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Preface

The Paris Agreement promotes the role of forests as being critical for achieving the central goals of main-
taining the global temperature rise this century to well below 2 degrees Celsius above pre-industrial levels,
and to limit the temperature increase even further to 1.5 degrees Celsius. In this respect, forests are im-
portant because they are large carbon sinks that absorb one-quarter to one-third of greenhouse gas (GHG)
emissions from the atmosphere. However, forests are also sources of the carbon that is released when, for
example, trees die and decay or burn in forest fires. How we manage the forests and use forest products also
affects the carbon balance. The issues dealt with in this report relate to the management of our forests so as
to obtain the best outcome for the climate, while at the same time ensuring that we create sustainable and
healthy, multi-purpose forests. Although the report has a global perspective, most of the examples given are
in the context of Europe, with special reference to Sweden.

This report aims to provide a broad overview of the complex role of forests in mitigating GHGs, as well
as defining the key disagreements that exist between scientists regarding the consequences for the carbon
balance of different forest management methods. While science has come a long way in understanding the
role of forests and the consequences of different management methods for climate change, it is fair to say
that rather than clear results and solutions emerging, more questions have been raised. More research and
more discussions are needed. As leading scientists from different parts of the world meet to learn from each
other, the probability of finding optimal solutions increases.

'The Forests and the climate conference is an example of strong collaboration between the Royal Swedish
Academy of Agriculture and Forestry (KSLA) — where the Committee for climate and land use towards
2030 has been responsible for the work, the Royal Swedish Academy of Sciences (KVA), and the Royal
Swedish Academy of Engineering Sciences (IVA). Such collaborations are valuable when important ques-
tions need to be addressed from different perspectives and when a combined effort is more fruitful than
individual efforts. Sweden, which is a forest nation covered to about 70 percent by forests, has a strong in-
terest in matters related to forest management and forest well-being. The forest is close to our hearts as well
as to our economy. Many citizens have strong opinions on forest issues, so it is vital that we have high-level
research and excellent scientists dealing with the complex issues pertaining to the role of forests in climate
change mitigation.

It is our fervent hope that the conference and the present report will serve to enlighten and to increase
understanding of the complex relationship between forests and the climate. We need the best knowledge
available in the crusade against climate change, to develop evidence-based recommendations for decision
makers and forest owners, as well as to define the gaps in knowledge that need to be filled in order to meet
the Paris Agreement goals.

Lisa Sennerby Forsse Dan Larbammar Carl-Henric Svanberg
President of KSLA President of KVA Chair of IVA

Forests and the climate
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Executive Summary

In order to meet the goal of the Paris Agreement,
greenhouse gas (GHG) emissions must be reduced
urgently. This will entail transformation of all the
major sectors of society. All available measures and
technologies must be considered, including the
ramping up of energy conservation and efficiency
measures and investments in renewable energy
technologies, the substitution of GHG-intensive
materials and improving the efficiency of material
use (including a transition from linear to circular
material flows), enhancement of carbon removal by
land sinks, and the development of carbon capture
and storage (CCS) technologies, to be applied to
both fossil fuels and bioenergy, as in the case of bio-
energy combined with carbon capture and storage
(BECCS).

This report summarizes the discussions that
took place at a 2-day international conference titled
Forests and the climate: Manage for maximum wood
production or leave the forest as a carbon sink?, held on
March 12*-13% at the Royal Swedish Academy of
Agriculture and Forestry in Stockholm, Sweden.
The conference aimed to facilitate dialogue among
experts representing different viewpoints related
to forest management and climate change mitiga-
tion, with the goals of: 1) clarifying why experts
who accept the same evidence draw very difterent
conclusions concerning the influences of forests and
forest management on the climate; and 2) identify-
ing knowledge gaps and priorities for future research
and data collection.

The invited presentations and open discussions
addressed forest management, forest-climate inter-
actions, and the potential roles of forestry-derived
teedstocks in the energy and material systems. All
of these issues were discussed in the context of the
transformations that are required to reach the targets
set out in the Paris Agreement on climate.

The conference was structured around questions
identified as crucial to the ongoing debate on forests
and climate. The discussions and conclusions related
to these questions are summarized below.

Forests and the climate

Is there a difference between biogenic carbon
emissions and fossil carbon emissions? Can biogen-
ic carbon balances be omitted from climate impact
assessments of forest products and systems?

There is a difference between biogenic and fossil car-
bon emissions. Biogenic carbon is the carbon that is
stored in plants, animals, and the organic matter in
soils (the biosphere). It is also stored in biobased pro-
ducts. The biogenic carbon is continuously circula-
ted between the biosphere and the atmosphere;
it is removed from the atmosphere through photo-
synthesis and emitted to the atmosphere through
respiration, decay, and fires. Fossil carbon emissions
represent a linear flow of carbon from geologic stores
to the atmosphere. These emissions are fundamen-
tally different from biogenic carbon emissions.

Nevertheless, it must be emphasized that bio-
genic carbon should be accounted for in assessments
of forest-based mitigation options. Otherwise, the
ways in which such mitigation options affect at-
mospheric GHG concentrations will not be accu-
rately assessed.

What roles will biomass play in the energy system
in the short, medium, and long terms?

Biomass is likely to play important roles in the energy
system, provided that the associated net GHG emis-
sions are below the limits set in relation to climate
targets (naturally, this requirement applies to all en-
ergy options). All the IPCC scenarios that meet the
targets set by the Paris Agreement include a rapid
increase in the share of renewable energy, typical-
ly in the form of power generation using biomass,
wind, and solar sources. Several scenarios strongly
rely on a biomass-based energy supply, especially in
relation to its potential to generate negative emis-
sions. Balancing technologies are needed to ensure
power stability and quality and to maximize the
value of solar and wind power generation. Therefore,



the value of dispatchable power based on biomass
is likely to be high, at least in the 2050 timeframe.

Furthermore, carbon-based transportation fuels
will remain important in the decades to come, as
electrification of the transport sector will take time
to reach its full potential. The use of biofuels for
road transportation can facilitate reductions in the
use of fossil fuels during the transition period. In the
longer term, biofuels are likely to be primarily used
in applications where the substitution of carbon-
based fuels is particularly difficult, such as in avia-
tion and long-distance ship transportation. Biomass
may also be increasingly used in BECCS applica-
tions, to establish net-negative GHG emissions.
However, BECCS will compete with other uses of
biogenic carbon (e.g. transport and materials) and
the potential future availability of BECCS should
not be used as an argument for postponing near-
term actions.

How can forest materials substitute for GHG-
intensive materials and reduce their GHG foot-
prints?

'The production of basic materials, such as steel, ce-
ment, aluminum, and plastics, accounts for a large
proportion of global GHG emissions. The emis-
sions from such industrial activities can be reduced
through: 1) changing the resource use in industrial
processes (e.g. improving conversion efficiency and
shifting from coal to biomass to produce process
heat) and transitioning from linear to circular ma-
terial flows; 2) changes in lifestyle and consumption
patterns; and 3) material substitutions. Biobased
materials can substitute for basic materials in many
applications, for example, replacing cement with
wood in construction or using carbon fiber as a
substitute for steel. In addition, the use of biobased
plastics, chemicals, clothing, and packaging could
be increased. Innovations in both technologies and
policies are essential for the necessary developments
to take place. As for energy applications, the net re-
duction in GHG emissions associated with biobased
materials needs to be substantiated.

What are the trade-offs between biomass produc-
tion, carbon sequestration, and storage of carbon
in forests and forest products? How do these trade-
offs pertain to different climate change mitigation
objectives?

Forest management decisions reflect the balancing
of economic, ecological, and social objectives. In re-
lation to the objective to mitigate climate change,
the forest management system needs to consider the
contributions from forest carbon sinks, carbon stor-
age in forests, and wood harvesting, to produce for-
est products that substitute for fossil fuels and other
products. There are apparent tradeoffs between these
objectives. A reduction of the forest carbon stocks
has the same instantaneous effect on the atmospher-
ic CO, concentration as an equivalent level of car-
bon emissions arising from the use of fossil fuels,
cement, etc. Thus, it decreases the net GHG savings
associated with forest product use. Forest manage-
ment to enhance wood production can lead to both
increases and decreases in forest carbon stocks. The
actual outcome depends on geographically varying
factors, such as the state of the forest (e.g. species
and age structure), climate, and the types of man-
agement measures that are employed.

Any expansion of the use of bioenergy and bio-
based materials must be accompanied by sustainable
forest management principles that safeguard against
systematic overharvesting that would entail losses of
forest carbon stocks and sink capacity, as this would
jeopardize the GHG emissions savings, as well as
the future wood production capacity. Accounting
trameworks need to be developed and applied rigor-
ously, to ensure that the GHG benefits of difterent
types of substitution can be substantiated in an ac-
curate manner.

Instead of increasing biomass production to pro-
duce more forest products, forest owners may choose
to harvest fewer trees and give priority to carbon
storage in the forest. Such a strategy could provide
greater net GHG savings and reduce the rate of
warming over a period of time (decades). At the
same time, the contribution of the forest sector to
the necessary transformation of the major sectors
— through material substitution and bioenergy re-
placing fossil fuels — would be lower if fewer forest
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products were produced. The strategy may also steer
development towards an end-point where forests
store more carbon but have a lower capacity to pro-
duce biomass for various uses. This contrasts with a
strategy that aims to maintain net forest growth at a
high level to allow sustained harvesting.

What are the differences between rotation forest
management and selection forest management in
relation to carbon balances and biomass produc-
tion?

It is difficult to compare the carbon balances of ro-
tation forest management and selection forest man-
agement. In boreal countries with a well-established
forest industry, humans have shaped the forest by
employing rotation forestry systems with even-aged
forest stands. When a stand is harvested, the carbon
balance is switched abruptly from carbon sequestra-
tion to instantaneous biomass carbon removal from
the stand. This is followed by net carbon emissions
during the regeneration phase and, subsequently, by
a rapid net carbon gain in young stands, which de-
clines as the forests become older. A balanced stand
age distribution at the forest estate level is often tar-
geted. At this level, the forest carbon stock is more
stable and fluctuates around a trend line that can
be increasing or decreasing or approximately stable.

An alternative to rotation forestry is selection
forestry with uneven-aged, structurally more com-
plex forest stands, a continuously maintained forest
cover, and more-limited harvests at shorter intervals.
Ground and sub-canopy forms of vegetation are
continuously present and utilize the light and nu-
trient that become available each time the trees are
harvested. Site preparation is generally not needed,
and the soil carbon losses associated with site prepa-
ration are thereby avoided. As for rotation forestry
systems, the forest carbon stock fluctuates around a
trend line at the forest estate level.

'The structural differences between the two man-
agement systems make comparisons of carbon bal-
ances difficult. One view is that a shift from rota-
tion forestry to selection forestry is likely to result
in a lower carbon sequestration rate, at least during
a transition period. An alternative view is that there

Forests and the climate

is inconclusive evidence concerning the difterences
in growth and in standing volume over time. A shift
to selection forestry may be motivated for other rea-
sons, such as creating more favorable conditions for
recreation, biodiversity, and ecosystem services.

How do different forest management strategies
interact with other climate forces than GHGs, e.g.
reflection of solar radiation from Earth’s surface?
Should non-GHG forcers be considered when cli-
mate change mitigation strategies are developed
for the forestry sector?

Studies have shown that the climate effects of non-
GHG forcers can be as potent as those of GHGs.
A full assessment of the influence of forests on the
climate system therefore needs to consider also
non-GHG forcers, including surface albedo, evapo-
transpiration, surface roughness and the production
of biogenic volatile organic compounds (BVOCs)
which have an effect on the number and quality of
aerosols formed in the atmosphere.

Emissions of biogenic volatile organic com-
pounds (BVOC:s), and subsequent formation of sec-
ondary organic aerosols, can cause both warming
and cooling. The outcome depends on where and
when the emissions occur, types of BVOCs emitted,
and which aerosols are formed. Deciduous tree spe-
cies have generally higher reflectivity (albedo) than
conifers, which means less warming. The species
difference is also important during the snow sea-
son since different forest types, including different
management stages, also have very different albedo
depending on the degree of exposure of the (snow
covered) forest floor towards the atmosphere.

Changing species composition in forests by man-
agement is a possible climate change mitigation ac-
tivity. But the net effect of all climate forcers com-
bined is uncertain and location-specific. Few studies
have to date included the effects of all relevant pro-
cesses due to inherent uncertainties and complexity
of modelling. More research is therefore needed to
advance the understanding of how forest manage-
ment decisions influence the full range of climate
forcers.
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While the above conclusions hopefully can guide
policymakers in their endeavors, there remain
significant gaps in our knowledge, which need to
be filled by further research and collaborative ac-
tivities. The most important issues that should be
addressed are:

* 'The lending of support national, cross-sectoral
analyses of the contributions of land use and bio-
based systems to reducing the radiative forcing
in the atmosphere over various timescales. These
analyses should consider all climate forcers, as
well as biomass usage in the different sectors.

* 'The establishment of research programs that
expand knowledge concerning the interactions
between climate change, human activities, and
natural ecosystem processes, such as aging and
disturbances. These programs should explore
how these interactions will affect non-GHG cli-
mate forcers, as well as the capacities of forests
and other ecosystems to sequester and store car-
bon over time. Furthermore, they should address
both rotation forestry and selection forestry, and
examine the transition from the former to the
latter.

¢ The roles of biomass in different sectors and the
effectiveness of different biomass and land uses

for climate change mitigation. Many sectors have
expectations regarding biomass as a mitigation
option. Total biomass demand may exceed what
can be made available while maintaining favor-
able conditions for other social, economic, and
ecological functions.

* 'The development, evaluation, and improvement
of methods and tools for monitoring, reporting,
and verifying carbon stocks and flows in forests
and in forest products. As non-GHG climate
forcers can be as important as GHGs, it is desir-
able to develop also tools that cover these forcers.

The conference focused on climate change mitiga-
tion and did not consider important issues related to
adaptation and the general need to preserve, restore,
and enhance biodiversity and the capacities of for-
ests to support a multitude of ecosystem services.
Nonetheless, there is a need to create and expand sci-
entific and policy collaborations among boreal countries,
to address both mitigation and adaptation issues. The
boreal countries face serious consequences of cli-
mate change and there is much to be gained from
expanding collaborative research activities to as-
sess and address the impacts of climate change. The
International Boreal Forest Research Association
(IBFRA) can serve as a vehicle for advancing this
research agenda.
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Introduction to the conference and the report

This report summarizes the discussions from a
2-day international conference titled Forests and the
climate: Manage for maximum wood production or leave
the forest as a carbon sink. This conference took place
on March 12* and 13®, 2018 at the Royal Swedish
Academy of Agriculture and Forestry in Stockholm,
Sweden.

The conference built on earlier events on the same
topic organized by the Royal Swedish Academy of
Sciences (KVA) and the Royal Swedish Academy
of Agriculture and Forestry (KSLA), and most
recently a roundtable discussion of the European
Academies’ Science Advisory Council (EASAC)
report titled Multi—functionality and Sustainability in
the European Union’s Forests, which was launched in

mid-2017.

The conference aimed to facilitate dialogue among
experts representing different views related to for-
est management and climate change mitigation, to
help advance scientific understanding. Another ob-
jective was to identify knowledge gaps and priorities
for future research and data collection. The invited
presentations and open discussions addressed forest
management, forest-climate interactions, and the
possible roles of forestry-derived feedstocks in the
energy and material systems. All of these issues were
discussed in the context of the transformations re-
quired to reach the targets of the Paris Agreement
on climate.

This report is an attempt to summarize the out-
comes of the discussions at the conference, bearing

Stockholm, December 2018

in mind that the authors of the report are solely re-
sponsible for its content and conclusions. The report
is structured around a number of key questions (see
Background) that prior to the conference were iden-
tified as crucial to the ongoing debate on the role of
forests and the forest sector in climate change miti-
gation.

The conference program is provided in Appendix
1 to this report. Presentations and supporting docu-
ments can be found at www.ksla.se/aktivitet/forests-
and-the-climate/.

We are grateful to the conference speakers and
other experts who contributed to the preparation of
the supporting documents before the conference.
We especially thank those who gave presentations
at the conference and who carefully reviewed draft
versions of this report. In addition, we thank Elin
Mellqvist (KVA) and Birgitta Naumburg (KSLA)
for providing administrative support for the con-
ference implementation, as well as for the produc-
tion of this report. Finally, we send our thanks to
all the conference participants who contributed to
important discussions during the conference (see

Appendix 2).

We are also very grateful for the financial support
received from the Swedish Foundation for Strategic
Environmental Research, Mistra, the Swedish Re-
search Council Formas, the Swedish Energy Agency,
and Chalmers University of Technology.

Gdran Berndes, Mattias Goldmann, Filip Johnsson, Anders Lindroth, and Anders Wijkman

The Editorial team

1. https.//easac.eu/meetings-events/details/launch-of-easac-report-on-sustainable-forests/.

Forests and the climate
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Background

Key questions

The report is structured around a number of key is-
sues that prior to the conference were identified as
crucial to the ongoing debate on the role of forests
and the forest sector in climate change mitigation.
They are discussed here in the following order:

1. Is there a difference between biogenic carbon?
emissions and fossil carbon emissions? Can bio-
genic carbon balances be omitted from climate
impact assessments of forest products and sys-
tems?

2. What roles will biomass play in the energy sys-
tem in the short, medium, and long terms?

3. How can forest materials substitute for GHG-
intensive materials and reduce their GHG foot-
prints?

4. What are the trade-offs between biomass pro-
duction, carbon sequestration, and storage of
carbon in forests and forest products? How do
these trade-offs pertain to different climate
change mitigation objectives?

5. What are the differences between rotation forest
management and selection forest management in
relation to carbon balances and biomass produc-
tion?

6. How do different forest management strategies
interact with other climate forces than GHGs,

e.g. reflection of solar radiation from Earth’s sur-
face? Should non-GHG forcers be considered
when climate change mitigation strategies are
developed for the for-estry sector?

While many of the examples cited are related to
Europe and part of the text specifically concerns
Sweden, the report has a global scope.

Forests and the Climate

The conference was set against the background of
the Paris Agreement from 2015, which aims to re-
strict the increase in the global average temperature
to well below 2°C relative to pre-industrial levels and
pursues efforts to limit the temperature increase to
1.5°C above pre-industrial levels (see box next page).
'This will require a comprehensive portfolio of tech-
nologies and policy measures modify and replace
production and consumption systems in society.
Most of the countries that have submitted Nationally
Determined Contributions to the UNFCCC secre-
tariat have indicated that land use, and in particular
forestry, will play an important role in achieving the
desired reductions in GHG emissions. At the same
time, reference to land use is often vague and non-
specific, which indicates that countries have yet to
develop mitigation strategies (including monitoring
and reporting tools) with regard to land use.’
Around the world, forests act as large carbon
sinks that remove about one-quarter to one-third of
anthropogenic GHG emissions from the atmosphere

2. Biogenic carbon is the carbon that is stored in animals, plants, and organic matter in soils (the biosphere) and in biobased products,

such as wood-frame buildings, paper, food, and biofuels. Carbon is continuously circulated between these biogenic carbon pools and the

atmosphere. It is removed from the atmosphere through photosynthesis and emitted to the atmosphere through respiration, decay, and

combustion. Carbon is also transferred between different biogenic carbon pools. For example, carbon in vegetation is transferred to soils

through litter fall. When a tree is harvested and used to produce sawnwood for the building industry, carbon is transferred from the forest

into the building.

3. Grassi G. & Dentener F. 2015. Quantifying the Contribution of the Land Use Sector to the Paris Climate Agreement. Report No. EUR
27561, doi: 10.2788/096422. Publications Office of the European Union.

Forests and the climate
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The Paris Agreement consists of 29 Articles, of which the following are particularly relevant to our case:

Article 2: ... Holding the increase in the global average temperature to well below 2°C above pre-industrial levels
and pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels, recognizing that this
would significantly reduce the risks and impacts of climate change...

Article 4: In order to achieve the long-term temperature goal set out in Article 2, Parties aim to reach global peaking
of greenhouse gas emissions as soon as possible... and to undertake rapid reductions thereafter in accordance
with best available Science, so as to achieve a balance between anthropogenic emissions by sources and removal
by sinks of greenhouse gases in the second half of this century... All Parties should strive to formulate and com-
municate long-term low greenhouse gas emission development strategies, mindful of Article 2 and taking into ac-
count their common but differentiated responsibilities and respective capabilities, in the light of different national
circumstances.

Article 5: Parties should take action to conserve and enhance, as appropriate, sinks and reservoirs of greenhouse
gases as referred to in Article 4, paragraph 1(d), of the Convention, including forests...

Article 10: Parties share a long-term vision on the importance of fully realizing technology development and trans-
fer in order to improve resilience to climate change and to reduce greenhouse gas emissions.

Data: D|AC/NOAA-IESRL/GCP/JOOS eta/|2013
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Figure 1. Carbon emissions (positive) are partitioned between the atmosphere and carbon sinks on land and in the ocean (negative). The
fossil carbon flow to the atmosphere is much larger than the net flow of carbon from the land to the atmosphere, which is designated as
land-use change. Although not depicted in this diagram, the bi-directional carbon flows between the land and the atmosphere (which
are driven by photosynthesis and respiration) are one order of magnitude larger than the fossil carbon flow to the atmosphere. These
bi-directional flows vary over time, are difficult to quantify, and are expected to be influenced by climate change in ways that are not
well understood.
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(Fig. 1). However, the efficiencies of these sinks vary
between the Northern and Southern Hemispheres
and between different forest and management
types. Land-owners and forest-based industries play
important roles in the global GHG balance. They
influence the capacities of forests to sequester and
store carbon. In addition, they generate forest prod-
ucts that can store carbon and substitute for fossil
tuels and other products, thereby reducing carbon
emissions.

Uncertainty prevails with regard to how the in-
teractions between climate change, human activi-
ties, and natural ecosystem processes, such as aging
and disturbances, affect the capacity of forests to
sequester and store carbon over the long term.*
Furthermore, forests affect the climate by:

* modulating the share of incoming sunlight that
is reflected into space (instead of warming the
earth surface);

* influencing evapotranspiration, which in turn
influences the near-surface temperatures; and

* emitting biogenic volatile organic compounds

(BVOCs).

As explained later in this report, the net effect of
all the climate forcers combined is uncertain and
location-specific, although studies have shown that
the effects of non-GHG forcers can be as potent as
those of GHGs.

A major concern is that the promotion of bioen-
ergy, and of biobased products in general, could re-
sult in a strongly increasing wood harvest, threaten-
ing the very existence of forests. Considering the
well-documented cases of deforestation and forest

degradation around the world, this concern is jus-
tified. There is a lower risk of such developments
occurring in countries where wood demand incen-
tivizes land owners to keep their land forested and
to manage their forests for wood production, and
where legislation and sustainable forest management
(SFM) principles® protect forests and safeguard
against overharvesting.

In regions where forest growth rates exceed har-
vest levels (e.g. in Europe), it is expected that sus-
tainably managed forests can make a substantially
larger contribution to energy and material supply
than is currently the case, thereby reducing carbon
emissions. Nonetheless, forest biomass resources are
limited and global application of SFM principles
may well lead to a situation where the demand for
forest biomass exceeds the supply capacity.

From the above, it can be concluded that:

1. acredible accounting framework is needed to en-
sure that the GHG consequences of forest man-
agement, as well as the use of forest products, are
taken into account appropriately;

2. climate forcers other than GHGs need to be con-
sidered, as they can have similarly substantial ef-
fects on the climate; and

3. in the development of sustainability frameworks
for bioenergy and other biobased products, it will
be important to ensure that all sustainability di-
mensions in SFM are considered — not least in a
scenario in which biomass demand grows rapidly
and prices escalate.

4. Girardin, ML.P. e al. 2016. No growth stimulation of Canada’s boreal forest under half-century of combined warming and CO, fertiliza-
tion. PNAS, doi: 10.1073/pnas.1610156113; Nabuurs, G.-J. e al. 2013. First signs of carbon sink saturation in European forest biomass.
Nature Climate Change, doi: 10.1038/nclimate1853; Baccini, A. ez al. 2017. Tropical forests are a net carbon source based on aboveground

measurements of gain and loss. Science, doi: 10.1126/science.aam5962.

5. While this document focuses on aspects related to climate change, sustainable forest management is a broader topic that encompasses

environmental, economic, and socio-cultural dimensions. The Ministerial Conference on the Protection of Forests in Europe (FOREST
EUROPE) and the Food and Agriculture Organization of the United Nations (FAO) defines SFM as: The stewardship and use of forests
and forest lands in a way, and at a rate, that maintains their biodiversity, productivity, regeneration capacity, vitality and their potential to fulfill,

now and in the future, relevant ecological, economic and social functions, at local, national, and global levels, and that does not cause damage to other

ecosystems.

Forests and the climate
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The remaining carbon budget

A carbon budget is the amount of carbon that can
be added to the atmosphere while retaining a cer-
tain likelihood® of not exceeding a given tempera-
ture threshold. It is estimated that the carbon bud-
get that corresponds to a “likely” chance of holding
the increase in average global temperature at <2°C
above the pre-industrial level is within the range of
590-1240 GtCO, for emissions after year 2015.” As
current global annual CO, emissions are about 40
GtCO2/yr®, emissions must be reduced urgently to
stay within this budget. Remaining within a 1.5°C
budget requires even more drastic reductions in
emissions.

The GHG reductions achieved to date — in the
EU context, around 20 percent of territorial emis-
sions between the year 2000 and year 2020 — have
been achieved relatively easily using present prac-
tices and societal structures. However, meeting the
Paris Agreement temperature target is a daunting
task. Incremental change will not suffice. Instead,
what is required is nothing less than transformation
of all the major sectors of society.

One issue of major concern is that most of the
IPCC scenarios for meeting the global 2°C target
include an overshoot of the carbon budget, fol-
lowed by the removal of excess carbon from the at-
mosphere — so-called negative emissions — based on

large-scale deployment of CO, removal technol-
ogies. Bioenergy combined with carbon capture and
storage (BECCS) is the option that has received the
most attention to date. Obviously, the contribution
of BECCS is critically dependent upon whether it is
possible to meet the associated biomass demand with-
out competing with food production and without
causing significant increases in GHG emissions due
to the changes in land use, including reductions in
the strength of the land-based carbon sink.

This report does not include a comprehensive
discussion of the feasibility — and desirability — of
large-scale deployment of BECCS to help meet the
Paris Agreement temperature targets. Nevertheless,
we emphasize that the scale of the biomass supply
needed is in itself a strong argument for a more rapid
reduction of GHG emissions in the near term, so as
to be less dependent on negative emissions in the
future. Furthermore, the needed transformations in
society will take time to implement and will require
a balance between actions taken now and actions to
be taken in the future. Therefore, measures to reduce
GHG emissions in the near term should, ideally,
facilitate additional steps towards accomplishing
deeper reductions in the longer term. Measures that
instead make future actions more difficult risk being
counter-productive in the long-term perspective.

6. The likelihood scale used in the IPCC ARS5 includes the following terms to designate the likelihood of an outcome: “Virtually uncer-
tain” (99-100% probability); “Very likely” (90-100%); “Likely” (66—100%); “About as likely as not” (33—-66%); “Unlikely” (0-33%); “Very
unlikely” (0-10%); “Exceptionally unlikely” (0-1%). Source: Mastrandrea, M.D., Field, C.B., Stocker, T.F., Edenhofer, O., Ebi, K.L.,
Frame, D.J., Held, H., Kriegler, E., Mach, K.J., Matschoss, P.R., Plattner, G.-K., Yohe, G.W., Zwiers, FW. 2010. Guidance Note for
Lead Authors of the IPCC Fifth Assessment Report on Consistent Treatment of Uncertainties. Intergovernmental Panel on Climate

Change (IPCC).

7. Rogelj, J., Schaefter, M., Friedlingstein, P., Gillett, N.P., van Vuuren, D.P., Riahi, K., Allen, M., Knutti, R. 2016. Differences between
carbon budget estimates unravelled. Nature Climate Change 6, 245-252.
8. Estimate for year 2016 by the Global Carbon Project: 40.8 + 2.7 GtCQ,. Source: www.globalcarbonproject.org/carbonbudget/.
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Figure 2. The total global carbon budget since pre-industrial times, and the remaining budget for CO, emissions after year 2015. Based
on Global Carbon Budget 2016 (www.globalcarbonproject.org) and Rogelj et al. 2016.°

9. Rogelj, ]., Schaeffer, M., Friedlingstein, P., Gillett, N.P., van Vuuren, D.P., Riahi, K., Allen, M., Knutti, R. 2016. Differences between
carbon budget estimates unravelled. Nature Climate Change 6, 245-252.
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Energy and materials

The energy sector is of particular importance in
relation to the required transition to a low-carbon
society. Fossil fuels continue to dominate the global
energy mix and still provide more than 80 percent of
primary energy worldwide. This ratio is almost the
same as it was in the 1970, despite the rapid growth
in renewable energy technologies that has occurred
in recent decades. In some parts of the world, pol-
icies have been introduced that have as their over-
riding goal the gradual phasing-out of fossil fuels.
'The EU 20/20/20 policy framework from year 2008
is one example of this. Nevertheless, investments in
infrastructures and systems that rely on fossil fuels
continue to predominate on the global level.

The use of materials and the associated industrial
sectors are major sources of GHG emissions. The
steel and cement industries combined accounted for
around 8 percent of global energy use and almost 15
percent of global anthropogenic CO, emissions in
2012.1 According to a recent study conducted by the
International Resource Panel, almost half of the ur-

ban infrastructure that will be needed in year 2050
has not yet been built.!! If the projected increase in
infrastructure will be based on currently available
GHG-intensive materials and technologies, a sig-
nificant part of the carbon budget associated with
achieving the 2°C target will be consumed by the
production of materials alone. Thus, low-carbon
processes for producing basic materials, such as ce-
ment and steel, will be needed. Furthermore, there
will have to be increased resource efficiency (moving
from linear to circular material flows) and substitu-
tion of materials.

The forest sector represents a significant op-
portunity for substitution of fossil fuels and GHG-
intensive materials. In applications in which mate-
rial substitution is difficult, biomass can be used to
reduce the GHG intensities of the materials. For
example, biomass that cannot be used to produce
higher-value products, such as sawnwood, can be
used in place of fossil fuels to provide the thermal
energy needed for cement production.

10.IEA. 2015. Energy Technology Perspectives 2015 — Mobilizing Innovation to Accelerate Climate Action. International Energy Agency,

Paris, France.

11. IRP. 2018. The Weight of Cities: Resource Requirements of Future Urbanization. Swilling, M., Hajer, M., Baynes, T., Bergesen, J.,
Labb¢, F., Musango, J.K., Ramaswami, A., Robinson, B., Salat, S., Suh, S., Currie, P., Fang, A., Hanson, A. Kruit, K., Reiner, M., Smit,
S., Tabory, S. A Report by the International Resource Panel. United Nations Environment Programme, Nairobi, Kenya.
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