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Abstract: Renewable energy targets in the European Union (EU) have raised the demand for timber
and are expected to increase dependence on imports. However, EU timber consumption levels are
already disproportionally high compared to the rest of the world. The question is, how much timber
is available for the EU to sustainably harvest and import, in particular considering sustainable forest
management practices, a safe operating space for land-system change, and the global distribution
of “common good” resources. This article approaches this question from a supply angle to develop
a reference value range for the current as well as future sustainable supply of timber at the EU-27
and global levels. For current supply estimates, national-level data on forest area available for wood
supply, productivity in that area, as well as the rate available for harvest were collected and
aggregated into three potential supply scenarios. For future supply estimates, a safe operating space
scenario halting land use change, a sensitivity analysis, and a literature review were performed. To
provide both a comparison of global versus EU sustainable supply capacities and to develop a
benchmark toward evaluating and comparing levels of consumption to sustainable supply
capacities, per capita calculations were made. Results revealed that the per capita sustainable supply
potential of EU forests is estimated to be around three times higher than the global average in 2050.
Whether a global or EU reference value is more appropriate for EU policy orientation, considering
both strengthened economic and cultural ties to the forest in forest-rich countries as well as the need
to prevent problem shifting associated with exporting land demands abroad, is discussed. Further
research is needed to strengthen and harmonize data, improve methods for modeling future
scenarios and incorporate interdisciplinary and multi-stakeholder perspectives toward the
development of robust and politically relevant reference values for sustainable consumption levels.

Keywords: monitoring; global land use; safe operating space; sustainable consumption and
production; targets; resource management

1. Introduction

EU citizens consume more timber annually than global citizens on average and their
consumption levels are expected to rise significantly over the next decades [1-3]. Meeting renewable
energy targets with wood will significantly increase EU timber demand. If the EU Renewable Energy
Directive targets of 2009 were to be realized, one study calculated that wood consumption for energy
generation would have to more than double between 2010 and 2030 (from around 346 million cubic
meters (Mm?3) to 752 Mm?), considering optimistic assumptions regarding efficiency gains and an
increased share of other renewables [4]. Meeting this increased demand through an increased harvest
of forests within the EU seems unlikely [2]. According to [1], “even if all measures for increased wood

Sustainability 2017, 9, 812; doi:10.3390/su9050812 www.mdpi.com/journal/sustainability



Sustainability 2017, 9, 812 20f 18

mobilization [in the EU] are implemented, wood industry demand and renewable energy targets can
hardly be satisfied from domestic sources in 2020” (p. 22). This implies an increased dependence on
imports and raises concerns as to how and where imported timber shall be sourced [5].

The key question is thus: how much timber is available for the EU to harvest and import
considering sustainability constraints? In this context, sustainability constraints relate in particular
to:

* the sustainable use of existing forests (how are forests managed and how much timber can be
sustainably extracted under those management conditions?)

*  global land use change, specifically the safe operating space for land-system change (how much
timber will be available if deforestation continues and how much land is available for expanding
the area of plantations?)

*  global distribution of “common good” resources considering equity and fairness (how much
should the EU consume and is the concept of “fair shares” appropriate for timber?).

With regards to the first consideration, the concept of sustainable forest management (SFM) has
evolved substantially over the last few decades. It has gone from viewing SFM through the lens of
sustainable timber supply only to widely recognizing that sustainability includes social, ecological,
and economic considerations across time, and that forests provide multiple services in each of these
areas that are worthy of maintaining [6-9]. What this means for timber production capacities in
quantifiable terms at a global scale is yet undefined. It does, however, imply that a massive shift
toward monoculture plantations or that mobilization of large-scale removal of residues and stumps
to source wood for energy may not be in keeping with sustainability considerations on the ground.

The importance of halting global land use change has emerged as one of the key sustainable
development challenges of this century. In particular, it is one of the nine planetary boundaries
[10,11], where it is argued that the conservation of global forest cover (e.g., at least of 54-75% of
original forest cover [12]) is critical to existing climate systems, as well as global biodiversity. With
regards to future timber consumption, this implies that possible land constraints for the expansion of
plantations exist, especially in tropical regions where maintaining forest area and quality is especially
crucial for preserving biodiversity.

Within the EU the need to pursue sustainable levels of consumption that respect resource
constraints and planetary boundaries has been recognized by the European Commission [13]. In
particular, in light of growing timber imports, the aim for sustainability seems to be finding a balance
between how much can be sustainably extracted globally and how much the EU has a “right” to
consume considering equity and fairness.

To this end, this article takes a first step toward developing a method to account for sustainable
timber supply capacities and to assess the applicability of results as benchmarks for sustainable
consumption levels of timber. In the future, such “benchmark indicators” (or reference values) could
be further developed to provide a direct comparison and basis for evaluating the sustainability of
e.g., timber “footprints”. The aim is to move beyond comparisons of national supply and demand
levels to develop a way to (a) include global pressures related to imports and (b) provide a future
orientation for informing policies consistent with the aims of, e.g., the Sustainable Development
Goals. As such, this article develops initial concepts and methodological building blocks, presents
rather indicative results, and discusses in detail the challenges related to data, methods, as well as
research with the aim of initiating a conversation about the need for such “benchmark indicators” as
part of an EU-wide systemic monitoring system for the sustainable use of natural resources.

Specifically, this article develops a reference value range for the current supply as well as future
supply taking into account land use constraints. Reference value ranges at both EU and global scales
are estimated in per capita terms and the appropriateness and applicability of both for benchmarking
the sustainability of EU consumption are discussed. The article concludes with a discussion of
challenges and future research needs, including the socio-ethical implications for reference values
with the perspective of development towards targets.
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2. Materials and Methods

Both global and EU reference value ranges were developed for (1) current levels of sustainable
supply and (2) future levels of sustainable supply; they were (3) transferred into per capita values.

2.1. Determining a Reference Value Range for the Current Levels of Supply

To estimate the amount of available timber under sustainable conditions, a range of national
level data was gathered, estimated, and aggregated to depict EU and world forests. This was done in
three steps by estimating for each country the:

*  Forest area available for wood supply (hectares (ha))

*  Productivity of that area (cubic meters per hectare and year (m? ha a™))

*  Rate at which that forest can be expected to sustainably supply timber (sustainable harvest level)
(m3a™).

Due to data variation as well as considerable data gaps, a range for each of the steps was
calculated to develop low, realistic, and high potential estimates. Table 1 describes the key definitions
and data sources for the first two steps. The realistic potential estimates distinguished natural and
semi-natural forests from fast-growing plantations. “Fast-growing” was defined by this study to
mean a Mean Annual Increment (MAI) above 14 m3 ha™ a™ or a rotation length under 20 years. In
this way, some of the trends associated with changing forest structures could be captured.

Table 1. Definitions and data source for potential estimates of FAWS and NAIL

Forest Area Available for Wood Supply (FAWS) Productivity: Net Annual Increment (NAI)
Definition Key Sources Definition Key Sources
Forest where any legal, The average annual volume
economic (e.g., accessibility), over the given reference period
or specific environmental [14,15] of gross increment less that of [14]
restrictions do not have a ’ natural losses on all trees to a
significant impact on the minimum diameter at breast
supply of wood height of 0 cm
Forest theoretically available
for wood supply, which . . .
. Highest potential estimate of
comprises all forest area [16] NAI
minus forest in protected
areas !
Forest realistically available Best potential estimate of NAI
for w'ood supply, w}'ﬁch National sources 2 and ‘F.ast-growing plantations’
comprises the best estimate estimated based on MAI and

[14-17,20-23] [14,15,17-20]

based on literature sources ‘natural/semi-natural forest
and available data area’ on NAI

.. . Lowest minimum
Minimum forest available

for wood supply, which
comprises a modest estimate
based on literature sources
and available data

estimate from above
sources (in case >2
estimates available) or
25% less than the
realistic estimate 3

Lowest potential NAI estimate

Notes: ! “Allowing” harvest on all of these lands is not likely to meet sustainability criteria and would
probably be unrealistic and unfeasible. First, this includes a large forest resource that is undisturbed
by man. This area includes areas of high nature value (where protection and conservation seem
critical) and is inaccessible (no roads). Second, this vast forest resource is an important carbon sink
and keeping the forest intact is key to the climate agenda. The high potential is thus indicative of a
theoretical availability for comparative purposes, but is neither likely nor desirable; 2 Use of national
sources was limited due to issues of e.g., data comparability. For a full list see the Annex of [24]. Three
values were selected based on best judgment for depicting a range of results; 3 Value selected based
on best judgment for depicting a range of results.
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For countries with no data available, judgment was used to estimate country conditions based
on, e.g., regional averages. Data on NAI is much more developed for countries with temperate and
boreal forests than for countries with tropical forests. For countries with data on NAI available, this
data was taken as the realistic potential, and a range was estimated using other available sources or
Gross Annual Increment (GAI) as the high estimate. According to [20], the MAI of well-managed
tropical forests is around 1 m? ha™ a™'. This estimate was generally used as a baseline for the low
estimate of tropical countries. For countries with no data, especially the “Global fibre supply model”,
[17] was used as a basis for estimates. It reports GAI for all countries, which was used as the high
potential range, with the realistic potential range assumed to be 25% and the low potential range 50%
less than the continent average.

The harvest rate under sustainable management conditions is location-specific. It also depends
on, for example, the management objectives, type of forest, age of the forest, and silviculture practices.
Ideally, the sustainable harvest rate on the forest available for wood supply would be collected from
local sources, which have defined sustainable forest management objectives that are locally-
appropriate and culturally acceptable, and aggregated to a global level. However, this information is
not yet available.

As a basic principle, to maintain an intact forest resource at a landscape level, less timber should
be removed than grows annually. As the EU has a target to halt biodiversity loss by 2020 in the EU
and to step up the EU contribution to averting global biodiversity loss [25], it seems reasonable and
transparent to use as a basic rule “harvesting below NAI” as a maximum threshold. However, to
keep other ecosystem services provided by forests in mind, this threshold may be too high. It has
been argued that a 60-70% appropriation of total global wood biomass increment (including
protected and inaccessible areas) required to meet 20% of current global primary energy
consumption—will erode current biomass pools, lower average stand age, and deplete soil fertility
[5]. Moreover it would shift forest structures toward shorter rotations, simplifying canopy structure
and composition with impacts on ecosystem diversity, function, and habitat. This implies that
sustainable harvest rates should be below 100% of NAI. More research is urgently needed to
determine what this rate for different types of forests is. Until better data is available, this article has
calculated three indicative potentials for a “sustainable” harvest rate: 80% of NAIL 90% of NAI; 100%
of NAL

To determine the global threshold for the sustainable supply of primary timber, the forest area
available for wood supply (ha) and the productivity of that area (m® ha a™') were multiplied to
determine the volume which could be harvested annually (m® a™) under different rates of potential
sustainability (e.g., harvesting 80%, 90%, and 100% of NAI). The low potential estimate for forest area
was multiplied by the low potential estimate for productivity, the realistic potential estimate for area
was multiplied by the realistic potential estimate for productivity, and the high potential estimate for
area was multiplied by the high potential estimate for productivity. Thus, the calculated potential
ranges depict the minimum and maximum possible supply of timber.

2.2. Toward a Reference Value Range for Future Timber Supply

To determine a reference value range for the sustainable production of primary timber in the
future, three basic steps were undertaken:

* A “safe operating space” scenario halting land use change was developed

* A sensitivity analysis to check assumptions regarding area, productivity, and management was
performed

* A literature review to check the consistency of results was undertaken

2.2.1. Halting Land Use Change

To reflect the need to halt land use change in order to stay within the planetary boundaries, a
safe operating space (SOS) scenario until 2050 was developed. The SOS scenario halts all changes in
forest area by 2020 for both natural forests and fast-growing plantations. This is based on the
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assumptions made by [26,27] for halting the expansion of global cropland by 2020. Both studies
promoted halting the expansion of cropland into forests, grasslands, and savannahs with the aim of
halting the loss of biodiversity associated with land use change (e.g., habitat loss) based on global
biodiversity assessments [28,29]. This article follows that same logic, suggesting to halt both
deforestation and degradation (in this case a change from, e.g., natural forests to plantations) by 2020
in order to halt the loss of biodiversity connected to land use change. The planetary boundary for
biodiversity loss determined by [10-12] is estimated to have already been surpassed, lending
credence to this rationale. Moreover, the EU supports the aim to “halt global forest cover loss by 2030
at the latest and to reduce gross tropical deforestation by at least 50% by 2020 compared to current
levels” [30] (p. 5). The SOS scenario used here is thus somewhat more ambitious than current goals,
but nevertheless aligned with existing council conclusions. It is also more ambitious than the
planetary boundary for forest cover change suggested by [12], which is related primarily to the
climate impacts of forest cover change rather than the biodiversity impacts.

The implications of the SOS scenario on the forest are manifold. First, land currently used as,
e.g., managed forests for timber supply, would continue to be used as managed forests in the future
by replanting after harvest. Second, logging the forest to replace it with cropland, pastures, fast-
growing plantations or built-up land would be halted beyond 2020. Third, there is also an inherent
implication that significant net afforestation would not occur beyond 2020.

To determine the amount of forest area change until 2020, the aggregated average annual change
rate of the period from 2000 to 2010 of global forests and EU-27 forests based on FAO data were
extrapolated. Aggregated trends were assessed because extrapolation with a bottom-up assessment
at the level of countries skewed the results due to significant return of forest growth in some countries
during 20002010, especially China, which offset global deforestation losses in the scenarios at a rate
unlikely to continue in the future.

To determine the potential wood supply available, it was assumed that the same share of forest
available for wood supply (FAWS) in the total forest area in 2010 would be available in 2050. This
implies that overarching forest trends have the same impact on the FAWS area as they have on the
total area. To determine the supply available (volume), the same NAI ranges applied in 2010 were
applied to 2050. Realistic potential estimates of FAWS and NAI were used for future scenarios
because the range determined by low and high potential estimates was considered too broad for a
meaningful interpretation and because, e.g., the high potential represents a theoretical boundary that
does not necessarily reflect sustainability conditions (it assumes that all forests not within
conservation areas are available for timber supply, but parts of these forests may be inaccessible and
include areas of high biodiversity). To determine the sustainable supply, it was assumed that an 80%
share of NAl is available in 2050 under sustainable forest management conditions. This was chosen
to be consistent with results from the prior section and is an area in urgent need of research.

With regards to fast-growing plantations, the annual average area expansion estimated by [31]
in their business-as-usual scenario was extrapolated until 2020. To estimate yearly production
volumes, a productivity rate increase of 0.25% per year was assumed to reflect the trend of increasing
yields from these types of plantations over time.

2.2.2. Sensitivity Analysis

A sensitivity analysis was performed to test the effect of changing assumptions in the three
parameters: forest area, forest productivity, and forest management (with regards to a “sustainable”
forest harvest rate). In some cases, these parameters do not correspond with criteria for what could
be considered a sustainable use of the forest resource and as such are not necessarily indicative of a
SOS sustainable supply scenario. Table 2 depicts the assumptions tested for both the global and EU-
27 scenarios. These assumptions differ somewhat based on circumstances. For example, as the EU-27
already has a high share of FAWS, the sensitivity analysis looked at the effect of e.g., decreasing
FAWS to 75% in 2050. The 75% was chosen as a theoretical exercise to correspond with a 25% share
of forests in protected areas, consistent with one scenario of the EFORWOQOD project (which was an
EU project with the objective of developing the ToslA tool for sustainability impact assessment for
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the forest sector. The 25% was a case study for testing the tool [32]). However, it should be recognized
that forest not available for wood supply (FnAWS) is not a proxy for protected areas (see also the
definitions in Table 1) and this, as with many of the assumptions tested in the sensitivity analysis,
represents more of a hypothetical thought-experiment. In some cases, only data based on the EU
country analysis was found, in which case EU assumptions were applied to the world. For example,
a 4% increase or decrease in productivity per decade is consistent with the expected impacts of
climate change on European forests [33]. With regards to the sustainable harvest rate, the sensitivity
analysis depicts the changed results (e.g., =12% to +13% at a global scale) from selecting a lower or
higher harvest rate, and thus emphasizes the need for further research toward this important
parameter. In Table 2, the baseline in both cases depicts the results of timber availability in the SOS
scenario in 2050 and the right hand column for both the global and EU-27 scenarios shows the
differences to the baseline that the changed assumptions would make. In general, the impact of
changed assumptions appears to be larger at the global scale than for the EU-27.

Table 2. Sensitivity analysis assumptions and results.

Global EU-27
Results lef..to Results lef..to
Baseline Baseline
Mm? Mm? % Mm? Mm? %
BASELINE 3851 - - BASELINE 656 - -
Area Area
Forest area trends from
the period 1990-2000 3839 -11 0%
extrapolated
Forest area trends from
the period 2005-2010 3848 -3 0%
extrapolated
No increase in plantation 3772 79 9% No increase in plantation 653 3 0%
area area
Decrease in plantation Decrease in plantation
3543 -308 -89 651 -5 -19
area by 10% per decade & area by 10% per decade &
Decrease in plantation Decrease in plantation
3378 —472 =129 649 -8 =19
area by 20% per decade & area by 20% per decade &
Increase in plantation Increase in plantation area
4081 230 6% 655 -1 09
area by 10% per decade i by 10% per decade &
Increase in plantation Increase in plantation area
4487 636 179 657 1 09
area by 20% per decade & by 20% per decade &
Increase FAWS by 2% 4383 533 14% FAWS increases to 87% of 72 16 29,
per decade the forest area
I FAW 9 FAWS d to 75% of
ncrease S by 5% by 5180 1331 359 S decreases to 75% o 583 73 1%
decade the forest area
Productivity Productivity
Natural forests: Natural forests:
Productivity increases by 4360 509 13% Productivity increases by 760 104 16%
4% per decade 4% per decade
Natural forests: Natural forests:
Productivity declines by 3399 -452 -12% productivity declines by 564 -92  -14%
4% per decade 4% per decade
Plantations: Productivity 4146 206 89 Plantations: productivity 71 15 29,
increases by 1% per year ’ increases by 1% per year ’
Plantations: Productivity 3514 _336 99, Plantations: Productivity 639 _17 39,
decreases by 1% per year ° decreases by 1% per year ’
Forest management Forest management
Harvest 90% of NAIL 4332 481 13% Harvest 90% of NAI 738 82 13%
Harvest 70% of NAIL 3369 -481  -12% Harvest 70% of NAIL 574 -82 -13%
Pl ions: H
antations: Harvest 4563 213 6%  Plantations: harvest100% 667 11 2%

100%
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2.2.3. Literature Review

The results of steps one and two were compared to available estimates of sustainable supply in
the literature in order to derive a reference value range consistent with key literature sources. In this
sense, the reference value range should reflect the current state of research, in particular for the EU,
in which a greater number of studies assessing sustainable supply capacities are available. The
literature review was performed by collecting, identifying, and evaluating key studies in the field,
including both project reports as well as journal articles.

2.2.4. Deriving a Future Sustainable Supply Range

Steps one (land use change scenario), two (sensitivity analysis), and three (literature review)
were combined in a pragmatic approach to derive a global and EU reference value range for future
sustainable supply capacities. A range was estimated as the data were deemed too uncertain at this
time to give a single reference value. Furthermore, the data were not judged as robust enough to
follow a probability approach (such as calculating a standard deviation). Such an approach would
add scientific credibility to results and should be pursued as a future research need, in combination
with efforts to improve data reliability (see also the Discussion). For these reasons the sustainable
supply range developed by this article reflects the first steps towards developing a more robust
sustainable supply range and should be regarded as indicative. To this end, the selected range reflects
round, easy-to-communicate numbers based on the results, using best judgment and a pragmatic
approach to estimation.

At the global level a range of +/~15% from the realistic potential estimate was applied to 2020
and +/-20% from the realistic potential estimate was applied to 2050. This was done to reflect the
growing uncertainty over time as knowledge regarding impacts such as climate change, weather,
productivity, expansion of infrastructure, etc. becomes less robust over longer periods of analysis. In
2020 this range reflects the full range of the sensitivity analysis, in particular the key parameters
regarding harvesting 70% to 90% of NAI (+/-13%). In 2050 it takes into account the full range of the
sensitivity analysis (with the exception of an increase of +35% based on a widespread increase in the
share of FAWS), as well as the available estimates in the literature (e.g., —20% by [34]).

At the EU level a range of +/~7.5% from the realistic potential estimate is applied to 2020 and
+/=10% to 2050. The narrower range reflects the lower range of uncertainty within the EU compared
to the global level. With regard to the results of the sensitivity analysis, it is somewhat smaller than
the range estimated for 2050 for, e.g., productivity changes in natural forests (+16 to -14%), but was
adjusted to better correspond with the literature.

2.3. Use of Per Capita Values for Benchmarking Consumption Levels

The use of per capita values provides a transparent and simple method for meaningful
comparisons of consumption levels, with the advantage of clear communication as well as reducing
the risk of loopholes and corruption. It is also rooted in a long history of application. In particular,
the concept of “environmental space” [35,36] and “ecological footprint” [37] rely on per capita
comparisons. Per capita values may also be used to indicate “fair shares”, which implies an equal per
capita distribution of global resource use and has become a practical and morally widely accepted
rule of attribution of either pressures or available resources [27]. This article begins the discussion of
whether the principle of global fair shares is an appropriate basis for benchmarking timber
consumption levels.

Per capita calculations were made by dividing the derived potential sustainable supply ranges
by world and EU population statistics in 2010, based on UN and Eurostat population statistics, and
projections until 2050, based on UN population statistics.
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3. Results

3.1. A Reference Value Range for Current Levels of Supply

The amount of timber that can be globally extracted under “current” conditions of sustainable
forest management ranges between 2090 Mm? (using 80% of the NAI in the low potential) and 12,330
Mm? (using 100% of the NAI in the high potential). The realistic potential ranges from 3740 Mm? (80%
of NAI) to 4607 Mm? (100% of NAI). Table 3 presents global results for each of the potential ranges.
The upper “low potential” and lower “realistic potential” estimates are around the same order of
magnitude as [17], which estimated that total annual growth was 3200 Mm? on the forest available
for wood supply, of which they judged 2700 Mm? as potentially commercial, as well as [34], who
estimated an economic potential of 3700 Mm? on global FAWS.

Table 3. Range of “current” sustainable supply capacities (Mm?3).

Share of NAI Low Realistic High

Global

100% 2610 4670 12,330
90% 2350 4210 11,100
80% 2090 3740 9860

EU

100% 507 790 887
90% 457 711 798
80% 406 632 709

Table 3 also depicts the absolute sustainable supply capacity of the potential ranges for the EU-
27 (406-887 Mm?®). The realistic potential estimates seem to roughly reflect the results of the literature
review for the EU-27 (see below).

The per capita global sustainable timber supply (in other words, the reference value) ranges
between 0.30 m3/cap (using 80% of the NAI in the low potential) to 1.79 m3/cap (using 100% of the
NAIT in the high potential) with 0.61 m3/cap as the realistic potential estimate in 2010. In comparison
to world production [16], estimated world production at 0.48 m?3/cap in 2005, whereas [38] estimated
world production at 0.62 m?¥cap in 2005. This implies that global production levels, which are
equivalent to primary consumption levels at a global scale, are either close to or around the realistic
potential reference value for sustainable supply.

The EU sustainable supply reference value ranges from 0.81 m®/cap (80% of NAI in the low
potential) to 1.77 m?/cap (100% of NAI in the high potential), with the realistic potential around 1.34
m3/cap in 2010. Consumption of primary timber in the EU-27 is estimated by [3] to be around 1
m?3/cap, indicating that estimated EU consumption levels are currently below the EU reference value,
but significantly higher than the global reference value in realistic potential estimates.

The sustainable supply reference value range for the EU-27 is thus significantly higher than the
global sustainable supply reference value range for the low and realistic potentials (Figure 1).
Specifically, more than twice as much timber is available on average in the EU than globally in the
realistic potential estimates. Indeed, the share the EU contributes to global sustainable supply
capacity is 19% in the low potential estimate, 17% in the realistic potential estimate, and 7% in the
high potential estimate.
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Figure 1. Reference value range for global sustainable supply and EU sustainable supply, m?/cap,
2010. Note: The range depicted reflects the share of NAI in each of the potentials (80-100%).
Population statistics are based on the year 2010 whereas forest statistics are derived from most recent
available year at the time of analysis (in 2014).

3.2. Toward a Reference Value Range for Future Timber Supply

3.2.1. Results of the Scenarios Halting Land Use Change

The global SOS scenario for land use change showed a total forest area loss of ~1% to 4% and
an increase in plantation area of +12% between 2010 and 2050. The global timber supply volume was
shown to increase by +1% in 2050, with a —2% supply loss from natural forests and a +15% supply
increase from fast-growing timber plantations compared to 2010. In the EU, the total forest area
available for wood supply was shown to increase by +4% (with a +15% increase in area of fast growing
plantations) and the total supply was shown to increase by +3% in the SOS scenario.

3.2.2. Results of the Literature Review

The literature review showed that at the global level, studies appear to focus more on business-
as-usual changes in forest area trends [39-41]. None of the studies assessed considered sustainability
constraints to land system change related to the concept of safe operating space. Moreover, while a
large number of studies have been published on the potentials to increase the supply of bioenergy
[42], these largely focus on either plantations or residues and lack a systemic perspective of total land
use or total supply. The authors of [34] assessed both business-as-usual and sustainability trends by
extrapolating deforestation trends between 1990 and 2000 to estimate the available forest area in 2050.
They then assessed five scenarios for global timber volume ranging from a theoretical potential
(excluding protected areas) to an ecological-economic potential (including limitations related to
FAWS and harvesting only on disturbed forests). They developed a wide range of results, spanning
1800-8500 Mm? of timber available in 2050.

A more robust selection of studies assessing sustainability were available at the EU level. These
are summarized in Table 4. All in all the studies reviewed seem to judge the sustainable supply
capacity from EU forests between around 620 Mm? and 700 Mm? per annum over the 2010 to 2050
period, with little variation over the years. In indicative calculations, stemwood is estimated to
supply around 92% of the low range and 87% of the high range estimate, due to an increasing supply
of residues (comprising 10-12% of the total supply) and stumps (1.5% of the supply) judged to be
available in the high range estimates with some consideration of sustainability. This depicts that the
literature for the EU presents a more narrow range for sustainable supply capacity than the global
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picture, due most likely to the better data available at an EU level. It also shows that the state of
research regarding sustainable supply capacity at the EU level is more advanced than the global level,
with a higher level of differentiation for different sources of supply taking into account both
ecological and, in a more limited way, socio-economic constraints in a more robust way.

Table 4. Literature review of the literature assessing EU sustainable timber supply capacities.

Geographic Scope
Year
Source

Methods

Results

® Europe (results
recalculated for EU-27
minus Malta and
Romania)

® 2020/2030

°[2]

FAWS area increases at same rate as
2005-2010, net increment increases by
11% due to climate effects. Sustainable
supply capacity based on EFISCEN
model. Four scenarios modeled
(reference, maximizing carbon,
promoting biodiversity, and meeting
energy targets)

129 Mha FAWS in 2020 with an
increment of 770 Mm?®/a and a
sustainable supply of 568 Mm? (over
bark) o.b. of stemwood. The study
estimates an additional potential of
harvest residues, stump extraction
and landscape care wood of 135
Mm? depending on the scenario

® EU-27 excluding
Cyprus, Greece and
Malta

* 2030

* [43]

Modeled realizable potential supply for
stemwood, branches and residues,
stumps and other biomass using the
EFISCEN model for 3 scenarios ranging
from low to high mobilization of wood.
Low scenario implies stricter
environmental regulations (e.g., no
fertilization to compensate residue and
stump extraction) whereas the high
mobilization scenario allows such
intensive management approaches with
likely consequences for biodiversity

In 2030 the scenarios result in a
realizable supply of:

623 Mm? o.b. (with around 580 Mm?
from stemwood, 30 Mm? from
residues and 10 from thinnings)

731 Mm? o.b. (with around 600 Mm?
of stemwood, 100 Mm? logging
residues)

895 Mm? o.b. (with a little more than
600 Mm?3 stemwood, 150 Mm?3
residues, 100 Mm? stumps and 40
Mm? from thinnings)

® Europe (30 countries
individually, excluding
Russia)

® 2050

* [44]

The European Forest Information
Scenario Model was used to make
projections for 4 scenarios starting from
a base year of 1990: (a) BAU, (b)
EFISCEN European timber trend
studies, (c) maximum sustainable
production; and (d) multifunctional
management (stable after 2020)

647 Mm? o.b./a. in the maximum
sustainable production scenario with
an average NAI of around 5 m® ha!
a! throughout the simulation period
(irrespective of the scenario)

® E8 27 + Turkey

Estimate theoretical potential of raw
wood (annual growth on commercially

Theoretical potential of 341 million
bone dry tonne (bdt) (682 Mm?) with
a technical potential for energy of 66

: ffg]o exploited wooded areas) using forecast ~ bdt (133 Mm?) with 30 million bdt
estimates from EFSOS I (60 Mm?®) coming from logging
residues
. . . Stemwood: 231 Mm? bio-technical
Assessed the additional bio-technical . 3 .
potential/81 Mm?3 socio-economic
(how much more wood could be potential
e EU 27 physically removed on a sustainable Harvest residues from current

¢ Current potential
* [46]

level) and socio-economic potential
(how much wood could be cut and
brought to market; this is estimated at
35% of the additional bio-technical
potential based on expert estimates)

fellings: 149 Mm3/52 Mm?

Harvest residues from additional
fellings: 29 Mm?3/10 Mm?

Stumps: 176 Mm?3/0 Mm? (due to
sustainability concerns)
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3.2.3. Results of the Derivation of a Future Sustainable Supply Range

At the global level the sustainable supply range is estimated to span between around 3200 Mm?
and nearly 4400 Mm? in absolute terms in 2020. The range expands in 2050 to between around 3100
Mm? and around 4600 Mm? in 2050 (Figure 2).

At the EU level the sustainable supply range spans between around 600 Mm? and 700 Mm? in
2020 and between around 590 Mm? and 720 Mm? in 2050 (Figure 3). The lower range reflects scenarios
toward higher levels of forest conservation in the EU.

In both cases, the sustainable supply range reflects the estimated maximum zone of sustainable
supply capacity. Using the forest for timber supply at a rate under the sustainable supply range
would be within the SOS for timber production. This is indicated in Figures 2 and 3 with a dark green
shading of the potential volume below the calculated sustainable supply range and a light green
shading reflecting the maximum range of sustainable supply capacities. As the EU reflects a territorial
perspective, this article terms the EU space as a safe operating space for EU timber production.

5,000
4,500 -
4,000

3,500
3,000 —————— Safe

Sustainable supply range

Mm?3 2,500 = operating
2,000

1,500

1,000

500

0\II\I\\I\\I\\II\\II\II\III

2020 2025 2030 2035 2040 2045 2050

Sspace

Figure 2. Global sustainable supply range under the safe operating space scenario, 2020-2050.
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Figure 3. EU sustainable supply range under the safe operating space scenario, 2020-2050.

3.3. Toward Per Capita Reference Values for Benchmarking Consumption Levels

With regards to an initial benchmark for consumption levels, Figure 4 depicts the per capita
reference value range based on global sustainable supply capacities. It varies between around 0.42
and 0.57 m?3/cap in 2020 and between around 0.32 and 0.48 m®/cap in 2050. The median estimate is
nearly 0.5 m3/cap in 2020 and around 0.4 m3/cap in 2050. The decrease over time is due to increasing
population. Indeed, while the sustainable supply range in absolute values shows an increased
availability over time (due to the increasing productivity of plantations as well as the increased
uncertainty space broadening over time), population growth implies that less timber will be available
on a per capita basis in the future.
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Figure 5 depicts the per capita reference value range for the sustainable supply capacities of EU
forests. It varies between around 1.2 and 1.4 m3/cap in 2020 and between around 1.1 and 1.4 m3/cap
in 2050. The median estimate decreases slightly across the time period to reach around 1.25 m3/cap in
2050. This indicates that the effect of population in terms of timber availability is not as high as
observed at the global scale. This is because the EU expects a higher degree of stabilization of the
population, so that per capita trends more closely mimic total trends. The EU sustainable reference
range in per capita terms is presented for comparative purposes (assessing sustainable production of
EU forests does not require a population parameter). This implies that consumption levels within or
below the EU reference value range are not “per se” sustainable, especially if they exceed the global
average. This raises the question of which reference value is appropriate for the EU (see Section 4.2
in the Discussion).

0.6
0.5 e — —
04 | e—— Reference value range
Consumption
3
m?/cap 0.3 _levels within
0.2 this range
may be
0.1 considered
O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1 -

T
2020 2025 2030 2035 2040 2045 2050

Figure 4. Global reference value range for benchmarking sustainable consumption levels based on
per capita derivations of global sustainable supply capacities, 2020-2050.

1.6
1.4

—
Reference value range

1.2 —_

1

m3/cap 0.8
0.6

0.4

0.2

0

2020 2025 2030 2035 2040 2045 2050
Figure 5. EU reference value range for benchmarking consumption levels based on per capita
derivations of EU sustainable supply capacities, 2020-2050.

4. Discussion

The reference value ranges for sustainable supply capacity presented in this article depict a wide
range of estimates. This reflects challenges related in particular to data availability and
methodological robustness. It means that the results should be interpreted with caution and seen as
a first step toward developing a method to, e.g., incorporate safe operating space concerns regarding
land use into estimations of future sustainable timber supply capacities, and to, e.g., consider how
such supply constraints may be translated into reference values (and eventually toward targets) for
benchmarking sustainable levels of consumption. Section 4.1 discusses some of the key challenges
for strengthening the reliability and applicability of results. Section 4.2 discusses the results in more
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detail and considers implications with regard to appropriateness for the EU policy context. Finally,
key future research needs are highlighted (Section 4.3).

4.1. Challenges Relating to the Methodological Approach and Data

The basic approach to aggregate national data on sustainable supply seems appropriate for
estimating sustainable supply capacity, in particular due to major differences in forest types and
management across the world. However, better and more harmonized national data is needed for
this approach to produce more reliable results.

With regards to forest measurement, better Earth observation data combined with harmonized
surveys would greatly enhance knowledge on forest area and forest growth. This article relied
primarily on source (e.g., FAO, International Tropical Timber Organization (ITTO), etc.) reporting
data based on surveys of countries. In some cases this means that estimates given by countries on, for
instance, their forest area, have been generated using different methods and with different levels of
reliability. Some countries also opt out of reporting or may significantly change their reported data
between years. With regards to data sources specifically dedicated to fast-growing plantations, this
article heavily relied on the FAO Planted Forests Database, which is subject to similar problems
(consistency, reliability, and lack of harmonization due to the survey method of data generation).
Along with other sources on fast-growing plantations, the data is also somewhat outdated. Outdated
data, or data from different years, has been a challenge for all types of forests. Efforts were taken to
use the most recent and reliable sources for both area and productivity at the time of analysis, but as
this was not always possible, older data was sometimes relied on. This also means that data may not
always be 100% comparable. Advanced remote sensing processes would dramatically improve data
quality, not only for forests as a whole, but also for plantations. This is critical to generating reliable
scientific evidence on limits. Progress to this end is being made. For example, [47] was the first study
to use Landsat Earth observation data to map global forest loss.

A key challenge is estimating how sustainable forest management could be reflected in the
sustainable supply capacity estimates of global forest use. By its definition, the concept of sustainable
forest management generally includes maintaining multiple functions of forest systems across social,
economic, and environmental dimensions. However, to estimate sustainable supply, an indication of
timber removal only (i.e., harvesting below NAI as a maximum threshold) is relied on. How other
functions of the forest can be better taken into account is an open question for future research. In
particular, research should consider the issue of scale, asking what scale is appropriate for estimating
a balance between the rate of timber removals and, e.g., maintaining other ecosystem services. The
indicator “share of NAI” has the benefit of being a transparent and relatively simple indicator that
can be applied at multiple scales of analysis. However, as an indication of sustainable harvest rates,
it also depends on the structure and age of the forests, as well as the period assessed. This is because
even-aged stands reach a point of no or even negative growth, implying that in countries with a high
share of old forests, harvest rates could be above NAI for a short period of time. On the other hand,
countries with a high share of young forests may keep harvests well under NAI to allow the forest
resource time to grow. This means that the “share of NAI” may be most appropriate to countries,
regions, or forests with an even distribution of trees in each age class. Related economic and
environmental dimensions should also be further explored in future research—e.g., considering price
shocks associated with periods of intense harvesting as well as the ecosystem functions associated
with older stands in particular. Additionally, future research may explore alternatives, such as ways
to incorporate the structure and quality of standing stock, looking at actual harvests, or aggregating
local data on sustainable forest management to national and global levels. Approaches to incorporate
residues as well as thinnings more comprehensively, in light of environmental constraints related to,
e.g., soil fertility, and also timber demands related to, e.g., energy, should be assessed. Altogether this
implies that a future indicator of sustainable supply may become more comprehensive and dynamic,
considering harvest rates under criteria of sustainable forest management as well as timber
availability (stocks and usable growth). If NAI is judged as the most reliable and feasible metric for
estimating sustainable supply capacities, research is needed to consider how much of NAI can and
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should be removed globally under different conditions of sustainability (considering multi-
functional forest uses) for different types of forests (e.g., plantations, semi-natural, managed, etc.) and
in different regions of the world.

With regards to future trends, changes in the root causes of deforestation (including population,
economic growth, and national and international demand for agricultural products, wood products,
and minerals [48]) make it difficult to extrapolate past trends as indicative of future developments.
Forest productivity and management assumptions are also prone to uncertainty, especially over the
long term. With regards to productivity, climate change could dramatically change forest structure
and growth, as well as increase the risk of disturbances such as fire and pests. It is difficult to foresee
such impacts and better modeling of potential impacts on the global level especially is needed to
provide a more realistic picture of potential future supply capacities. At the same time, forests are
also crucial to efforts to mitigate climate change. Strategies to raise carbon storage by adjusting
management practices in forests would certainly have an impact on sustainable supply capacities [2].

Strengthened data is needed regarding historical developments, the current situation, and
potential future developments. For example, there is a lack of data on the historical development of
the area of forest available for wood supply. While this is dependent on regional elements like terrain,
infrastructure development, zoning, and conservation, which may be difficult to aggregate to a global
level or transfer to other countries, the large differences in forest available for wood supply (e.g.,
around 50% globally compared to 85% in the EU) suggest that some indications of historical
developments may be useful to set the context for potential future developments.

With regards to the SOS scenario, the method to define the boundaries of such a scenario should
be strengthened, in particular through multi-stakeholder discussions on the amount of forest area
change that could be considered within an acceptable degree of risk, taking into account the
precautionary principle. To this end, existing targets could help set the context, such as the Aichi
Biodiversity Targets with the aim to at least halve the rate of loss of all natural habitats, including
forests, by 2020 [29]. To enable such a stakeholder process for delineating the safe operating space,
more robust knowledge on the dynamic processes of land use change for forestry and its relation to
other planetary boundaries would be beneficial. In particular, the potential for afforestation on
degraded land and the relationship between forestry and agriculture land use change should be
explored.

Finally, with regards to the derivation of reference values to translate the safe operating space
into benchmarks for consumption, challenges relate in particular to population growth. Uncertainty
regarding assumptions about population growth make long-term per capita reference values subject
to higher uncertainty. Especially long-term variation in population prognoses may have a significant
impact on long-term reference values. This may make a range more appropriate, but would also make
benchmarks less suitable for possibly developing into targets that are easy to communicate. The
political implications of data uncertainty and related challenges for developing per capita
benchmarks, and eventually targets, should be addressed by future research.

4.2. Challenges for Interpretation: Is a Global or EU Reference Value Appropriate for EU Policy Orientation?

This article has presented both global and EU current and future reference values for
benchmarking consumption. It has been shown that the EU-27 is estimated to have a per capita
sustainable supply potential that is around 2.3 times higher than the global average in 2010 (realistic
potential estimates), between 2.6 and 3.1 times higher than the global average in 2030 and between
2.9 and 3.5 times higher than the global average in 2050. The question of which reference value the
EU should orientate towards, or if alternatives are needed, is an ethical discussion that should take
social, legal, ethical, and political considerations into account.

On the one hand, countries with a large forest resource seem to have built up a larger cultural
significance to both the forest and forest products. In terms of renewable energy, it seems reasonable
for countries rich in forests to use a higher share of timber on a per capita basis (e.g., in local supply
and demand chains) than countries with no local resources (e.g., Qatar and Egypt, which seem to
have a greater opportunity to use, e.g., solar power, also considering that the heating demand is not
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as high compared to some forest-rich countries such as Sweden and Finland). This would imply that
timber is not a global resource to which every global citizen has the same right. On the other hand,
global forests are a common concern of humanity. They are a carbon sink and strongholds of
biodiversity. Overuse of the global timber resource surpasses a planetary boundary with universal
consequences. Moreover, the concept of a ‘safe and just operating space’ [49] suggests that limited
natural resources critical to meeting basic human needs (including shelter and energy) must be
shared in a humane way. In other words, a highly disproportional distribution of use is not
sustainable, if it means that a portion of the global population consumes at levels under the minimal
conditions for a dignified life. Both environmental and social concerns imply that a global reference
value is appropriate, with equal distribution being the most transparent and fair method.

Taken together, these perspectives highlight that the challenge for reference values in relation to
forestry seems to be more nuanced than comparable efforts toward global targets or reference values,
such as for cropland. For example, one could argue that cropland for food production relates to more
of a basic human need than forests; in other words, the right to food and freedom from hunger. This
is a discussion on the concept of “fair shares” for different types of resources that must take place at
an international level in a multi-stakeholder context. At its core, the challenge for forestry is how to
take regional variability into account when considering global capacities. All in all, it is about smarter
consumption (balanced with regional and global capacities) with the aim of preventing problem
shifting. Keeping the climate challenge in mind and the need to reduce fossil fuel use in a smart way,
the question is about finding a middle space between two extremes: (1) problem shifting induced by
too high of demand and (2) a protectionist type of market with no trade.

Both global and EU reference values could be valuable as an orientation for European policy
makers. In particular, a reference value on global sustainable supply can be used to prevent problem
shifting —for instance striving to meet other global targets (like climate targets) in a way that crosses
other planetary boundaries (like land-system change). Alternative approaches to develop reference
values could be explored by future research. One option could be to distinguish among “levels of
sustainability” within a reference value range. Another option could be to develop adjusted reference
values, for example developing a reference value for the “sustainable supply capacity for the rest of
the world” (subtracting the EU’s share from the global sustainable supply capacity) and applying this
to net imports. Such alternatives should be tested against social and environmental sustainability
criteria, in particular considering global equity and global risks of deforestation, and should be
cautiously explored in an interdisciplinary and multi-stakeholder context. Finally, the rather broad
reference value range developed by this article, in particular with the perspective to 2050, could be
adjusted over time and as better research becomes available.

4.3. Future Research Needs
Altogether key areas for future research may be summarized as follows:

*  Strengthen sound science on indicators for sustainable forest management, in particular
considering the harvest rate under sustainable conditions and for different types of forests

*  Develop supply scenarios to better understand the structural change happening between fast-
growing plantations and natural forests domestically and abroad, as well as the potentials for
residues under sustainability considerations

*  Consider how afforestation on degraded land could play a role in the safe operating space and
derived reference values

*  Deepen knowledge on the systemic interaction of the safe operating space for forestry land use
change with other planetary boundaries

*  Consider how population variation can be accounted for in long-term reference values or targets,
taking into account the role and aims of reference values and targets in the overarching context
of transition management

*  Develop socially and scientifically acceptable ways to integrate the precautionary approach and
deal with uncertainty regarding the rationale behind the global safe operating space concept
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*  Deepen the analytical framework for understanding the advantages and disadvantages of EU
versus global sustainable supply reference values in light of the principles of sustainable
development, as well as the potential impacts on national competitiveness.

Acknowledgments: This article is based on part of the dissertation thesis “Timber consumption and sustainable
forest use: Assessing the EU’s current and expected consumption of global timber in relation to the global
capacity for sustainable supply” published by Kassel University Press in 2016 and supported by the Wuppertal
Institute for Climate, Environment and Energy. The Wuppertal Institute also provided the funding for
publishing this article open access.

Author Contributions: Meghan O’Brien prepared the article including research, assessment, and writing. Stefan
Bringezu provided support across all phases and supervised, edited, and commented on the article.

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

References

1. Mantau, U,; Saal, U,; Prins, K,; Steierer, F.; Lindner, M.; Verkerk, H.; Eggers, J.; Leek, N.; Oldenburger, J.;
Asikainen, A ; et al. Real Potential for Changes in Growth and Use of EU Forests; EUwood Project Final Report;
University of Hamburg: Hamburg, Germany, 2010.

2. UNECE; FAO; UN. The European Forest Sector Outlook Study II: 2010-2030; United Nations: Geneva,
Switzerland, 2012.

3. O’Brien, M,; Bringezu, S. European timber consumption: Developing a method to account for timber flows
and the EU’s global forest footprint. Ecol. Econ. 2017, under review.

4. Steierer, F. Energy Use; EUwood-Final Report; University of Hamburg: Hamburg, Germany, 2010; pp. 43—
55.

5. Schulze, E.D.; Korner, C.; Law, B.E.; Haberl, H.; Luyssaert, S. Large-scale bioenergy is neither sustainable
nor greenhouse gas neutral. Glob. Change Biol. Bioenergy 2012, 4, 611-616.

6. Franklin, J.F. The fundamentals of ecosystem management with applications in the Pacific Northwest. In
Defining Sustainable Forestry; Aplet, G.H., Johnson, N., Olson, ]J.T., Sample, V.A., Eds.; Island Press:
Washington, DC, USA, 1993; pp. 127-144.

7. ITTO. Revised ITTO Criteria and Indicators for the Sustainable Management of Tropical Forests Including Reporting
Format; ITTO Policy Series No. 15; ITTO: Yokohama, Japan, 2005.

8.  MCPEFE. State of Europe’s Forests: The MCPFE report on sustainable forest management in Europe. In
Proceedings of the Ministerial Conference on the Protection of Forests in Europe, Warsaw, Poland, 5-7
November 2007; United Nations Economic Commission for Europe, FAO and UN: Warsaw, Poland, 2007.

9. UN. Resolution Adopted by the General Assembly 62/98: Non-Legally Binding Instruments on All Types of
Forests. 2008. Available online: www.un.org/esa/forests/documents/un-forest-instrument/ (accessed on 12
August 2012).

10. Rockstrom, J.; Steffen, W.; Noone, K.; Persson, A Chapin, F.S,, III; Lambin, E.F.; Lenton, T.M.; Scheffer, M.;
Folke, C.; Schellnhuber, H.J.; et al. A safe operating space for humanity. Nature 2009, 461, 472-475.

11. Rockstrom, J.; Steffen, W.; Noone, K.; Persson, A Chapin, F.S., III; Lambin, E.F.; Lenton, T.M.; Scheffer, M.;
Folke, C.; Schellnhuber, H.J.; et al. Planetary boundaries: Exploring the safe operating space for humanity.
Ecol. Soc. 2009, 14, 32.

12. Steffen, W.; Richardson, K.; Rockstrom, J.; Cornell, S.E.; Fetzer, 1.; Bennett, E.M.; Biggs, R.; Carpenter, S.R,;
De Vries, W.; De Wit, C.A; et al. Planetary boundaries: Guiding human development on a changing planet.
Science 2015, doi:10.1126/science.1259855.

13. EC. Roadmap to a Resource Efficient Europe; European Commission: Brussels, Belgium, 2011.

14. UN. Forest Resources of Europe, CIS, North America, Australia, Japan and New Zealand (Industrial
Temperate/Boreal Countries); Geneva Timber and Forest Study Papers 17; UN: New York, NY, USA; Geneva,
Switzerland, 2000.

15. Forest Europe; UNECE; FAO. State of Europe’s forests 2011: Status and trends in sustainable forest
management in Europe. In Proceedings of the Ministerial Conference on the Protection of Forests in Europe,
Oslo, Norway, 14-16 June 2011.

16. FAO. Global Forest Resources Assessment 2010; FAO Forestry Paper 163; FAO: Rome, Italy, 2010.

17. FAO. Global Fibre Supply Model; FAO: Rome, Italy, 1998.



Sustainability 2017, 9, 812 17 of 18

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

42.

43.

44.

FAO. The Potential for Fast-Growing Commercial Forest Plantations to Supply High Value Roundwood; Planted
Forests and Trees Working Papers 33; FAO: Rome, Italy, 2005.

FAO. Global Planted Forests Thematic Study: Results and Analysis; Planted Forests and Trees Working Paper
38; FAO: Rome, Italy, 2006.

ITTO. State of Tropical Forest Management; ITTO Technical Series No. 38; ITTO: Yokohama, Japan, 2011.
FAO. Global Forest Resource Assessment 2000; FAO Forestry Paper 140; FAO: Rome, Italy, 2001.

FAO. Planted Forest Database: Analysis of Annual Planting Trends and Silvicultural Parameters for Commonly
Planted Species; Planted Forests and Trees Working Papers 26; FAO: Rome, Italy, 2003.

ITTO. Encouraging Industrial Forest Plantations in the Tropics; Report of a Global Study: Technical Series 33;
ITTO: Yokohama, Japan, 2009.

O’Brien, M. Timber Consumption and Sustainable Forest Use: Assessing the EU’s Current and Expected
Consumption of Global Timber in Relation to the Global Capacity for Sustainable Supply; Kassel University Press:
Kassel, Germany, 2016.

EC. Our Life Insurance, Our Natural Capital: An EU Biodiversity Strategy to 2020; COM(2011)244; COM:
Brussels, Belgium, 2011; p. 244.

UNEP. Assessing global land use: Balancing consumption with sustainable supply. A Report of the Working
Group on Land and Soils of the International Resource Panel; UNEP: Nairobi, Kenya, 2014.

Bringezu, S.; O’Brien, M.; Schiitz, H. Beyond biofuels: Assessing global land use for domestic consumption
of biomass: A conceptual and empirical contribution to sustainable management of global resources. Land
Use Policy 2012, 1, 224-232.

Van Vuuren, D.P.; Faber, A. Growing within Limits. A Report to the Global Assembly 2009 of the Club of Rome;
Netherlands Environmental Assessment Agency: The Hague, The Netherlands, 2009.

CBD. Global Biodiversity Outlook 3; Convention on Biological Diversity; CBD: Montréal, QC, Canada, 2010.
Council of the European Union. Addressing the Challenges of Deforestation and Forest Degradation to Tackle
Climate Change and Biodiversity Loss; Council of the European Union: Brussels, Belgium, 2008.

Carle, J.B.; Holmgren, L.P.B. Wood from Planted Forests: Global outlook to 2030. In Planted Forests: Uses,
Impacts and Sustainability; Evans, J., Ed.; FAO/CABI: Rome, Italy, 2009; pp. 47-60.

EFORWOOD. EFORWOOD Final Report; FP6 Project; European Commission: Brussels, Belgium, 2009.
Eggers, ].; Lindner, M.; Zudin, S.; Zaehle, S.; Liski, J. Impact of changing wood demand, climate and land
use on European forest resources and carbon stocks during the 21st century. Glob. Chang. Biol. 2008, 14, 2288—
2303.

Smeets, E.; Faaij, A. Bioenergy production potentials from forestry to 2050. Clim. Chang. 2007, 81, 353-390.
Opschoor, ].B.; Weterings, R. Environmental Utilisation Space: An Introduction. Tijdschr. Voor Milieukd.
1994, 9, 198-205.

Bund fiir Umwelt- und Naturschutz Deutschland (BUND). Zukunftsfihiges Deutschland: Ein Beitrag ZU einer
Global Nachhaltigen Entwicklung [Sustainable Germany in a Globalized World: Toward Global Sustainable
Development]; Birkduser Verlag: Basel, Switzerland; Bonn/Berlin, Germany, 1996. (In German)
Wackernagel, M.; Rees, W.E. Our Ecological Footprint: Reducing Human Impact on Earth; New Society
Publishers: Gabriola Island, BC, Canada, 1996.

FAO. State of the World's Forests 2009; FAO: Rome, Italy, 2009.

Lambin, E.F.; Meyfroidt, P. Global land use change, economic globalization, and the looming land scarcity.
Proc. Natl. Acad. Sci. USA 2011, 108, 3465-372.

Bottcher, H.; Frank, S.; Havlik, P. Biomass Availability and Supply Analysis; Biomass Futures Project; European
Commission: Brussels, Belgium, 2012.

Buongiorno, J.; Zhu, S.; Raunikar, R.; Prestemon, J. Outlook to 2060 for World forest and forest industries.
In A technical Document Supporting the Forest Service 2010 RPA Assessment; USDA: Ashville, NC, USA, 2012.
Berndes G.; Hoogwijk M.; Van den Broek, R. The contribution of biomass in the future global energy supply:
A review of 17 studies. Biomass Bioenergy 2003, 25, 1-28.

Verkerk, P.J.; Anttila, P.; Eggers, J.; Lindner, M.; Asikainen, A. The realisable potential supply of woody
biomass from forests in the European Union. For. Ecol. Manag. 2011, 261, 2007-2015.

Nabuurs, G.J.; Pdivinen, R.; Schanz, H. Sustainable management regimes for Europe’s forests: A projection
with EFISCEN until 2050. For. Policy Econ. 2001, 2, 155-173.



Sustainability 2017, 9, 812 18 of 18

45.

46.

47.

48.

49.

Thréan, D.; Weber, M.; Scheuermann, A.; Fro“hlich, N.; Thoroe, C.; Schweinle, J.; Zeddies, J.; Henze, A;
Fritsche, U.; Jenseit, W.; et al. Sustainable Strategies for Biomass Use in the European Context; Institut fiir
Energetik und Umwelt gemeinniitzige GmbH: Leipzig, Germany, 2006.

Hetsch, S. Potential Sustainable Wood Supply in Europe; UNECE/FAO Timber Section: Geneva, Switzerland,
2008.

Hansen, M.C.; Potapov, P.V.; Moore, R.; Hancher, M.; Turbubanova, S.A.; Tyukavina, A.; Thau, D.; Stehman,
S.V.; Goetz, S.J.; Loveland, T.R,, et al. High-resolution global maps of 21rst-Century forest cover change.
Science 2013, 342, 850-853.

Kissinger, G.; Herold, M.; De Sy, V. Drivers of Deforestation and Forest Degradation: A Synthesis Report for
REDD + Policymakers; Lexeme Consulting: Vancouver, BC, Canada, 2012.

Raworth, K. A Safe and Just Space for Humanity. Can We Live within the Doughnut? Oxfam: Oxford, UK, 2012.

® © 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



