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1 Advances in the use of lidar data for forest carbon accounting

Main Organizer

Co-Organizer(s)

Ronald McRoberts
US Forest Service, St. Paul, Minnesota/USA
rmcroberts@ s. fed. us

Erik Naesset, Norwegian University of Life Sciences

Session description

Forest carbon accounting, including estimation of sequestered carbon, is at the heart of
efforts to assess and mitigate the effects of climate change. The primary source of forest
carbon information is ground plots established by forest inventory and monitoring pro-
grams. Estimation procedures typically entail multiple steps: acquisition of individual
tree data for a sample of ground plots; allometric modeling to predict tree- and plot-level
carbon; augmentation of the ground data with lidar or other remotely sensed data to in-
crease precision; and use of statistical estimators that capitalize on the relationship
between the ground and lidar data. Because both ground and lidar data are expensive to
acquire, recent research has focused on development of cost efficient sampling schemes
for both data sources and on the precision of statistical estimators. Substantive advances
include acquisition of lidar data in strips rather than wall-to-wall, lidar-guided ground
sampling, nonlinear predictive models of relationships between ground and lidar data,
model-based inference to circumvent probability sampling requirements, and statistically
rigorous uncertainty assessment.

Carbon estimation for remote forests such as in the tropics or interior Alaska is both fi-
nancially and logistically challenging, and particularly so if the IPCC good practice
guidance criteria of “neither over- nor under-estimates” and “reducing uncertainty” are
to be satisfied. Although emerging lidar technologies can contribute to resolving these
difficulties, wall-to-wall lidar acquisitions supported by large ground sample sizes are
simply not feasible for remote forests. Thus, development of cost efficient lidar and
ground sampling designs are imperative, as are inferential methods that capitalize on the
sampling innovations. The presentations in this session demonstrate advances in ground
and lidar sampling and in statistical methods that support those advances.
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14 Strategies and challenges for risk resilient forest management

Main Organizer

Co-Organizer(s)

Anatoly Shvidenko
International Institute for Applied Systems Analysis (IIASA), Laxenburg/Austria
shvidenk@i i asa. ac. at

Eugeny Vaganov, Siberian Federal University
Rasmus Astrup, International Boreal Forest Research Association (IBFRA)

Session description

The session aims at discussing risk-resilient, adaptive and sustainable forest management
(RRFM). It will showcase different strategies of transition and implementation strategies
as well come up with policy recommendations. Diversity of forests, ownerships, socio-
economic conditions, forest management practices and policies over the globe is high,
and so are the associated risks such as climate change impact and disturbances. This ge-
nerates large differences in stakeholder preferences, importance of ecosystem services
and their evaluation, as well as options in implementing RRFM. Cross-border analysis of
national specifics and commonalities are needed to understand potentials and challenges
of RRFM. Investigating socio-ecological drivers which define current and future states,
resilience/vulnerability of forests, and the stability of (agro-) forest landscapes needs to
be based on an integrated evaluation of major forest ecosystem services and landscapes’
stability. Major research questions include: forecasting future trajectories of forest deve-
lopment; assessing optimal ways, risks and uncertainties of transition to and implementa-
tion of RRFM; and the development of a portfolio of key ecosystem services and assessing
their dynamics. Addressing these questions requires elaborating a set of indicator for the
resilience/vulnerability of forests and landscape stability based on models of different
scales that would be capable to represent a diversity of forest management systems. In-
formation background of the problem includes multi-sensor remote sensing concept, in-
tegrated description of land cover at the landscape basis, biophysical and economic mo-
dels. Biophysical assessment results of selected ecosystem services will be analyzed for
risk exposure and uncertainty. The key question is quantifying tradeoffs between ecosys-
tem services including their economic valuation within the paradigm of multi-functional
use of forests as a basis for RRFM transition strategies for policy makers.

Finally, the session aims at providing recommendations for forest professionals and policy
makers on RRFM in the form of a policy brief as a session output.
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15 Impacts of environmental changes on growth and productivity of managed and unma-
naged forests

Main Organizer

Co-Organizer(s)

Hans-Peter Kahle
Albert-Ludwigs-University Freiburg, Freiburg/Germany
HarmPset er. Kahf e®@i wwr gnde

Session description

Environmental changes directly and indirectly affect the growth and productivity of fo-
rests: directly due to changes in climate and soil related site conditions including weather,
atmospheric chemistry (e.g. carbon dioxide, ozone) and soil chemistry (e.g. reactive nitro-
gen compounds) and indirectly through complex interactions in the forest ecosystems
itself. Weather and climate also affect the frequency and severity of many abiotic and
biotic forest disturbances, which again alter patterns and process in forest ecosystems.

In conjunction with the impacts of projected climate changes, forests face impacts from
changes in land-use, degradation, fragmentation, and increasing pressure of invasive spe-
cies. Although it is difficult to separate the effects of these different factors, the combined
impact is already leading to changes in the growth and productivity of forests. As these
changes are likely to continue in the decades ahead, essential goods and services provi-
ded by forests may be compromised.

How the growth and productivity of forests will change is unclear and strongly depends
on the environmental context and how much climate changes. Productivity gains that
might result from extended growing seasons, and from carbon dioxide and nitrogen fer-
tilization may be offset by productivity losses associated with increased summer drought
and heat, pressure from pests and diseases, soil acidification or mismanagement of fo-
rests. What is clear is that anticipated climate changes will increase the uncertainty about
the future of the forests.

Understanding the ecological, economic and social effects of environmental changes on
forest growth and productivity is limited by scientific understanding of several key factors
that control the response of managed and unmanaged forests to environmental changes.
The session aims at developing a more robust interdisciplinary understanding of the
responses in growth and productivity of forests to environmental changes and providing a
basis for assessing adaptation options available to the management of forests.
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29 Integrating climate change, disturbances and diversity effects into growth models:
from understanding ecological processes to predicting forest growth and yield

Main Organizer

Co-Organizer(s)

Robert Schneider
Université du Québec a Rimouski, Rimouski, Québec/Canada
robert schneider @uqgar . ca

Axel Albrecht, Forest Research Institute Baden-Wuerttemberg, Freiburg, Germany
Mathieu Fortin, INRA/AgroParisTech, Nancy, France
Laurie Dupont-Leduc, Université du Québec a Rimouski

Session description

In many countries, close-to-nature forest management has gained in popularity over the
last decades. This new paradigm promotes both structural and species diversity. Tree
growth, competition and mortality are all influenced by both types of diversity. Forests
with high levels of species diversity can, under certain conditions, be more productive
than monospecific forests. This increase in productivity can be explained by changes in
nutrient cycling, a better use of canopy space through niche partitioning or simply due to
an increase in forest density of mixed stands.

In the future, the differences in growth between diverse and monospecific and/or homo-
genous forests will become more important due to global change. Increases in the fre-
guency and intensity of large-scale disturbances, such as windstorm, drought, fire, and
pest outbreak, could counterbalance some benefits of the close-to-nature management
and even result in a decrease in productivity.

In order to better reflect the current forestry practices, the structural and mixing interac-
tions must be integrated into growth models. The question thus arises: how to integrate
climate change, large-scale disturbances and diversity effects into growth models, at both
the stand and tree levels? The different growth processes (growth, mortality, recruit-
ment) must be adapted in light of the knowledge gained from understanding the ecologi-
cal processes. Modellers might also consider hybridizing their models, by including key
physiological processes in some of their model components in order to account for the
greater variability in future forest conditions.

The resulting models will undoubtedly help forest managers maintain forest productivity
and decrease forest vulnerability to large-scale disturbances. Species suitability could also
be inferred, in order to favour the right species for a given site, considering the range in
future climatic conditions and modified disturbance regimes.
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36 Interactions of Global Forest Resources and Climate

Main Organizer

Co-Organizer(s)

Rasoul Yousefpour
University of Freiburg, Freiburg/Germany
rasoul .youstEfpbobbu@gfdeuni

Julia Pongratz, Max Planck Institute for Meteorology Hamburg, Germany

Session description

Forests and climate form a tightly coupled system: Forest growth is driven by primary pro-
duction, natural mortality and disturbances, all of which depend on environmental condi-
tions. At the same time, forest influences global climate by its prominent role in removing
excess atmospheric CO2 and regional climate by exchanging water and energy fluxes with
the atmosphere. This session highlights novel research on both ways of interactions, and
analyses the effects of human intervention in the coupled forest-climate system mainly
for wood utilization.

Common approaches to determine forest resource utilization use integrated assessment
models or forest sector models that assume as main drivers economic and population
growth scenarios with forest harvest decisions being reactive to these scenarios rather
than interactive. However, any decision about forest wood utilization should take into
account forest growth in interactions with climate and disturbance regimes. Recent rese-
arch activities thus reach out to Earth system models and their land components
(Dynamic Global Vegetation Models), which simulate the effects of forest resource utiliza-
tion for climate and the carbon cycle, and extend their scope to treat forest use not as
external driver, but in interaction with future climate change. This session aims at brin-
ging together experts from all these different research communities to highlight research
on the future role of forest resources under changing environmental conditions.

The session will further provide a forum for the assessment of forests and forestry
beyond the carbon cycle perspective. Biogeophysical effects can contribute to or counter-
act the effects of carbon fluxes on climate. As observation- and model-based estimates of
carbon, water, and energy fluxes become more abundant, this session invites approaches
towards a full accounting of forests’ mitigation potential and potential feedbacks on resi-
lience.
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46 European Climate Smart Forestry

Main Organizer

Co-Organizer(s)

Gert-Jan Nabuurs
Alterra, Wageningen University and Research, "Wageningen/The Netherlands
gef an. nabuur s@wur . nl

Marcus Lindner, European Forest Institute

Session description

It is estimated that EU forests and the forest sector currently achieve an overall climate
mitigation impact that amounts to about 13% of the total EU emissions. Now that the EU
has set targets of -40% emission reduction by 2030, every sector has to cover its share
and thus the role of forests needs to be strengthened. Since European forests have been
managed for centuries, they are perfectly set to implement actions to strengthen climate
mitigation.

But how can this role of forests further be strengthened; either through sinks, or har-
vested wood products or bio-energy? Do we need to develop incentives and how will
society perceive the trade offs ? How should governance and accounting be developed to
create best synergies?

There are also uncertainties. The total impact of forest management is sometimes contro-
versial: impacts on biodiversity of e.g. bio-energy are disputed, the albedo change im-
pacts are uncertain, and mitigation effects may be counteracted by climate change im-
pacts.

This session has ~8-10 presentations on the aspects:

- The potential of European forests and the role of harvested wood products and
substitution in climate change mitigation

- Climate Smart Forestry; regional variations and feasibility

- Incentives to stimulate climate change mitigation in forestry

- Adaptation of European forests to climate change

- Uncertainty, disturbances and full climate impacts of forest management

The session is Multi disciplinary: It has aspects of Div 4, 6,8, 9
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61 Decision Support Approaches in Adaptive Forest Management

Main Organizer

Co-Organizer(s)

Jan Kaspar
FFWS CULS Prague, Praha 6 Suchdol/Czech Republic
kasparj @ d. czu. cz

Roébert, Marusak, Faculty of Forestry and Wood Sciences CULS Prague, Czech Republic
(unit 4.04.00)

Pete Bettinger, Warnell School of Forestry and Natural Resources, University of Georgia,
USA (unit 4.04.00)

Harald, Vacik, University of Natural Resources and Life Sciences (BOKU) Vienna, Austria
(unit 4.03.03)

Jordi Garcia-Gonzalo, Forest Sciences Centre of Catalonia, Spain (unit 4.04.06)

Session description

Forest management is characterized by a lot of environmental, economic and social
uncertainties that influence the long-term planning in most cases. Decision makers are
facing several challenges in making a choice for the best management strategy, as exter-
nal factors are often stochastic in nature and the options for adaption are manifold. The
rising demands from society on a sustainable provision of ecosystems services increase
the complexity of forest decision problems as well.

The potential for the development of decision support approaches in forest management
is set by decision theory, available technology and methods. Demands for decision sup-
port are emerging from the challenges and problems of forest management which act as
stimuli for the research community. As objectives and approaches in forest management
as well as technologies have been changing throughout history, the demand for approa-
ches to support planning and decision making will change in future as well. Given the
huge uncertainties regarding to future environmental conditions as well as societal de-
mands decision support approaches are seen as very promising for implementing strate-
gic ecosystem management. Research tries to cover these demands by improving models,
introducing new methods and holistic planning approaches in decision support. In this
session we will explore the different ways how adaptive forest management can be im-
plemented. The organizers are able to propose speakers from different thematic areas
including harvest scheduling methods, participatory forest management, risk resilient fo-
rest management and forest decision support systems.

10
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62 Forest models developed from census data containing errors

Main Organizer

Co-Organizer(s)

Bogdan Strimbu
Oregon State University, Corvallis/USA
bogdan. stri mbu@oregonstate. edu

Biing Guan, National Taiwan University
Thomas Hilker, University of Southampton

Session description

Inexpensive acquisition of data using remote sensing techniques and advances in image
processing suggest development of models based on populations instead of samples. Not
only does all inventory become available but it is also spatially accessible, in the sense
that location of each element of interest is known. However, usage of stand level census
data instead of samples introduces measurement errors, as wall — to — wall algorithms do
not perform without mistakes. Image classification and segmentation were augmented by
the increase in computational power and improved sensors resolution, but errors ranging
from 5% to 40% are still expected. Even with these errors, the population parameters can
be estimated with better precision than from samples. Another advantage of using census
data is the integration of silviculture with operational plans, particularly in intermediate
cuts (e.g., thinning or group selection). This integration is of particular importance, as it
ensures implementation of optimal decision for a prescribed goal. The proposed session
has two objectives: 1) present procedures for estimation of error of attributes computed
from census data, and 2) introduce novel methods of synchronizing operational plans
(i.e., field implementation) with higher level objectives (e.g., strategic plans). The presen-
tation of the invited speakers will address the two objectives, while the selected speakers
will propose new approaches to estimate errors or to optimize decision from imperfect
data. The main sources of data considered will be from sensors mounted on airborne
platforms (particularly unmanned aerial vehicles and airplanes) or on terrestrial vehicles
(such as harvesters). The session is of particular interest for scientists and practitioners
interested in 3D data, as point clouds obtained with computer vision techniques (such as
structure from motion) contain more noise and errors than point clouds produced with
active sensors or from techniques based on stereopsis.
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67 Managerial Economics and Accounting: Where We’ve Been & Where We Can Go

Main Organizer

Co-Organizer(s)

Donald Hodges
University of Tennessee, Knoxville, TN/USA
dhodges2@ut k. edu

Lidija Zadnik Stirn, University of Ljubljana, Slovenia

Session description

Managerial Economics and Accounting have informed the debates surrounding the pro-
per management of forest resources and the role of forests in society throughout the his-
tory of IUFRO. This contribution is all the more significant today, with the growing recog-
nition of forests’ contributions to climate regulation, biodiversity maintenance, water
quality and quantity, and a myriad of other forest-based ecosystem services. Moving for-
ward, the significance of the disciplines will only increase as the role of forest ecosystem
services continues to gain public notice, and other topics such as invasive species, green
infrastructure, and trade-related issues evolve.

The proposed session by IUFRO 4.05.00 will provide an historical perspective of manageri-
al economics and accounting, as well as discuss the future of the disciplines in addressing
these issues and contributing to public debates. It addresses several of the themes out-
lines in the current IUFRO Strategy, specifically: 1) How the role of forests for people’s
livelihoods and quality of life can be improved; 2) How forests can play a greater role in
carbon sequestering; and 3) What role forests can play in the emerging bio-economy, and
how can their true value be recognized.

This will be accomplished by an introductory presentation on the evolution of managerial
economics and accounting in forestry over the past 125 years, followed by a series of
presentations on how the two disciplines can contribute to the understanding of selected
topics such as biological agents, ecosystem services, bioenergy, and management issues.
These future outlook presentations will provide a vision of possible methodological ad-
vances as well as discuss the role that the disciplines can play in policy deliberations.

12
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79 Decision support models (DSM) for optimal forest management(FM) with a glance to
the past and a view to the future

Main Organizer

Co-Organizer(s)

Lidija Zadnik (Stirn)
University of Ljubljana; Biotechnical Faculty, Ljubljana/Slovenia
l'idija.zddnisk@bf . uni

Donald G. Hodges, CF

James R. Cox, Forest Economics and Policy
Natural Resource Policy Center

University of Tennessee

Session description

According to Theme 4 of IUFRO strategy 2015-2019: “Forests provide a wide range of fo-
rest products and ecosystem services that are vital to humanity; developing effective de-
cisions for the protection of biodiversity and associated ES requires a collaborative inter-
disciplinary research”, we can state that forest management (FM) with its strategic, tacti-
cal and operational undertakings presents a very complex problem with strong multi-
functionality. Management strategies must ensure both owner income and other func-
tions relevant to social welfare. Approaches to FM decisions that were for decades
focused on economic criteria and within exclusive demand of one or a few individuals,
must now be made with substantial public input (participatory process) while achieving
economic, ecological and social objectives. In order to pursue these objectives, the feasib-
le FM decisions and objectives must first be generated, then evaluated and optimized ac-
cording to the relative importance of each forest function. Various tools, methods and
decision support models (DSM) have been used in FM planning to determine the optimal
decision. Within this session we plan to describe some DSMs from previous work and so-
me new ones. Generally, DSM in forestry can be classified according to the considered
unit or level, quantitative and qualitative methods, deterministic, stochastic and heuristic
algorithms, linear, non-linear, dynamic, multi-criteria, fuzzy, iterative, interactive, discrete
and continuous approaches. For each DSM we can discuss its advantages and disadvan-
tages for the use in FM and give case studies.
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90 Advanced Methods for Measuring, Monitoring and Assessing Forests to Meet Societal
Challenges

Main Organizer

Co-Organizer(s)

Ralph Amateis
Virginia Tech, Blacksburg, Virginia/USA
ralph@vt. edu

V.P. Tewari, Himalayan Forest Research Institute, India
Peter Marshall, Faculty of Forestry, University of British Columbia, Canada.

Session description

Demand for forest products and the ecosystem services that forests provide will continue
to increase as the earth’s population grows. Therefore, the triad of forests, science and
people and their interconnection is crucial for human flourishing. To better understand
this triad, advanced scientific methods for measuring and monitoring the impact of en-
vironmental conditions are needed. Methods for determining how humans use forest re-
sources as well as the impact human populations have on forests are essential for under-
standing the interrelationships between people and forests. The proposed session would
include presentations about advanced methods for measuring, inventorying and monito-
ring biodiversity, forest health, water relations, the effects of climate change on forest
species and forest productivity. Included in this session, and especially encouraged, would
be presentations focusing on the measurement and assessment of human and societal
impacts on forest resources and ecosystems. The role of forest observational studies,
temporary and permanent plot systems and new inventory techniques and experimental
designs for assessing forests including how humans use forests and how they impact fo-
rests would be included in the session. Presentations about technologically advanced
measuring and monitoring devices and methods for their application in the areas of forest
inventory, tree growth, forest development, biomass and bioenergy, estimation of the
guantity and quality of wood, and assessment of biophysical changes to the forest from
anthropogenic activities are welcome. Presentations covering the use of drones, terrestri-
al and airborne laserscanning, satellite imagery and other advanced remote sensing tech-
niques for measuring and monitoring trees, forests and the impacts of human communi-
ties on forests are also invited.

14
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No#t Title

99 Adaptive spaces: can forest planning support innovative forest practice and knowledge
co-creation

Main Organizer

Co-Organizer(s)

Anna Lawrence
University of the Highlands and Islands, Inverness/UK
anna.lawrence.ic@uhi.ac.uk

Harry Nelson,Department of Forest Resources Management, University of British Colum-
bia

Marjanke Hoogstra-Klein, Forest Economics and Forest Management, Wageningen Uni-
versity, the Netherlands

Rod Keenan, Forest and Ecosystem Science, University of Melbourne, Australia

Session description

Multiple sources of uncertainty affect future forestry, and hence current planning and
practice. Rational hierarchical planning approaches are challenged by multiple crises in-
cluding climate change and tree health. Conventionally practitioners are seen as the reci-
pients of knowledge from science, and implementers of decisions from planners. How-
ever when they have to cope with uncertainty, practitioners are sometimes adapting and
generating new knowledge through practice, trying out different species, silvicultural
techniques and harvesting methods. Such developments contrast with the command-and-
control approach based on scientific prediction, and can sit uncomfortably with the tradi-
tional characteristics of natural resource management organisations, which have been
typecast as bureaucratic, hierarchical and slow to learn.

Recent analysis has highlighted the need to understand practice and knowledge co-
creation, and there is a need to examine this through empirical research. This session ex-
plores two questions: (1) how do forest practitioners (including forest managers, loggers,
owners) cope with uncertainty? E.g. through developing new knowledge, based on flexibi-
lity, innovation and practitioners’ skills; and (2) in what ways can forestry planning struc-
tures support practitioner innovation, knowledge co-production and integration of experi-
ential learning with more conventional scientific knowledge.

The session is organised under IUFRO Working Party 4.04.08 on ‘Forest management for
adaptation to climate change’. It is not restricted to climate change and will feature inter-
disciplinary qualitative and quantitative research, combining ideas and framings from sil-
viculture, organisational change, forest governance, and knowledge cultures. We will exa-
mine how knowledge is generated, tested, shared, adapted and adopted in management
decisions; and how organisations, advisory services and decision processes may need to
shift in order to accommodate this role for practitioners’ knowledge. The session is orga-
nised by researchers from different disciplines and three continents, who will also seek to
include additional papers to widen the disciplinary and geographical coverage.
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101 125 Years of Forest Inventories — Past, Present and Future

Main Organizer

Co-Organizer(s)

Daniel Plugge
Deutsche Gesellschaft fuer Internationale Zusammenarbeit (G1Z), Suva/Fiji
daniel .plugge@gi z. de

Annemarie Bastrup-Birk, Division 04.02.00
European Environmental Agency

Marco Marchetti, Division 04.02.00
University of Molise, Faculty of Sciences

Session description

Forest inventories have always been dynamic concepts over time. They are intended to
obtain information on the quality and quantity of forest resources for multiple stakehol-
ders. As the demand for such information has become more and more complex — from
information about timber production and a foundation for forest management planning
in the early times to information on biomass and carbon in forests, the recreational value
of forests, biodiversity aspects and the role of forests in climate change in the present.
The information no longer needs to be only tailored to foresters and forest owners but
also to policy makers, the international community (e.g. CBD, IPCC, ITTO) and the broader
public. Any information form forest inventories is obtained by scientific methods. Just like
the demand for information, these methods and especially the tools for forest measure-
ments have been developing rapidly over time.

Therefore the aim of this session is to gather experiences, tools and knowledge on the
different eras of forest inventories as well as to provide a state-of-the-art overview on
current and upcoming forest inventory methodologies and techniques (e.g. wall to wall
mapping, combined inventories, UAVs, Terrestrial Laser Scanning, LiDAR) and to discuss
the future development of this very basis of forestry planning and management.

This session is foreseen as an all Division 04.02.00 event and should consist of oral
presentations, posters and exhibits of different forest inventory tools that have been used
over the course of time up to today.

16
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103 Operationalising forest degradation assessment for REDD+

Main Organizer

Co-Organizer(s)

Daniel Plugge
Deutsche Gesellschaft fuer Internationale Zusammenarbeit (G1Z), Suva/Fiji
daniel .plugge@gi z. de

Yasumasa Hirata, Forestry and Forest Products Research Institute,
Annemarie Bastrup Birk

Division 04.02.00

European Environment Agency, Kopenhagen

Marco Marchetti

Division 04.02.00

University of Molise, Faculty of Sciences

Session description

REDD+, if comprehensively implemented goes far beyond climate change mitigation and
encompasses additional benefits for biodiversity, local communities and governance pro-
cesses.

Especially in rural tropical areas the livelihoods of local communities still directly rely on
forest resources. Furthermore, selective logging of forests often with conventional me-
thods aggravates the degradation of forest ecosystems. Both processes lead to CO2 emis-
sions and therefore must be captured in Measurement, Reporting and Verification (MRV)
systems for REDD+. However, forest degradation is the most challenging process in terms
of reliably assessing emissions or emission reductions as it is dynamic over time and inclu-
des small-scale forest structure changes. Research is highly needed to identify time and
cost effective assessment options using a combination of Remote Sensing (RS) and ter-
restrial inventories that is able to be adapted to changing degradation patterns. While this
combination is state of the art for the design of large scale forest inventories in developed
countries, it is lacking in developing countries. Terrestrial inventories need to be able to
capture the dynamics of forest degradation and produce reliable estimates within
reasonable costs. While RS sensors and methods are advancing fast and some studies ha-
ve shown the potential of RS for this subject, the reliable assessment of forest degradati-
on via RS is still in research phase. An effective combination of both methods and feasible
applications which are able to capture small scale changes in forests over time require
dedicated and innovative research.

This session therefore aims to gather experiences from combined RS and terrestrial inven-
tory methods for forest degradation assessments, identify existing research needs and
compile first best practices. Operational methods will not only foster the implementation
of REDD+ MRV systems but also help countries in the development of land use plans for
guided sustainable forest and land management in rural areas for the benefit of local
communities.
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112 Climate change adaptation in forest management: from applied science to implemen-
tation

Main Organizer

Co-Organizer(s)

Peter Brang

Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Birmensdorf/
Switzerland

brang@wsl!l . ch

Manfred J. Lexer, Institute of Silviculture, Vienna
Jean-Luc Peyron, Public Interest Group (GIP) on Forest Ecosystems (ECOFOR) Groupement
d'Intéret Public Ecosystemes Forestiers (GIP ECOFOR)

Session description

Climate change is a great challenge for forest managers. In the last 20 years, a large body
of fundamental and applied research has helped to frame the questions, largely increased
our knowledge, and proposed ways for practical implementation. In forestry, implemen-
tation of adaptation strategies in forest management has started. However, the gap
between what scientific results and information needs of managers, is still considerable.
In this session, we want to showcase the results from several regional case studies, most-
ly from temperate and boreal forests, from a science perspective, and contrast them with
expectations by the forest managers in charge. We believe that this dual approach could
clarify what managers need, and what science can achieve, and how science can be made
more useful for climate change adaptation. The case studies will usually show the ma-
nagement question, the main foreseen impacts of CC, the approach to compare different
future forest developments, depending on CC and management scenarios, and end with
management recommendations. Very often, modelling approaches will be presented.

The panel discussion will address barriers and limitations of past research to implementa-
tion, and explore ways to successfully bridge them.

Option: As the topic is very large and many scientists are actually working in it, we suggest
a twin session, one split in 15 minute oral talks and posters (short presentations) and a
second one devoted to a panel session. We are also highly interested in making this a
cross-divisional activity.

The Topic is relevant for several of the 5 themes for this conference, in particular to the
2nd and 4th ones.
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119 Quantifying disturbance effects and post-disturbance dynamics with repeatedly mea-
sured plots

Main Organizer

Co-Organizer(s)

Bianca Eskelson
University of British Columbia, Vancouver/Canada
bi anca.eskelson@ubc. ca

Andrew Gray, USDA Forest Service PNW Research Station
Teresa Fidalgo Fonseca, University of Tras-os-Montes e Alto Douro
Vicente Monleon, USDA Forest Service PNW Research Station

Session description

Natural disturbances (e.g., fire, insects, pests, drought, and windthrow) are expected to
increase in frequency, severity, and duration due to global climate change. Further, hu-
man activities such as shifting cultivation, illegal cutting or burning, are reported factors
that can present a non-negligible impact in the forest resources of developing countries.
These forest ecosystem disturbances result in immediate carbon losses and alter post-
disturbance carbon dynamics in the long term. Forest ecosystem disturbances also affect
biodiversity dynamics and the occurrence of invasive species. The magnitude of these
effects across large regions, and the extent to which management can mitigate or avoid
disturbance effects, are topics of vigorous scientific debate.

To develop adaptation strategies to climate change and to ensure sustainable forest ma-
nagement practices, we need to better understand the immediate and long-term impacts
of natural and human disturbances on forest ecosystem carbon dynamics, biodiversity
loss, and biological invasions. The best way to achieve this is by analyzing data from
repeatedly measured plots (e.g., national inventory and monitoring plots) to quantify im-
mediate disturbance effects and post-disturbance dynamics. The application of a samp-
ling design or incorporation of ancillary information enables explicitly addressing the sco-
pe of inference.

The presented research provides scientific knowledge critical for solving the global chal-
lenges that we face with an increase in forest disturbances. The presented work will high-
light the importance of using successive inventory and monitoring networks to help us
understand the future role of forests in carbon sequestration, biodiversity loss, and spe-
cies invasion under changing disturbance regimes.
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128 Forest information for bioeconomy outlooks — a joint session of the European
National Forest Inventory Network (ENFIN) and the Horizon 2020 project DIABOLO

Main Organizer

Co-Organizer(s)

Tuula Packalen
Natural Resources Institute Finland (Luke), Joensuu/Finland
tuul a. packalen@l uke. f

Klemens Schadauer, BFW, Austria
Jean-Christophe Herve IGN, France
Laurent Saint-André, INRA, France
Iciar Alberdi Asensio, INIA, Spain
Matthias Dees, ALU-FR, Germany

Session description

National forest inventories (NFI) and other ecosystem monitoring activities of EU Member
States are reliable sources of forest-related information. Nevertheless due to the increa-
sing demands by the forest and other related sectors there is a clear need to make data
collection and analysis more efficient and harmonised, enhance interoperability, provide
information for the main parameters on complete coverage maps and to provide the in-
formation up-to-date. Better knowledge on forest resources, their availability and their
sustainable future supply can help to predict developments of forest ecosystem goods
and services and thus can serve a broad range of affected stakeholders and create new
opportunities for an innovative, sustainable and inclusive bioeconomy in Europe.

The ENFIN — DIABOLO joint session and panel discussion will firstly present the develop-
ment and achievements of the ENFIN (European National Forest Inventory Network)
group during the last decade on providing an excellent platform for enhancing the coope-
ration of NFI organizations and continuously improving methods and data analysis for the
provision of harmonized information on European forests for different stakeholders and
policies. Secondly, the session will focus on latest research results of the Horizon 2020
project DIABOLO (Distributed, integrated and harmonised forest information for bioeco-
nomy outlooks) on i) strengthening the methodological framework for more accurate,
harmonised and timely information derived from forest inventories and monitoring sys-
tems; ii) supporting the development of EU policies and international processes relying on
consistent forest information and iii) on how to make innovative use of field-collected
data and EC space-based applications of Earth observation and satellite positioning sys-
tems.
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129 Advances in multi-scale monitoring of forest biodiversity

Main Organizer

Co-Organizer(s)

Gherardo Chirici
Universita degli Studi di Firenze, Firenze/Italy
gherardo. chirici@unif. it

Ronald E. McRoberts, United States Department of Agriculture, Forest Service, Northern
Research Station, United States of America

Session description

Forests cover about 30% of the world land area, thereby providing a range of critical eco-
system services to society including clean water, medicines, timber, food, and fuelwood,
as well as wildlife habitat, soil integrity, and genetic resources. Among the wide array of
terrestrial habitats, forest and wooded lands represent the most biodiverse biological sys-
tems, largely because of their inherent structural and compositional complexity at all spa-
tial scales. An increasing awareness is that several approaches and indicators should be
considered for evaluating the multiple dimensions of forest biodiversity. The EU Biodiver-
sity Strategy aims to halt the loss of biodiversity and ecosystem services in Europe, contri-
buting to the UNECE goal of stopping the future global biodiversity loss. To meet such an
ambitious goal, a consistent and operational set of biodiversity indicators is urgently need
as well as standardized monitoring system to acquire the needed information at a variety
of spatial and temporal resolutions. In fact, without a consistent measure of forest bio-
diversity, it will be impossible to both monitor temporal trends and forecast future outco-
mes.

In this session, the latest advancements in the integrated use of field-based inventory sys-
tems and remote sensing technologies for monitoring and estimating forest biodiversity
at different spatial scales will be presented and discussed. In particular, the focus will be
on large scale applications and innovative methods which will consistently contribute to
the development of operational forest biodiversity monitoring systems. This will provide
fundamental and consistent support for the future implementation of multi-scale forest
biodiversity monitoring systems.
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130 Contributions of Forest Mensuration and Modeling over 125 years

Main Organizer

Co-Organizer(s)

Temesgen Hailemariam
Oregon State University, Corvallis/USA
hail emari am.temesgen@oregonstate. edu

Session description

Forest mensuration and modeling (FMM) have been at the heart of the forestry practice
since its beginnings more than 125 years ago. Over the intervening period, the field of
forestry has changed in critical ways. It has evolved to embrace a much broader view of
the goals for forest management: more types of forest outputs are important, not just
timber. In addition, it has become increasingly quantitative in its approaches to research
and management. Rising forest values increase the demand for accuracy and precision in
guantitative approaches for management prescriptions and projected outcomes, necessi-
tating quantitative approaches. Both trends have magnified the importance of FMM as
tools of forestry science.

There are many forest management and policy issues that, at first glance, do not appear
to involve FMM but which, on further examination, are found to be closely linked. In this
regard, FMM has both an “inside” and “outside.” The outside part faces interactions with
its clients and front-line sciences (e.g., forest ecology, silviculture, etc.) which bring new
data-analytic ideas to FMM. The clients and professionals in these allied sciences need
solutions to pressing quantitative questions. The inside face relates to the need to extend
the structure of statistical inference, integrate emerging technologies, and adapt mathe-
matical and statistical precepts to FMM needs. In this session, we have invited people
who assert that FMM needs to be responsive to contemporary the many land manage-
ment challenges around the world and address the five questions posed by the Congress
Scientific Committee.
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148 Innovative value added chains in forestry

Main Organizer

Co-Organizer(s)

Ljiljana Keca
University of Belgrade, Faculty of Forestry, Belgrade/Serbia
l'jiljana. keca@sf.bg. ac.rs

Christian Hoffmann, European Academy of Bolzano
Institute for Regional Development and Location Management
EURAC research, Bolzano

Session description

The value added - from harvesting, processing and using the potentials of (domestic) fo-
rest resources - to supply refined timber or non-timber products or to provide touristic or
green care services, continues to increase the value of forested areas - a major part of Bio
-Economy. The paradigm of the cascade usage between material and energetic usage and
dividing high value from low value assortments - a particularity of forestry - is in line with
the European strategy of Circular Economy for increasing resource-efficiency. Accordingly,
this session aims to present outstanding case studies of innovative supply chains that fos-
ter rural-urban linkages and strengthen interdisciplinary interfaces. It will also discuss me-
thodological approaches such as calculation schemes or the applicability of optimization
and behavioral models to compute the value added for certain administrative units. Such
multi-method approaches introduce interesting views for deriving a regional value added,
by capturing the most relevant input-factors and outputs along the value added chain:
from the supply of raw materials and the use of products - to the profit made and taxes
paid. That process can consider horizontal and vertical interlinkages covering intermedia-
te suppliers of individual actors across the production chain. Multiplier effects like that
are extending the “chain concept” to a “network concept”. Therein effects of CO2 se-
guestration or additional value added from introducing carbon taxes could be included as
well. Moreover, we welcome contributions providing insights regarding the competitiven-
ess of regional and international value added chains or the latent conflict between micro-
economic interests and macro-economic benefits as valuable inputs for the discussion.
This Session situates, elaborates, and further explains the theory of value chain, with
focus on interdisciplinary approach. It emphasizes crosscutting and motivations for supp-
lementing the “buyer-driven” and “producer-driven” modes of global commodity chains
in forestry. It considers horizontal and vertical interlinkages covering intermediate supp-
liers of individual actors across the production chains, as one of the elements of bioeco-
nomy.
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157 Beyond Carbon - Optimizing Forest Management for Timber and Multichannel Clima-
te Change Mitigation

Main Organizer

Co-Organizer(s)

Aapo Rautiainen
Natural Resources Institute Finland, Vantaa/Finland
aapo.rautainen@ uke. f

Jussi Uusivuori, Natural Resources Institute Finland
Jussi Lintunen, Natural Resources Institute Finland

Session description

Forests affect the climate through multiple channels: they are an integral part of the glo-
bal carbon cycle, affect Earth’s albedo (surface reflectance), release aerosols, and in-
fluence water cycles. As forests cover a third of global land area, their potential role in
climate change mitigation is large. In this session we consider how climate policy and fo-
rest management can be jointly optimized for multichannel climate change mitigation and
the provision of other forest ecosystem services. The combination of optimal climate po-
licy and forest management must balance the trade-offs between traditional forest
utilization objectives (such as the production of timber, non-timber forest products and
amenities) and climate policy objectives (i.e. carbon storage and mitigation through other
channels).

The rising atmospheric carbon dioxide concentration is the main driver of climate change.
Removing carbon from the atmosphere and storing it in biomass and wood products is
the best-known way to utilize forests for climate change mitigation. However, notable
trade-offs may exist between carbon storage and other forms of forest-based climate
change mitigation. For example, increasing carbon storage in forests means increasing
their area or density, both of which make Earth’s surface darker (i.e. reduce its albedo).
The darker the surface, the more solar radiation it absorbs and the more it warms the
climate. Thus, the effects of increased forest carbon storage are bidirectional: carbon re-
movals from the atmosphere cool the climate but albedo reduction warms it. This trade-
off has recently received increased attention in scientific and forest economic literature
and, hence, our session’s primary focus is the management of forests for timber, carbon
and albedo. However, also presentations considering other ecosystem services in addition
to timber (e.g. amenities or conservation values) and/or other mitigation channels (e.g.
aerosols) are strongly encouraged, as they provide novel perspectives to multichannel
abatement.
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171 Managing Risk in the Face of Uncertain Change

Main Organizer

Co-Organizer(s)

David Gray
Natural Resources Canada, Fredericton/Canada
david. gray@canada. ca

Rasoul, Yousefpour, University of Freiburg

Session description

Forest management planning and decision making have been able, in the past, to give
only slight regard to risk and uncertainty. A substantial body of knowledge has been deri-
ved from empirical evidence regarding the significant factors that are important in deter-
mining the delivery of ecosystem goods and services (including fibre, biodiversity, recrea-
tion, etc.). This includes knowledge of post-disturbance regeneration, post-establishment
succession and silvics, and the frequency and impact of natural disturbances. This empiri-
cal knowledge was considered well developed, and the levels of uncertainty in this know-
ledge were considered sufficiently small and static.

Today, our climate is changing at an unprecedented rate, and this changing climate is dra-
matically increasing our level of uncertainty regarding the frequency and impacts of fu-
ture natural disturbances, and the post-disturbance (natural or anthropogenic) silvics that
will determine the delivery of ecosystem goods and services. At the same time increases
in international trade are increasing the frequency of introduction of alien pests whose
establishment, spread and impact are uncertain under climate change. The combination
of our perception of climate change—which future climate scenario is the most probable?
—and our uncertain predictions of natural disturbances, silvics and alien invasion under
any given climate scenario, influence the decision-making processes that form the ma-
nagement actions whose objective is the delivery of prescribed ecosystem goods and ser-
vices.

Presenters in this session will discuss the most recent techniques of estimating risk and
uncertainty, and of incorporating risk and uncertainty in the decision-making processes
that are essential aspects of forest management planning.
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172 International compatibility and benchmarking of economic data from monitoring,
reporting and accounting

Main Organizer

Co-Organizer(s)

Walter Sekot
University of Natural Resources and Life Sciences Vienna, Austria, Wien/Austria
wal ter.sekot @bhoku. ac. at

Bernhard Mo6hring, Department of Forest Economics and Forest Management, University
of Gottingen, Germany

Bjorn Seintsch, Institute of International Forestry and Forest Economics, Thiinen Institute,
Germany

Session description

The session is designed to be part of the annual conference of unit 4.05.00 on behalf of
4.05.01.

Economic data require prudent assessment in order to allow for sound comparisons and
fruitful benchmarking exercises, standards and definitions being a pre-requisite not only
in terms of availability but also in terms of consistent application. For instance, cut-offs or
the use of surrogates may introduce severe biases. The same unit of measurement is a
necessary but by no means a sufficient condition for any kind of trade-off-considerations.
Merely assuming the consistency of data provided by different sources or referring to
different kinds of values may in fact trigger severe misjudgements and thus compromise
research efforts. Respective issues in accounting are to be addressed at the level of book-
keeping, national accounting and international reporting alike, referring to frameworks
such as forest accountancy data networks, IAS 41, IEEAF and FRA. The scope of contributi-
ons comprises timber production as well as the provision of non-wood goods and forest
services. The session provides an opportunity for an international assessment, synthesis
and evaluation in regard to the availability, documentation and quality of economic data
on forestry as well as the identification of possible amendments from a scientific point of
view. It is intended to integrate efforts like the ones of the DACH-initiative and the EU-
ROSTAT task force on forest accounting and to carry on previous discussions which took
place under the umbrella of unit 4.05.00 in a specifically focused way.
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181 Cross-boundary modelling in a changing world

Main Organizer

Co-Organizer(s)

Arne Pommerening
Swedish University of Agricultural Sciences, Umead/Sweden
arne. pommerening@sl!l u. se

Hubert Hasenauer, BOKU University, Vienna

Session description

Climate change, the emerging bio-economy, changing objectives in forestry, academic
research trends are only a few factors that currently require forest scientists to re-
consider modelling methods and objectives. As forest science is more and more merging
with other fields of science there are increasingly more opportunities for interdisciplinary
research. Interdisciplinary research is viewed by many as the key to addressing current
changes effectively and often requires consistent and harmonised data to work with
across country borders. This is why IUFRO working group 4.01 proposes a session bringing
people from quite different academic fields together that use non-traditional methods of
tree and forest modelling to explore new avenues in the analysis and modelling of forest
ecosystems. The session is meant to inspire the modelling communities within and outsi-
de forestry both in terms of new methods and collaboration.
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185 Towards robust projections of forests under climate change

Main Organizer

Co-Organizer(s)

Christopher Reyer
Potsdam Institute for Climate Impact Research, Potsdam/Germany
reyerp@ptiskdam. de

Rupert Seidl University of Natural Resources and Life Sciences Vienna, Austria,
Bjorn Reineking Irstea, France,

Santiago Sabaté University of Barcelona, Spain,

Annikki Makela University of Helsinki, Finland

Session description

Changes in climate, environment and management are altering the world’s forests. Pro-
jecting changes in the economic, ecological and cultural services that these forests provi-
de is crucial for a concerted response to environmental change. However, mechanistic
models that can be extrapolated to new environmental conditions are still associated
with considerable predictive uncertainty. The reasons are a lack of process knowledge
and harmonized datasets at larger scales. Furthermore, challenges remain in optimally
using the available data types and sources for model parameterization, evaluation, and
comparison.

The proposed session builds upon recent work in the EU COST Action FP1304 PROFOUND
(http://cost-profound.eu/site/), with the aims (1) to present results on harmonizing and
integrating European forest data for model projections, (2) to compare forest modelling
approaches in terms of scale, processes captured, data requirements and predictive
uncertainty, (3) to develop standards for (Bayesian) model parameterization, calibration,
evaluation, and comparison, and 4) to conduct multi-model projections under climatic
change.

This session thus integrates efforts of forest modelers and data-providing experts, and
ultimately aims to deliver robust information on the power and uncertainty of model pre-
dictions to decision makers. Focusing on forests and climate change it thus fits well into
conference theme 2: “How can forests play a greater role in carbon sequestering and si-
multaneously become more resilient to climatic changes?”
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187 Remote Sensing in Carbon Balance Evaluation and Monitoring

Main Organizer

Co-Organizer(s)

Tomasz Zawila-Niedzwiecki
IUFRO 4.05.04. Remote Sensing, Warszawa/Poland
tzawilan@gmail . com

Mathias Schardt, Joanneum Research, Graz, Austria
Radomir Balazy, Forest Research Institute, Sekocin St., Poland
Lukasz Kwasny, Warsaw University of Life Sciences, Geomatics Lab., Warsaw, Poland

Session description

Recently, forest inventory based approaches for the assessment of carbon budgets and
monitoring of carbon stock changes have received considerable attention. So far, esti-
mates of the magnitude of carbon stock changes due to afforestation, reforestation, and
deforestation activities in different regions are mainly based on coarse forestry statistics.
Therefore, an operational system to quantify carbon stock and stock changes on national
and continental scales will be absolutely mandatory to allow the United Nations Frame-
work Convention on Climate Change (UNFCCC), the Kyoto Protocol (KP) obligations or the
post-Kyoto REDD process (Reducing Emissions from Deforestation and Degradation) initi-
ated at the UNFCCC Conference of Parties meeting in Montreal (COP 11) and Bali (COP
13) to monitor and improve the source-sink function of its forests, and to save its major
political and economic interests. This provides considerable motivation for an indepen-
dent tool appropriate for the broad assessment of carbon stock.

Remote sensing (SAR and optical) represents an ideal instrument for the objective and
standardized assessment of carbon stocks. In comparison to other inventory systems it
offers a highly cost efficient alternative. Main advantage can be seen in the fact that re-
mote sensing data can synoptically record wider areas, and that using these data it is pos-
sible to observe the same areas repeatedly which permits monitoring over many years. In
comparison to sample based inventories that provide key statistical data on larger regions
remote sensing based surveys allow for the derivation of regional carbon distribution. The
potential of satellite remote sensing for carbon stock assessment has been demonstrated
by many investigations and the development of innovative methods to improve remote
sensing based inventory tools is currently under way. Many studies clearly demonstrated
that classifications can be significantly improved when remote sensing data and terrestrial
inventories are combined. The proposed session will consider papers and posters de-
monstrating innovative methods for carbon assessment that are based both on SAR / op-
tical airborne or satellite remote sensing data.
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197 Ecosystem services and the well-being of forest-dependent communities: enhancing
social innovation and building resilience to global changes in remote rural areas

Main Organizer

Co-Organizer(s)

Maria Nijnik
The James Hutton Institute, Aberdeen/Scotland, UK
maria.nijnik@huton. ac. uk

Mariana Melnykovych, Institute of Ecological Economics and Management, Ukrainian Na-
tional Forestry University, Lviv, Ukraine

Session description

Forests provide a long list of benefits to people and are vital for communities. The ecosys-
tem services of forest are particularly important for rural (e.g. forest-dependent) commu-
nities living in marginalized rural areas, such as mountains, where local well-being is usu-
ally lower than elsewhere. Sustainable use of forest ecosystem services could provide
substantial contribution to the well-being of forest-dependent communities by helping
them to tackle global challenges, and through a more targeted addressing of UN
Sustainable Development Goals 2030 Agenda.

Forestry is considered as an integral part of the rural development policy and sustainable
forest management is mentioned as one of the EU priorities for rural development. The
Rural Development Programme 2014-2020 promotes the fulfillment of the basic princip-
les of the European Forest Strategy (2013) through a range of its forestry specific mea-
sures designed to benefit rural areas/communities.

This session is connected to the IUFRO Strategy 2015-2019 research themes:

“Forests for People”, because how to increase the well-being of rural communities in re-
mote forest-dependent areas will be considered;

“Forests and Climate Change”, because the questions of how forest-dependent communi-
ties are affected by global changes, and what is the policy for climate changes adaptation
will be considered;

“Forests and Forest-based Products for a Greener Future” — because sustainable use of
forests and of non-wood forest products and services for "greening” of the development
through boosting of social innovation in marginalized rural areas, will be considered.

The session is very important, because of the mentioned above objectives, and given that,
under current global changes posing numerous challenges to local communities, it is ne-
cessary to bring together people who work in the area; and have a fruitful discussion in
the frame of this session which would be useful for the advancing of scientific knowledge
and its exchange; for the development of innovative rural policy and sustainable forest
policy considerations in a sustainable way; for developing of recommendations for policy
makers and practice communities of different levels, with the ultimate aim of increasing
the well-being of forest-dependent communities in remote rural areas in the context of
global changes and adaptation strategies.
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For scientific inquiries, please contact For organizational inquiries, please contact

Dr. Andrew Liebhold The FVA Organization Team
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U.S. Forest Service
e-mail: iufro2017@forst.bwl.de
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Find more information on our website www.iufro2017.com
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