16 898 10
Latvia 3.391 656 193 12 4 0.02 544 16 9 0 198 6 186 5 163 5
Lithuania 2.187 537 246 6 3 0.01 460 21 26 1 87 4 90 4 151 7
Luxembourg 89 33 369 0 4 0.01 1 1
Netherlands 365 79 217 2 6 0.03 217 59 3 1 33 181 50
Poland 9.420 2.550 271 41 4 0.02 3.079 33 63 1 0 0 3016 32 451 5
Portugal 3.312 171 52 11 3 0.07 616 19 22 1 0 0 615 1 9 0
Romania ¢ 6.901 2.222 322 15 2 0.01 2.606 38 136 2 84 1 178 3 141 2
Slovakia 1.922 535 279 9 5 0.02 554 29 68 4 0 0 486 25 286 15
Slovenia 1.248 415 332 5 4 0.01 257 21 10 1 78 6 78 6 92 7
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Spain 18.551 1.059 57 17 1 0,02 7.400 40 36 0 494 3 2302 12 1.285 7
Sweden 27.980 3.478 124 74 3 0,02 2121 8 325 1 1.610 6 186 104
Min 89 33 49 0 0 0.01 42 3 0 0 0 0 6 1 0
Max 27.980 3.478 369 74 8 0.07 7.400 59 1913 9 1610 16 3274 32 3.010 5
Average 6.111 955 205 16 4 0.02 1.402 23 140 2 237 3 660 10 432 9
Median 2.990 536 207 9 4 0.02 549 21 27 1 77 2 214 6 172 7
Germany 11.419 3.663 321 69 6 0.02 3.306 29 0 0 220 2 308 27 5958 52

1Reference year: 2015. 2 Country list exclude Cyprus and Malta due to incomplete data. * Area overlaps: Protected area categories according to MCPFE not reported
without overlapping for all countries giving an overestimation of total protected area. * Definition of protected area categories available at (i) IUCN FAO [21],
Dudley with Stolton et al. [29]; (ii)) MCPFE: Forest Europe [31]. ® Austria reported “protected forests” according to the MCPFE criteria in 2015 only for the area
category “Total forest and other wooded land”, but not for the sub-area category “Forest”. For the present evaluation, therefore, the data for the area category
“Total forest and other wooded land” were used for Austria in contrast to the other member states. FAO [21] reported 3881 thousand ha “Forest” and 4013
thousand ha “Total forest and other wooded land” in 2015 for Austria. ® Romania reported “protected forest areas” only for 2005 which is why the data for this

reporting year were used here (Forest Europe [31]: 234).
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Germany covers 35.803 M ha, of which 11.125 ha are forests and 24.668 are non-forest
land use types. NW-FVA [35] determined the distribution of protected areas for natural
forest development (according to the German National Strategy on Biological Diversity
[34] and under the Habitats Directive (FFH sites) as well as under the Birds Directive (Spe-
cial Protection Areas (SPA)) in Germany (Table A2). Roder and Laggner [32] estimated
the protected areas in Germany by detailed land use categories (Table A3).

Table A2. Protected Areas in Forests and non-forest Land Use Types in 1000 ha (Source: NW-FVA
[35])-

Category Forest Non-Forest
Natural forest development 227 36
FFH area 1781 1377
SPA 792 1357
sum 2800 2770

Table A3. Protected areas in Germany by land use categories in 1000 ha (Source: Réder and Laggner
[32]).

Protection Level

Very . . Not
L - T High M L V L Total
and-Use Type High ig edium ow ery Low |, tected 10T
waters 12 88 240 65 45 159 608
agriculture 22 419 786 1358 3687 12,774 19,045
other open 44 218 151 60 121 438 1031
habitats
traffic and 1 20 48 81 772 3060 3983
settlements
All non-forest 79 744 1226 1563 4624 16,432 24 668
forest 161 743 1198 797 3572 4,654 11,125

All land-use types 240 1487 2425 2361 8198 21,092 35,803

very high: core zones of National Park and Biosphere reservations, high: buffer zones of Biosphere,
Reservations and Nature Reserves, medium: FFH areas and irregularly flooded areas, low: SPA ar-
eas and rarely flooded areas, very low: Nature Parks, transition zones of Biosphere Reservations
and landscape protection areas.
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Table A4. Area balance sheet of land use categories in Germany in 2020 and 2030 according to the goals of the MSC and ISC in 1000 ha [authors’ results].

Intensive Scenario (ISC)

Moderate Scenario (MSC)
Current: 2020 Changes Goal: 2030 Current: 2020 Changes Goal: 2030
Ger- Non-  Ger- Non-  Ger- Non-  Ger- Non-  Ger- Non-  Ger- Non-
Forest Forest Forest Forest Forest Forest
many Forest many Forest many Forest many Forest many Forest many Forest
Total area 35,803 11,125 24,668 0 0 0 35803 11,125 24,668 35,803 11,125 24,668 0 0 0 35,803 11,125 24,668

1. EUBDS-objective: legal protection of a minimum of 30% of the EU’s land area

3. EUBDS-objective: Effectively manage all protected areas, defining clear conservation objectives and measures and monitoring them appropriately.
0 0 0 14711 6471 8236

Total protected area ! 5570 2800 2770 5171 2600 2572 10741 5400 5341 14711 6471 8236
of that
Protected area with legal pro- 5306 2573 2733 1854 1569 286 7162 4142 3020 14471 6311 8157 —4664* -4164* -500* 9807 2147 7657
tection 2
2. EUBDS-objective: Strictly protect at least a third of the EU’s protected areas, including all remaining EU primary and old-growth forests.
of that
Protected area with strict legal 263 227 36 3317 1031 2285 3579 1258 2322 240 161 79 4664 * 4164*  500% 4904 4325 579
protection 3
of that
1064 1064

Primary forests and old-
growth forests *

1 ]Jegally protected areas including areas with and without roundwood production. 2 legally protected areas where roundwood production is possible under
designated management plans. 3 legally protected areas under natural forest development, i.e., without roundwood production.  no roundwood production. *

this area is transferred from general legal protection to strict protection.
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Table A5. German forest area balance sheet in 1000 ha by wood species to determine area require-
ments for MSC and ISC (in 1000 ha) [authors’ results].

Moderate Scenario (MSC)

Total Forest Area

Additional Area Required or Areas with Additional

Nature Conservation Measure

Wood Species Groups (WSG)

Strictly Protected Areas

Protected Areas

Accessible and

) Developin, Natural For-
Stocked Timber- Old-GrowI:h l§or- est Develop- FFH-Areas SPA-Ar-
land eas
ests ment
Oak 1130 91 104 22
Beech 3598 289 337 68
All deciduous trees 4727 379 441 90
Spruce 3164 254 27 81
Pine 2737 220 23 70
All coniferous trees 5900 474 51 152
Subtotal 853 491 241
of which without wood production according
to NFI 2012: nature conservation and protec- 178
tion forest
of which without Fil—i rrs;anagement require- 595 241
all tree species 10,628 1031 1569

Intensive Scenario (ISC)

Total forest area

Additional area required or areas with additional na-
ture conservation measure

Wood species groups (WSG)

Strictly protected areas

Protected areas

accessible and

stocked timber- Developing

Natural For-
old-growth for- est Develop- FFH-areas SPA-areas

land
ests ment
Oak 1130 119 309 268
Beech 3598 583 921 867
All deciduous trees 4727 702 1230 1134
Spruce 3164 246 892 70
Pine 2737 116 801 60
All coniferous trees 5900 362 1692 130
Subtotal 1064 2922 1265
of which without wood production according
to NFI 2012: nature conservation and protec- 178
tion forest
of which without FFH management require- 882
ments
All tree species 10,628 4164 2147
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Table A6. Roundwood stocks in Germany in different forest types to determine roundwood availability for MSC and ISC (in 1000 m? per a) [authors’ results].

WEHAM Sce-

. Moderate Scenario (MSC) Reduction
nario
Total Forest Additional EUBDS Protected Areas Total Forest %
Area Area
. Strictly Protected Areas Protected Areas
WEHAII:: ;f;:)i] ection without Develop- with EUBDS
EUBDS Im- ment- Natural Forest FFH Areas SPA Areas Implementa-
plementation Old-Growth Development tion
Forests
2018-2022 82,806 -6647 -634 -409 75,116 90.7%
2023-2027 73,048 -5863 =537 =361 66,286 90.7%
2028-2032 75,647 -6072 -563 -374 68,638 90.7%
2033-2037 75,028 -6022 -547 =371 68,087 90.7%
2038-2042 75,522 -6062 -549 -373 68,538 90.8%
2043-2047 75,636 —6071 -551 -374 68,640 90.7%
2048-2052 78,434 -6296 -554 -388 71,196 90.8%
2018-2052 76,589 -6148 -562 =379 69,500 90.7%
WEHAM see” Intensive scenario (ISC) Reduction
nario
Total forest Additional EUBDS protected areas Total forest %
area area
. Strictly protected areas Protected areas
WEHA;\S;E‘?QCUOH without  Develop- with EUBDS
EUBDS imple-  ment- Natural Forest implementa-
. FFH areas SPA areas .
mentation  old-growth  Development tion
forests
2018-2022 82,806 -15,280 -20,632 -1430 45,464 54.9%
2023-2027 73,048 -15,270 -17,654 -1163 38,961 53.3%
2028-2032 75,647 -17,192 -17,860 -1178 39,416 52.1%

2033-2037 75,028 -16,286 -17,948 -1134 39,660 52.9%
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2038-2042 75,522 -16,079 -18,162 -1157 40,124 53.1%
2043-2047 75,636 -15,802 -18,282 -1138 40,414 53.4%
2048-2052 78,434 -16,488 -18,927 -1131 41,887 53.4%
2018-2052 76,589 -16,057 -18,495 -1190 40,847 53.3%




Forests 2022, 13, 1225 32 of 35

Table A7. Development of EU production, import and exports (M m?, M t) of wood and wood-based
products in the reference, intensive and moderate scenario [authors’ results].

RSC ISC MSC
2017 2030 2050 2017 2030 2050 2017 2030 2050
production
total roundwood * 473 539 586 473 281 247 473 490 521
fuelwood 112 117 122 112 61 45 112 106 104
coniferous industrial roundwood 278 321 343 278 167 146 278 291 309
non-coniferous industrial roundwood = 76 95 113 76 50 53 76 87 102
sawnwood 107 134 168 107 83 94 107 125 158
plywood and panels 61 79 91 61 56 65 61 76 86
wood pulps ~ 37 37 45 37 21 23 37 35 42
paper and paperboards = 88 96 111 88 87 104 88 95 110
import
total roundwood 57 60 106 57 73 128 57 70 123
fuelwood 4 4 6 4 7 26 4 6 13
coniferous industrial roundwood e 35 37 70 35 48 76 35 43 78
non-coniferous industrial roundwood = 17 19 30 17 18 26 17 20 32
sawnwood 33 26 25 33 36 34 33 27 26
plywood and panels 30 11 9 30 18 16 30 11 10
wood pulps + 17 18 24 17 21 25 17 19 24
paper and paperboards = 46 26 24 46 29 25 46 26 23
export
total roundwood 44 47 59 44 25 16 44 40 49
fuelwood 4 4 6 4 2 0 4 2 1
coniferous industrial roundwood € 28 25 26 28 15 8 28 22 23
non-coniferous industrial roundwood = 12 18 28 12 8 8 12 16 25
sawnwood 56 75 110 56 39 47 56 67 101
plywood and panels 33 26 30 33 17 14 33 23 27
wood pulps =+ 13 17 30 13 9 14 13 16 28
paper and paperboard 62 41 38 62 36 33 62 41 36
apparent domestic consumption
total roundwood * 485 553 632 485 329 358 485 519 595
fuelwood 112 116 122 112 66 71 112 110 116
coniferous industrial roundwood e 285 333 388 285 200 213 285 312 364
non-coniferous industrial roundwood = 82 97 116 82 60 71 82 91 109
sawnwood 85 85 83 85 80 81 85 84 83
plywood and panels 58 64 70 58 57 67 58 63 69
wood pulps ~ 41 39 39 41 33 33 41 38 38
paper and paperboards = 72 81 97 72 80 96 72 81 97

* incl. other industrial roundwood.
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